1 DEVICE AND METHOD OF DETECTING MUTATIONS AND POLYMORPHISMS IN DNA
CROSS-REFERENCE TO RELATED APPLICATIONS [0001] The present application claims priority
from U. S. provisional patent application No. 60/504,434, filed on September 22, 2003 and U.S.
provisional patent application No. 60/534,366, filed on January 6, 2004, the contents of which are
hereby incorporated herein by reference. FIELD OF THE INVENTION [0002] The present invention

relates generally to devicas pOfCREshOIMA TERHS IR BETHIE INGARELAOLINORGiSMS in DNA, and

particularly to use of mismatch bindingNgsopeysyaNie kgsn sV PRRIP& BACKGROUND OF THE
INVENTION [0003] A polymorphism is a variation in genetic sequence in which an individual's genetic

sequence at@EraSKLIERINEN e PORIEARETS APPLtea 130 Ice commonly found in a
population. Polymorphisms can be induced by mutagens, or they may be naturally occurring in a

population. Fo@gece doft pedyenerppisivatioan dndididyals BNAaan Ofenhevisiedaispatdigease
marker, since particular pol rphisms.tend tg be linked.to in diseases. Polymorphisms include
Single or muTBLCEHED b AA S GRS PGEBb AL, St e o PR EB
genetics, thexwplstdriagonily. obOvifadons andl sequanaerypelyntorphismsdateiAcesullidhoatsingle base
substitution and small additiong and deletjons. The efficient, accurate and rapid detection of these
variations is VaRyYitSSHRRE ﬁi%%‘ﬂ?e 1¢fioH A58 diagnosis of disease, forensic medicine, and public
health. [0004] Most methods for detection of genetic alternations consisting of one or a few bases

involve hybriBlEtBrOdetee ANSENTEINnucleic acid (DNA or RNA) and a test DNA: the mutation
may be revealed as a mispaired or unpaired base in a heteroduplex. Detection of these mispaired or

unpaired bagggds bepn aprUR!IFhech bk A vBrElY Qh@sHds (dawiQs Grd-» hafagtRtopy:Methods for
the Detection of Mutations and Polymorphisms in DNA, CRC Press, (1997)), including denaturing
detection of mutations and polymorphisms in DNA, and particularly to use of

mismatch binding proteins and ligands for same.

BACKGROUND OF THE INVENTION

[0003] A polymorphism is a variation in genetic sequence in which an
individual’s genetic sequence at a given location in the genome varies from the
sequence commonly found in a population. Polymorphisms can be induced by
mutagens, or they may be naturally occurring in a population. Presence of a
polymorphism in an individual’s DNA can often be used as a disease marker, since
particular polymorphisms tend to be linked to certain diseases. Polymorphisms
include single or multiple base substitutions, insertions or deletions. In human
molecular and medical genetics, the vast majority of mutations and sequence
polymorphisms in DNA result from single base substitution and small additions and
deletions. The efficient, accurate and rapid detection of these variations is very
important in the prediction and diagnosis of disease, forensic medicine, and public

health.

[0004] Most methods for detection of genetic alternations consisting of one or a
few bases involve hybridization between a standard nucleic acid (DNA or RNA) and
a test DNA: the mutation may be revealed as a mispaired or unpaired base in a
heteroduplex. Detection of these mispaired or unpaired bases has been accomplished
by a variety of methods (Taylor, G.R., Laboratory Methods for the Detection of
Mutations and Polymorphisms in DNA, CRC Press, (1997)), including denaturing



2 gradient gel electrophoresis, enzyme or chemical mismatch cleavage, and direct sequencing of
polymerase chain reaction products. These methods typically involve time-consuming or technically
complicated methods that are not suitable for handling a large number of samples at one time, such
as gel-electrophoresis and/or staining procedure. Some of the methods require that the exact location
of the mutation be known, and the results can be difficult to interpret when the target DNA is

heteroz_ygou fardhe @P@@@Hdﬁ%ﬁ’@s’%&[o @ni@hﬂ@ &U%ﬁéﬁﬁémi%%%ﬁf&q”@kﬁcﬁggp%@rdH%@t_in _
screening of large numbers of samples for polymorphisms. [0005] Other methods of detecting genetic
alterations ifSRRFE CRE ObPebABERSE AWindeRstIn s igueBess RIS eI Ugir SNA

microarrays Qﬁé”&%@mﬁﬁ?&@é\dﬁﬁ}mnﬁ&%HJ@%ME%&E&M@@EM@IH&M@ ioiyNgipc, magnetic

or optical methods, including fiberoptic methods. These technirgues generally involve immobilization
of a DNA prépBi &g aMimbes ol sporishatsomséiife it niiudrrgPRBeoIN AN W & HMISDilized

probe. Mutatignsdaad. resit i MIrPaiEesbas Yapaiethhaneiniheoxkorlizedhietarpeeniee molecule
are detected by monitorin&%éhe hfbridization a ini{%:f the test DNA to the immobilized probe DNA, as

these alternSHiON affedt diztibrParhifciindn dntPEEbIBRES aks SaFesEelRA s

Physicochemigala)gJabgiertineASRAGE (REQRh 1 §8ik3 fidnasbn lyabsAnahBigrhamal3897) 251(2):
270-279) and thus produce different sigtggtal outputs, depending on the method use. The discrimination
of the hybridi®&BAFERIBS o s ARSI ABSHBIRTCHRI-RASEIRPR i Bically relies on the use of high

stringency hybridization conditions, for example optimized hybridization temperature based on the
melting prop@@e5] (Tno)théthashedds {\dkttiungsSirishedalRreaioak, Golldd Siipace Asnkéd: 269-273

(2000); Furtado, L. M. et al., Analyst, 123: 1937-1945 (1998)), high stringency buffer .(Chong K.T. et
o Lamgmur 5o b s e TOIALER, BEIBh lbe0gtor, TR toP i Bitecton of
Mutations arvddedlyPhoxpeligms andDdiireehdaicaR . thEaylonGRE RiessyiBacaiRatapiew ¥ork 1997).

These methads, howeyer are finsutable for scanning wide regions of DNA (a capablity essential for

the detectior For genomic polymorphisis) 35 Singre Base subStititions!oF defetions resdltin very small

differences imthehyiadiration afatyréts welndhe deteppion sedsiibktyaint hybridization of
test DNA to the immobilized probe. Mutations that result in mispaired or unpaired
bases in the hybridized heteroduplex molecule are detected by monitoring the
hybridization affinity of the test DNA to the immobilized probe DNA, as these
alternations affect the hybridization affinity (Knoll et al., Colloids and Surface A:
Physicochemical and Engineering Aspects (2000) 169:137; Healy et al. Anal Biochem
(1997) 251(2): 270-279) and thus produce different signal outputs, depending on the
method use. The discrimination of the hybridization profiles of a mutant strand from
wild-type DNA typically relies on the use of high stringency hybridization conditions,
for example optimized hybridization temperature based on the melting properties
(Tm) of the strands (Wittung-Stafshede P. et al., Colloid Surface A, 174: 269-273
(2000); Furtado, L. M. et al., Analyst, 123: 1937-1945 (1998)), high stringency buffer
(Chong K.T. et al., Langmuir, 18:9932 (2003)), or both (Nilsson, P., et al, Laboratory
Methods for the Detection of Mutations and Polymorphisms in DNA, Graham R.
Taylor CRC Press, Boca Raton New York 1997). These methods, however, are
unsuitable for scanning wide regions of DNA (a capability essential for the detection
of genomic polymorphisms) as single base substitutions or deletions result in very
small differences in the hybridization affinity. As well, the detection sensitivity of
these methods is in the level of the micromolar or sub-micromolar range, which is far

below the limit required for disease diagnosis.



these methods is in the level of the micromolar or sub-micromolar range, which is far below the limit
required for disease diagnosis. 3 [0006] MutS, a DNA mismatch binding protein, has been used to
detect mismatches in DNA samples. Wagner (US Patent Nos. 6,027,877, 6,114,115, and 6,329,147)
describes methods in which labelled DNA is contac%ed with MutS protein for detection of any
mismatches in the DNA sample. The MutS is immobilized on a chromatography column. Since these

methods usgmeﬁatqthyam@md%mﬁxt%e biRliMelasiapiediie natallelanalysisiefaqultiple
samples. [0007] Thus, there is a need for a method of etectlgfo mutations and polymorphisms in a

DNA sampleéttidtaichecifabNfhseamdce asy agiie( (S sbatsatiorohiGHe8 tighpud dridRsidnd which
enables idenyifisation pidheilacatiemandinaiuren fibe-MIRUOR WiHiR & darget RS pSHMMARY OF

THE INVENTION [0008] The present invention provides a resonator sensor having an immobilized
capture moldeURStesHHEY prap¥ DNmatshraiiBeghdisanale DNbe Myt icanpioRilirreheaten binding

molecule. ThaxgagRRIapREISAIMACSTHREMNRRIEHRIE URETLh G ASLLSNIBNREAJIMBINRY a

polymorphism in target DNA. The present methods are advantageous in that they are simple,
requiring rel2QVaT51sadpEths Aty sihel aylHBls 08 Yel electrophoresis or staining
techniques. [0009] The methods may incorporate nanoparticle- and enzyme-based signal

amplification68@W]iquekhia achigve ultra-sewditiver ganenattitaliosr datestion [ORA]ibnythexkmore, as
resonator sensors are easy. to minjaturize and automate, the present methods may be adapted for
resonator arPREBETINER Hoh HOts BHIORGHE A TAEIP ISP mile DRAVCA les o
multiple mutatignthaiheutionl e 14d)dnwdnehaspedtis tdemmitsaninrfshtidodqatides ammethod of
detecting a fr%t ation in.a tar.%(lat DNA co [sing obtaining a first measurement of a resonance

e

parameter o SJBHEIAISER 6?,%??&? tor sensor having a vibrating element, said vibrating
element having a surface, and a probe DNA immobilised on said surface, said probe DNA hybridized

with a targetSDNVAYICORE@RJTHE By KNEDQN¥obe DNA
[0008] The present invention provides a resonator sensor having an immobilized
capture molecule, either probe DNA containing non-disease DNA sequence, or a
mismatch binding molecule. The resonator sensors described herein are useful for
detection of a mutation or a polymorphism in target DNA. The present methods are
advantageous in that they are simple, requiring relatively simple instrumentation, and

do not involve gel electrophoresis or staining techniques.

[0009] The methods may incorporate nanoparticle- and enzyme-based signal

amplification techniques to achieve ultra-sensitive gene mutation detection.

[0010] Furthermore, as resonator sensors are easy to miniaturize and automate,
the present methods may be adapted for resonator array techniques, for high
throughput and rapid screening of multiple DNA samples or multiple mutations at one

time.

[0011] In one aspect, the present invention provides a method of detecting a
mutation in a target DNA comprising obtaining a first measurement of a resonance
parameter of a resonator sensor, said resonator sensor having a vibrating element, said
vibrating element having a surface, and a probe DNA immobilised on said surface,
said probe DNA hybridized with a target DNA; contacting the hybridized probe DNA
and target DNA with a mismatch binding molecule; obtaining a second measurement

of the resonance parameter of the resonator sensor; and comparing the first and



and target DNA with a mismatch binding molecule; obtaining a second measurement of the
resonance parameter of the resonator sensor; and comparing the first and 4 second measurement of
the resonance parameter. [0012] In another aspect there is provided a method of detecting a mutation
in a target DNA comprising obtaining a first measurement of a resonance parameter of a resonator
sensor, said resonator sensor having a vibrating elément, said vibrating element having a surface,

and a mismaich,hindingunalestils immabilised parsaitesurface; contacting the mismatch binding
molecule with a hybridized probe DNA and target DNA; obtaining a second measurement of the

resonance pfdg iter f the resonator sensor; and. comparing the first and second measurement of
the resonan E)% amete?RIBT 7R hERHE A B EUAFL A TSN ffelFLesHEE R IBYEEARIP omprising a
vibrating elemgt MANNGegiitage obtpiithe BNAtIMBaeDIiARM OS5 SaidssHiiagepsaitcRiopLaDNA
capable of hybridizing with a target DNA; an excitation source for. vibrfqtin said,vibrﬁt}[‘%? element; and

a detector foF BN RS ChafR HTSABHRIoRCBIOL A WS SN E e R SIS Ao a
mismatch bistimgrimatedule dossafscprobe Divdsiien byitidiz etonith]saichiarpidisEiNéntadiarm a

heteroduplex DNA. [0014] In a further aspect there is proyided.a respnator sensor prising a
Vibrating eloMEREF LA EE e TG B O R BB DRSPS REE SN Hitbmatch
binding moleaatget cBpab]eobidititling adeeirl adupiex i, dntkxaitatiodmopiceniereyilfatig said

ibrating element; a detector for detecting a change in. vibration of said vibrating element indicative of
binding Said RSB DA LS LAt TG W RGOS DY) Lk SGHUERS and features

of the presephiarention will become apparent to those of ordinary skill in the art upon review of the
following description of specific embodiments of the invention in conjunction with the accompanying

figures. BRI 0137 SRRk RRE IR %1%] ladhefigu %ﬁs&{h'&%ﬂﬂ?ﬁﬁ » by way of
example only, embodiments of the present invention, |[0017] FIG. 1'is a block schematic diagram of a
resonator sevibortgtedtingnd having a surface; a probe DNA immobilized on said surface, said

probe DNA capable of hybridizing with a target DNA; an excitation source for

vibrating said vibrating element; and a detector for detecting a change in vibration of

said vibrating element indicative of binding a mismatch binding molecule to said

probe DNA when hybridized with said target DNA to form a heteroduplex DNA.

[0014] In a further aspect there is provided a resonator sensor comprising a
vibrating element having a surface; a mismatch binding molecule on said surface, said
mismatch binding molecule capable of binding a heteroduplex DNA; an excitation
source for vibrating said vibrating element; a detector for detecting a change in
vibration of said vibrating element indicative of binding said heteroduplex DNA to

said mismatch binding molecule.

[0015] Other aspects and features of the present invention will become apparent
to those of ordinary skill in the art upon review of the following description of
specific embodiments of the invention in conjunction with the accompanying figures.

BRIEF DESCRIPTION OF THE DRAWINGS

[0016] In the figures, which illustrate, by way of example only, embodiments of

the present invention,

[0017] FIG. 1 is a block schematic diagram of a resonator sensor detecting a
polymorphism or mutation of a target DNA, exemplary of an embodiment of the

present invention;



polymorphism or mutation of a target DNA, exemplary of an embodiment of the present invention; 5
[0018] FIG. 2 is a schematic diagram of an array of resonator sensors arranged in a 48-well microtitre
plate; [0019] FIG. 3 is a photograph of arrays of piezoelectric quartz crystal -based resonator sensors
in which QCM sensors are arrayed on quartz; [002Q] FIG. 4 is a schematic diagram of a the
hybridization of a target DNA and subsequent binding of mismatch binding protein MutS to probe DNA

immobilized [M)15%]"‘_350F'P¢9r25%n§‘§51&§ﬂ&9i@@QQ%GM%@%W@FWQHQ&O%])ECén%ﬂﬁéﬂ schematic
diagram of the binding of heteroduplex DNA by MutS protein immobilized on a resonator sensor;
[0022] FIG. &Nt HHerfédeI 8RS response of a biotin-thiol modified resonator sensor (QCM) to

the binding of MutS to heteroduplex DNA containing a T:G mismatch, in which the frequency
response cu[0e19Ehowndromifabrisiastopraphthd stiaptayidjpidieeldhraughdpiotiniNA-basembly,
hybridization of target DNA, to Muﬁ]?S(Si d'r%éc‘_:;%OOZf:’ﬁlZ FIG. 7 jllustrates the frequency response of a
QCM to the BIRRADHITRNS B HERS éb/llle RIA AR 5E B KA to heteroduplex DNA

containing a T:G mismatch (MM 1); [0024] FIG. 8 illustrates the frequency response of a QCM to the
binding of M[28263 hetEl6ddpiex Biigncoistdiagrgram Uim pairbybGAizi00a5]fF Gur el Dirhatasithe
frequency response of a. OCM to the binding af MutS. to hetexoduplex contaimni n unpaired
CAG: 1006 B B 4 S e N SR BRI B i o
heteroduplex basforat @ mive nbimglngtof MapG pidireintf@OAFFEIG. 11A-B are graphs illustrating the
changes in frequency (A) and motional resistance (B) upon MutS binding to immobilized heteroduplex

DNA contaifype ¢] T-Criesmpieh AaasiRRaled &ah Gr 028G o2 IRQrapipllisiRingihe

frequency response of a QCM with immobilized MutS bound to either MMO (mismatch O,
homoduplexwmein immobilized on a resonator sensor;
[0022] FIG. 6 illustrates the frequency response of a biotin-thiol modified
resonator sensor (QCM) to the binding of MutS to heteroduplex DNA containing a
T:G mismatch, in which the frequency response curve is shown from fabrication of
the streptavidin film, through biotin-DNA assembly, hybridization of target DNA, to
MutS binding;

[0023] FIG. 7 illustrates the frequency response of a QCM to the binding of MutS
to homoduplex DNA (MMO0) as compared to heteroduplex DNA containing a T:G
mismatch (MM1);

[0024] FIG. 8 illustrates the frequency response of a QCM to the binding of MutS
to heteroduplex DNA containing an unpaired CA;

[0025] FIG. 9 illustrates the frequency response of a QCM to the binding of MutS
to heteroduplex DNA containing an unpaired CAG;

[0026] FIG. 10 is a frequency spectrum of a QCM with immobilized probe DNA
hybridized in a heteroduplex before and after binding of MutS protein;

[0027] FIG. 11A-B are graphs illustrating the changes in frequency (A) and
motional resistance (B) upon MutS binding to immobilized heteroduplex DNA

containing a T:G mismatch or an unpaired CAG;

[0028] FIG. 12 is graph illustrating the frequency response of a QCM with
immobilized MutS bound to either MMO (mismatch 0, homoduplex) or MM 1



6 (mismatch 1, heteroduplex) DNA. DETAILED DESCRIPTION [0029] DNA polymorphisms are
genetic variations in a population that occur at certain locations in the genome. Confirmation that an
individual carries a particular polymorphism can often be used as an indicator of disease or that the
individual is a carrier of a disease gene. [0030] Single base substitutions, and small insertions and
deletions associated with a DNA polymorphism, for example of 1 to 4 bases, can be detected by
hybridizing tesiANAWithadrigrprss BNA.and contacting with a molecule that binds mismatch DNA,
where either the reference DNA or the mismatch binding molecule is immobilized on a resonator
sensor. [0031] "Mismatch DNA" or "heteroduplex DNA" refers to DNA which includes one or more
mismatch bd2 Béﬂr%@ RERGRERIHGXse pairing refers to a specific pair of opposing bases, in the

context of a f@!ﬁ h|ch cannot form one of the h drogen -bonded base pairs, T with A or G
with C. Hete é% rP&le%%rp T RIS R ﬁlr‘?%h‘ﬂ&ﬁ‘é)r?é’ P8 BRLE ¥ ne strand
does or do mamm&eﬁmtlth&lb@&@cﬁﬁ@ammﬂml@ppmag stcHnduab wﬁmeasiqgutbéaistranded

DNA in which one or more basgs of eithe stran(ajjr%‘oes or(go not have e, due to an
insertion o1 ARISTENTH SR S 208 s BTt P B ST A ARG e DA
refers to doufaleisirefiwleddaddAdnavhich each strand is a complete complement of the other strand,
and each base forms a hydrogen- bonded base pair with an opposing base. [0032] "Target DNA"

efers o 2 g3 or AP BNA Ak IRelRsTad o 0 SAEANAY BLimiAlANe (RBAS
reference DNA Sequence-such as a smg hucleotide olymorphism or small?lnser%lons or deletlons
for example wphoa B&é‘éspnlymmgphls[m%}\taaamﬁmmmh Hirkaiveg, nmmdlﬂeéamﬁttﬂnb)to

heteroduplex DN, 11%!\'& 8m Eg ]tch l{ﬁpallre%(pre? ) mb( (‘;?é A ol aqi oteins

(MBP) that rgcognlze an strongly an erentlalyto etero y to fully
complementbiyd® NAsaratchilgeAstrahededeDhia. thorrefanmoke, th\l\mtﬂle mlsmatch bmdmg

molecule is immobilized on a resonator sensor.

[0031] “Mismatch DNA” or “heteroduplex DNA” refers to DNA which includes
one or more mismatch base pairings. A mismatch base pairing refers to a specific pair
of opposing bases, in the context of a DNA duplex, which cannot form one of the
hydrogen-bonded base pairs, T with A or G with C. Heteroduplex DNA includes
double-stranded DNA in which one or more bases in one strand does or do not
complement the base or bases in the opposing strand, as well as double-stranded DNA
in which one or more bases of either strand does or do not have an opposing base, due
to an insertion or deletion in one strand as compared to the opposing strand. In
contrast, homoduplex DNA refers to double-stranded DNA in which each strand is a
complete complement of the other strand, and each base forms a hydrogen-bonded

base pair with an opposing base.

[0032] “Target DNA” refers to a test DNA or sample DNA that is desired to be
screened for mutations relative to a reference DNA sequence, such as a single
nucleotide polymorphism or small insertions or deletions, for example up to 4 bases in

length.

[0033] Various mismatch binding molecules will bind to heteroduplex DNA.
DNA mismatch repair systems employ a family of mismatch binding proteins (MBP)
that recognize and bind strongly and preferentially to heteroduplex DNA, and weakly
to fully complementary DNA and single-stranded DNA. For example, the MutS



7 protein has been identified as such a component of the Escherichia coli mismatch repair system
(Lamers et al., Nature (2000) 407:711-717). Analogous proteins are known in other bacterial species
including MutS protein from Salmonella typhimurium and Thermus aquaticus, and the HexA protein
from Streptococcus pneumoniae. As well as MBPs, synthetic mismatch binding ligands ("SMBL") are
also able to recognize specific mismatches based Jn the design of the molecules (Nakatani et al.,

Nature Biotegi§2003) b9:aLidbiagHearaetidh NeshPSiaRASH2004)32, 278886 agihara et al., J.
Am. Chem. Soc. (2004) 126: 557-562). For examEIe, dimeric naEhthyrldlne recognizes and binds to a

G:G mismatéFa SEHRmydmeraLAqlindieren(EPbHis 1dlant/lecoiinads e idihatch and

dimeric amingparhthyridinR reeqaRizas apstRINdminAiG:C MHRRaRBPO3Mhhus, /A mismatch
binding molecule can recognize and bind to heteroduplex DNA to form a mismatch binding
molecule/hetBrEatiasDNE dRipie. J063tUss At DBEoREXApPEREsE ATPEROMAEBISEREHT exemplary

of an embodimentoafdheAyasamntinyanian akde usasthindetasdine meismatel bindingare

molecule/heteroduplex complex. Either the heteroduplex DNA or the mismatch binding molecule is

immobilized YrPadRlsr 4G Iehen i retsmatehesehatsd A8 HstalrsieBetbvidbyalsAitting the

frequency speeltianPfchelvibvating elpment, (rouiation or: pabsaERNsMIIN e targeyPNA may be
detected. [0036] Resonator sensors _are known in the art, and include bulk acoustic wave devices,

thickness shed%fotts G ery&iaiimierebalarcett b Sear a0t Wadddeliftes ("saw),
tuning forks,digxipr! WaneRiatasy RifzeGRstisciniAManMigiamlegramestaniaahmysiems ("MEMS”)

resonators, membranes, bridges, suspended masses and cantilevers, any of which are suitable for

use in the redgiiBTdBRERAT RS OBFUG HRdS R, TORRREFES THs @nt, AILBAH 46 of a

resonator seqisdrikChBxRMUPRINyliat Ruesianenddiite rreset inuentien, is illustrated in FIG. 1.
Resonator sensor 10 includes a vibrating element 12 and an excitation source 20. Element 12 may be

ariven to vibpgisfiyoug e apPIGRIoN o' A0, leEUOMANEL SMRLINGEL "I bind 1o
heteroduplex DNA to form a mismatch binding molecule/heteroduplex DNA

complex.

[0035] As will become apparent, a resonator sensor exemplary of an embodiment
of the present invention may be used to detect the mismatch binding
molecule/heteroduplex complex. Either the heteroduplex DNA or the mismatch
binding molecule is immobilized on a vibrating element of the resonator sensor. As
detailed below, by monitoring the frequency spectrum of the vibrating element,

mutation or polymorphism in the target DNA may be detected.

[0036] Resonator sensors are known in the art, and include bulk acoustic wave
devices, thickness shear mode quartz crystal microbalances (“QCM”), surface
acoustic wave devices (“SAW?”), tuning forks, flexural wave plates, piezoelectric thin
films, micro-electromechanical systems (“MEMS”) resonators, membranes, bridges,
suspended masses and cantilevers, any of which are suitable for use in the resonator

sensor or methods presented herein.

[0037] To this end, a schematic of a resonator sensor 10, exemplary of an
embodiment of the present invention, is illustrated in FIG. 1. Resonator sensor 10
includes a vibrating element 12 and an excitation source 20. Element 12 may be
driven to vibrate through the application of an electromotive or similar force, from

source 20. At a particular frequency of excitation source 20, element 12 will vibrate



source 20. At a particular frequency of excitation source 20, element 12 will vibrate 8 more efficiently
than at other frequencies. This frequency is referred to as the resonant frequency of sensor 10. [0038]
The type of excitation source 20 used will depend in part on the nature of sensor 10. For example, a
resonator sensor 10 that includes a quartz crystal vé%brating element 12 can be made to oscillate by
placing the crystal in a simple electrical feedback circuit. Most piezoelectric sensors can be driven in

this way. The,gXCitafiefensQUIREHTOft OBNRY SBESRERCHQ XAMPIR.SHigRY RSAITRIRIS. thay hgea driving
electrostatic field placed near the silicon device. Alternatively, the excitation source 20 may include a

device for crisaAREPATIEERY AEREIIP T bination with a small piezoelectric plates placed under a
silicon resonator sensor, which can then be driven by oscillations of the piezoelectric plate. Excitation

source 20 mpp03Brnativelyypse Moagnsiin §bafaaanoarsa@m1ide@eﬁdgyl isneirbe tibrating efement 12,
[0039] Now, wbratmg 1|<_ement 12 may receive a sam f interest. Measuri% r;fre uency
Mo REIRT

response of $&1i8€b RGP R SRR BrSTRERES, F&\/U%C eIV Sfhe sample

of interest tochaneasersedn [0040hdheaasoiking fb@qpﬁl@ﬁygoﬂlﬁeﬂ%@talﬂrwﬂl depgacrotthalmass of the
mple. as a result of an

vibrating element 12 and any attached le. An incre in the mass, for e

mcltional SATTRES T HtadieR R TSR EIE R Dot S e AR EREAURCy to Shit
[0041] In thesdam?&te“dremihedlmhrmbfaﬂngxeiﬁmantsiﬂazmlu@bemacﬁw,rfaﬁeyl% switdbiardgr
immobilizing a capture l le 16. Surfac y be made of me oI mer silicon, glass or
uattz. OotS LHRLE AP CU AR S il SAMORE BUET AR ay I PR Uk of an
activated subetaﬁu;eumhaiswatazmmﬂvhmiamﬁg dheeﬂeadn&y{iaﬂﬂyaﬁeabﬁfb‘imnbﬁnaimeﬂ saaAb to be

capaeofsaEiog RIS DS 150l Prohlesion o i puip e o

Atm tin oxide,

or it may be hymﬁymﬁudﬂmofnhmmag)&bemamme nitxottetlatoseymoolBtytiena]tqpolyritlylese, or nylon.
An activated la er co alns ins appropriate functional roups or. atoTns for f}z*lemically reacting with
functional groué rmal.. or. a OuSE]t ﬁeréx to drive vibrating element I2.

§0r atoms Withid '3
[0039] Now, vibrating element 12 may receive a sample of interest. Measuring
the frequency response of sensor 10 including the sample of interest, allows physical

characteristics of the sample of interest to be assessed.

[0040] The resonant frequency of sensor 10 will depend on the mass of the
vibrating element 12 and any attached sample. An increase in the mass, for example
as a result of an additional sample being attached to the vibrating element, will cause

the resonant frequency to shift.

[0041] In the depicted embodiment, vibrating element 12 includes a surface 14,
suitable for immobilizing a capture molecule 16. Surface 14 may be made of metal,
polymer, silicon, glass or quartz. Optionally, surface 14 is coated with an additional
layer 18. Layer 18 is composed of an activated substance, or a substance which may
be readily activated or functionalized so as to be capable of reacting with capture
molecule 16, to facilitate immobilization of the capture molecule on vibrating element
12. The layer 18 may be, for example, a metal, for example gold or indium tin oxide,
or it may be a polymer film, including for example, nitrocellulose, polystyrene,
polyethylene, or nylon. An activated layer contains appropriate functional groups or
atoms for chemically reacting with functional groups or atoms within or attached to

capture molecule 16.

[0042] Now, capture molecule 16 may be a probe DNA comprising a reference



capture molecule 16. [0042] Now, capture molecule 16 may be a probe DNA comprising a reference 9
DNA sequence and which is capable of binding with target DNA that is to be screened for mutations.
Probe DNA may, for example, be single-stranded DNA, and may include a non-disease genetic
marker sequence that is to be tested for mutation in, the target DNA, for example a polymorphism. The
probe DNA may alternatively contain a sequence that is to be screened against target DNAs collected

fr_om a poputaign sSQUESCEO Q?JGWH_'[EE ifssb'_%‘aﬁlé%luﬁﬁﬁﬁﬂé %vﬁiltletfé?g& RoONRGHRisMPLA Site for a
disease marker. The probe DNA will contain the control sequence, for example a reference sequence
or a non-disé8s8 Aestatinhe ahsc A% ST aRitotses telectsandadaRN A eHttbmpass a

site that tenggaie Renmauiairsh 0id P ieR-AE AARBHIRHAB @A PRt fPpMRiIghttAtIRRE AL that site may

be associated with a particular disease state. [0043] As used herein, a genetic marker is a given

nucleotide s8fuEriget tRA odtirexamplsafipalimgeriiticiodhaitichpidMNea M3y dismadvsheference

point for mapRiRgOk i@@qﬁgﬂ&gt%@% gensticssreHENCRRiMiaasermatkes e @anglimmarker
whose occurrence in an individual tends to be associated with a particular disease, or to be an

indicator of PREHLPBsIO0 B dERIBHS Hattichiasereease SraHety InRlmRRIPRIE h&¥kfozygous

carrier of a digease gefSedit GARHRAS!, ahWilrEBe UNJArsIgRbARANHiSRBRR deRtieiParksr sequence
is a sequence that itself is not associated with a disease state or a predisposition to develop a

disease. HoRERBPIS 2 HRIBLERTT iPCIUERCS SE4UMCAITRASF 1BeAF85S- didb thsenaien i AMaHRdposition to
develop a diggesao[094dlbRuexamplectosmpateRNA R s sthf et disepshisickle cell

genetic marker in the (3-globin gene, or it may comprise a non-disease genetic marker. involved in
atherosclerodi@RB4HMs@adetigia ftethichsiRufigRis2ia Ak itHe rdayideages af eisdcdithor example,
breast cancgyarfdhiRi exawelestef genetic markers include those associated with the p53 gene, which
is involved in regulation of apoptosis and defence against uncontrolled cell proliferation. Single
nucleotide pglmRrPhIRMS o LEIAN PR3A80E.198L 318 vy, often diregiiysaated toa gl

occurs at a particular genetic loci, and which can be used as a reference point for

mapping or identifying other genetic sequences. A disease marker is a genetic marker

whose occurrence in an individual tends to be associated with a particular disease, or

to be an indicator of a predisposition to develop a particular disease or that the

individual is a heterozygous carrier of a disease gene. In contrast, as will be

understood, a non-disease genetic marker sequence is a sequence that itself is not

associated with a disease state or a predisposition to develop a disease. However, a

mutation in such a sequence may lead to a disease state or a predisposition to develop

a disease.

[0044] For example, the probe DNA may include the non-disease sickle cell
genetic marker in the B-globin gene, or it may comprise a non-disease genetic marker
involved in atherosclerosis, heart disease, diabetes, cystic fibrosis, Alzheimer’s
disease or cancer, for example, breast cancer. Other examples of genetic markers
include those associated with the p53 gene, which is involved in regulation of
apoptosis and defence against uncontrolled cell proliferation. Single nucleotide
polymorphisms of certain p53 gene loci are very often directly related to a high
probability of tumorigenesis (Wieczorek AM, et al. Nat. Med. (1996) 2(10):1143-6.).

[0045] The probe DNA may be synthesized chemically, or may be produced by
amplification methods, such as polymerase chain reaction methods, from a template

DNA. If amplification methods are used, high stringency techniques are preferred to



probability of tumorigenesis (Wieczorek AM, et al. Nat. Med. (1996) 2(10):1143-6.). [0045] The probe
DNA may be synthesized chemically, or may be produced by amplification methods, such as
polymerase chain reaction methods, from a template DNA. If amplification methods are used, high
stringency techniques are preferred to 10 minimizg the occurrence of mutations or errors in individual
molecules of the probe DNA. The probe DNA con 8niently can be a length of DNA that can be

produced eny,Masse RYIDG -AINEN SefUentRs[BP4AbEShamical Rvathasisdmethodaandamplifications
methods forlgroducing DNA will be understood by a skilled person and are described in standard texts

and manuallNér ekbiriprbedah IR etisntin sasie ditsnetb s N Lthdoraidiy vedHssd vd Edition,

Cold Spring HasRowtvisdRosatens&yeseror example, standard phosphoramidite chemical ligation
methods may be used to synthesize the primer in the 3'to 5' direction on a solid support, including

using an aut d nugleic acjd synthesizer, Alternatively, high.fidelity polymerase chain reaction
ay be poriCUNSH e Dk SR IR A G B S SRR (HaRSBIIE t
sequences fiankinglihe:siielefstbedoplymekluis peibad isnd se dedetted by dhedresestimaihod. If
desired, the amplified.product may, be subsequently sequenced to.confirm the segyence of the probe
oA, [0047 | FHEGHH GFHRP B oL BRI TAg A MSLAH 5 S g oot B2 o BB for region
of the probe 1 hybidize Wihiregpong ofthbdiargatbdéidiankmgsthe Begueneeplbat iaitdde tested for
mutation. For example, the probe. DNA mag/ be a short oligonucleotide, for example 20 ta 30 bases in
enoth, A ke BARCEA T R Rk P AE OB AT SHHENGh B OGRS sinsite 1
temperaturetheaations, drdtioayonod pobidesiypotoyitdizeidintaigaidM A eveiatad loweckempeidatures.
Thus, the probe DNA shquld be.designe be long enough so as to have a melting .temperature
whon hybr RPN ISP A Pt R e ltection
of binding ofigingsroaidikdaiedidig Andleculepite, heomewfohnpethas aatbybaititainothegdleas a duplex
during detectjon, Alternatively, the probe DNA may.be g longer DNA fragment, for exa , 50 to 100
pases in long i< BH TS b L R BROBR AR i Rl o ARk T RS SPAE b longth
desired, the amplified product may be subsequently sequenced to confirm the

sequence of the probe DNA.

[0047] The length of the probe DNA may be chosen to be any length so as to
allow for regions of the probe to hybridize with regions of the target DNA flanking
the sequence that is to be tested for mutation. For example, the probe DNA may be a
short oligonucleotide, for example 20 to 30 bases in length. A skilled person will
understand that if the probe DNA is too short, it will be very sensitive to temperature
variations, and may not properly hybridize to target DNA, even at low temperatures.
Thus, the probe DNA should be designed to be long enough so as to have a melting
temperature when hybridised with target DNA that is sufficiently higher than the
temperature at which the detection of binding of a mismatch binding molecule is to be
performed, so as to maintain the DNA as a duplex during detection. Alternatively, the
probe DNA may be a longer DNA fragment, for example, 50 to 100 bases in length.
Preferably, the DNA probe is approximately 50 bases in length. The maximum length
of the probe DNA is not limited provided DNA of that length can be synthesized
without introducing errors into the sequence. For example, longer DNA fragments
may be produced using high fidelity PCR amplification. A skilled person will be able
to calculate the temperature at which a given sequence of DNA will hybridize with its
complementary strand, and will understand that if the probe DNA is too short, it may

not have enough sequence specificity and may bind to a number of sites in target



of the probe DNA is not limited provided DNA of that length can be synthesized without introducing
errors into the sequence. For example, longer DNA fragments may be produced using high fidelity
PCR amplification. A skilled person will be able to calculate the temperature at which a given
sequence of DNA will hybridize with its complemenéary strand, and will understand that if the probe
DNA is too short, it may not have enough sequenc} specificity and may bind to a number of sites in

target 11 DWAAT apsqhets fORPRGeltiMayncluee 2 RUMBST AfHiaER0S o APMBIpRRREMS in the
target DNA. [0048] Furthermore, the probe DNA may be designed such that the polymorphism or

mutation thatidhe iBEeidd¥ed is located toward the centre of the probe, rather than toward either end
of the probe. This will allow for a longer portion of hybridized region on either side of the
polymorphisfo@4gloterttiatimstiaitoniseptitrooNviemihe: peoipaddNdcisthyltidiged iaotpaitatget DNA,

which may facilitate recqgnition of heteroduplex DNA b ismatch hinding molecule. If an
ismatch is B BOU U ML S (1R S AT (R THISEHGh SR IEatetr fibfonty in from
either end ofisheuarelxédo Nkl sef abe@altew NhiSwolretognice andiiadgortle ofisitaidizpairing.
[0049] Alternatively, ca%%%re lﬂglgﬂﬁ!i‘e 16 imm;q?{lized on surface 14 may be a mismatch binding
molecule. RSSO RISty FhIE AL TRQ gf@c?ﬁé’ﬂﬁ%‘ftlgiygb%f’&é(@ BiRYES JAPAired nucleotides
in duplex DpRobch®NuUsizatsibhiigidotombte calgemBINBe &hiddmaighhvilding peotginitior @fample
MutS protein from  Escherichja coli, Salmonella typhimurium qr Thermus aquaticus, or HexA protein
ftom Streptol R Bidu e ARl TR RS ALER it R BUATE iy 08 & &yrthetic
mismatch biddiagdijasidghht hindS peacspabidieniviameichhddebpaotagd tarfdx@nplddifiostic
naphthyridine which recagnizes and hinds to a G:G mismatch,. Other mismatch binding molecules will
e apparent SO oy SR TH0S0) PheccADNe HOS a4 T84 R rABbifas & Birtace 14 or
optionally onmlayerch&thidahis deposited on surface 14, using standard methods known in the art.
Depending on the material from which surface 14 or layer 18 is formed, a skilled person will

understand ‘fb%&gjres%%%b%&&?[”éﬁﬁﬂﬁl% ol QN AL TE SRS ANAIYN surface 14 may be a

mismatch binding molecule. The mismatch binding molecule is a molecule that
specifically binds to unpaired nucleotides in duplex DNA. The mismatch binding
molecule may be a mismatch binding protein, for example MutS protein from
Escherichia coli, Salmonella typhimurium or Thermus aquaticus, or HexA protein
from Streptococcus pneumoniae. Alternatively, the mismatch binding molecule may
be a synthetic mismatch binding ligand that binds to a specific mismatch base pairing,
for example dimeric naphthyridine which recognizes and binds to a G:G mismatch.

Other mismatch binding molecules will be apparent to those of ordinary skill.

[0050] The capture molecule 16 is immobilized on surface 14 or optionally on
layer 18 that is deposited on surface 14, using standard methods known in the art.
Depending on the material from which surface 14 or layer 18 is formed, a skilled
person will understand the corresponding chemistries for covalent or non-covalent
attachment of capture molecule 16. For example, on glass, quartz, and silicon, silane
chemistry is frequently used to immobilize molecules on the surface or layer, and
thiol chemistry is more suitable to introduce functional groups on a gold surface or

layer.

[0051] For example, where the capture molecule is a probe DNA, one end of the
probe DNA may be modified with a reactive functional group, such as a thiol, amino,

carboxylic acid, hydroxyl, phenol or phosphate group, which may react with surface



attachment of capture molecule 16. For example, on glass, quartz, and silicon, silane chemistry is
frequently used to immobilize molecules on the surface or layer, and thiol chemistry is more suitable
to introduce functional groups on a gold surface or layer. [0051] For example, where the capture
molecule is a probe DNA, one end of the probe DNA may be modified with a reactive functional
group, such as a thiol, amino, carboxylic acid, hyd} xyl, phenol or phosphate group, which may react

with surface i, A hof bty _iinecale R sHHL-a8 &MRIAl Rl abihiseha-BeRgk between
the probe DNA and the surface of the vibrating element. A metal surface may be functionalized so as

to make it reRiife DR e3tthnihie, siiiaeearduits ce biafinBecicantal withetdniBuarkl B13¢hss propyl

amino silane,AE@hAMRPsICENIDRLLRIRbaRIOYIdING themmatah SHEfArSuWIBrRRGHNE R groups
that can then react with suitable functional groups on the probe DNA. Preferably, the attachment of

the probe DNEMAHOERAERE SFHe YTbPIARY! efdhiemt SHIHbUSE, 38 LMBWigisiEREcthdhinditions

used to rinsgyREdiREhiaraet iR e aRdiinBRURd ismatshobRding: melagele fram haHesonator
sensor between steps of the present method, as well to withstand the conditions used to regenerate

the resonatot&BRE fHtH RN SEIPE LHIBBPENA BitveeriigcsRih HifrcihiargétBNes. [0052]

The mismatehdpndinoamelaculeimay be iRkmehiizgd Qemseiasedshal Javartdduginddaerzame
techniques as described above for immobilization of the probe DNA. Immobilization should be done in

a manner thSPAGE8Hotedriprinee aBiPoringd figsatiNdirathyrhewdumisgaibchiedifbind to
heteroduplex RiNA & Go @ X@N BiSotRR MR R ateiBiNsis o shigHRRNM@XsSy el ithiough its N-

terminal mismatch-recognition domain. Thus, the immobilization may be desﬂi(t%n,ed to occur at the

C-terminal r@EHSBESthrecHRIESIANI UGH JRHE ALK EF dPaRioh e evilh HranRyisedeteroduplex

DNA. [0053]p/dBeminnnakiliginautis wisnaterehingipg mrigsule, the mismatch binding molecule may
be pre-incubated with a heteroduplex DNA in solution to form a mismatch binding molecule/DNA

complex, whighay then.be mmobiizedonte (e fesonateL Sensok T RS odpley DA may then
be released from the mismaic

layer 18 using the same techniques as described above for immobilization of the probe
DNA. Immobilization should be done in a manner that does not disrupt the ability of
the mismatch binding molecule to specifically bind to heteroduplex DNA. For
example, the MutS protein binds to mismatch DNA exclusively through its N-
terminal mismatch-recognition domain. Thus, the immobilization may be designed to
occur at the C-terminal residues of the protein, leaving the N-terminal domain

available for binding to heteroduplex DNA.

[0053] When immobilizing the mismatch binding molecule, the mismatch binding
molecule may be pre-incubated with a heteroduplex DNA in solution to form a
mismatch binding molecule/DNA complex, which may then be immobilized onto the
resonator sensor. The heteroduplex DNA may then be released from the mismatch
binding molecule, such that the resonator sensor with immobilized mismatch binding
molecule is regenerated and available for use in detecting mutations in a target DNA.
This approach helps to minimize disruption of the mismatch binding molecule during
immobilization on surface 14. This approach may be preferred when the mismatch

binding molecule is a protein.

[0054] The capture molecule 16 may be immobilized by first coating the surface
of the resonator sensor with layer 18, for example, a thin layer of a polymer film that
binds the capture molecule 16 non-specifically, for example nitrocellulose,

polystyrene, polyethylene, or nylon. The polymer should provide a suitably stable



binding molecule, such that the resonator sensor with immobilized mismatch binding molecule is
regenerated and available for use in detecting mutations in a target DNA. This approach helps to
minimize disruption of the mismatch binding molecule during immobilization on surface 14. This
approach may be preferred when the mismatch binding molecule is a protein. [0054] The capture
molecule 16 may be immobilized by first coating the surface of the resonator sensor with layer 18, for

example, a thig |@ﬁ‘@ﬁé’faﬁm%@}ﬁfJF%H"@&%MP@M%&@@%GWQ@Q%&&&O&%CWEHU% for
example nitrocellulose, polystyrene, pQIyet&ﬁzne, or nylon. The polymer should provide a suitably

stable 13 anl§sttryiREaRa ARHEN PHAHESREIBIRTINE el aw e thBiFssnhgt adHasK Alhdut
destroying thenaRility.0f s maieBupniing @iﬂl@ﬁdkli%ﬂe PR terhelerodupisn BN Amyaene the capture
in

molecule 16 is either probe DNA or mismatch bin molecule. This method is useful when the

capture molddtifem®hedisissiskerhsidin garigrs ey o Ay HsmrrbErdbIg diiesHtein, since
proteins easﬂxﬁmm%mi@ﬂwﬁnw@&@iﬁcogﬁwI@ﬁﬁeﬁglﬁw%s&@lmwwnwylon,
oDl

through physical adsorption or hydrop c interaction at an appropriate pH, incubation temperature,

and incubatittfim®® 2RI FRRPR GG rBROBIBES SR HesBh. Pogs]lenspltarahol8bYfcal molecules
may be used deJsprabiize,hie ane iRNAaLIS: misEpteRRiRdiNg, melesule iR suTaee 14. For

example, a spacer molecule having a reactive functional group at one end and an affinity binding
molecule cofafeiRfyatioaduaemedihe rader sy By # 8 DGtFPthe surface of the vibrating

element, such that the spacer molecule is bound to the resonator sensor via the reactive functional
group, leavirjgab8]affinitysbirdingnolaletuler fraelcbul@ffinity Hiindied todleawdiiszamyienelelstle that

intc_era(;]t_s :\vit%@n@t@siﬁg%ﬁ%ﬂ%& r%uigpna %Pigh;ilﬁeintﬁtracstiop, gﬂ al':;either haig,ofa rece tor/ligand
pair which bin a ué 4 §p S o cOVEIEAT Gffi ity iRleFARHEN S ForBEE ple, the
affinity bindinglmalechieima bedigtia, fsitefpdauldiroapidin oan AdP anblegudfiaityAbRdbipnding
domar, e S4p gl 1 L Bl Al 1 feanges iy b
immobilize thébprobe A Hoeh that the spacer molecule is bound to the resonator sensor via

the reactive functional group, leaving the affinity binding molecule free. An affinity

binding molecule is any molecule that interacts with another molecule through a

specific interaction, such as either half of a receptor/ligand pair which bind to each

other through a specific, non-covalent affinity interaction. For example, the affinity

binding molecule may be biotin, streptavidin, avidin, an ATP analogue, an ATP

binding domain, imidazole, digoxigenin or a 6-histidine peptide. A molecule that

recognizes the affinity binding molecule may be attached to one end of the probe

DNA or the mismatch binding molecule, so as to immobilize the probe DNA or the

mismatch binding molecule to the resonator surface through the interaction with the

affinity binding group. Alternatively, a second spacer molecule can be used. A

second spacer molecule is a molecule that binds to the affinity binding molecule

immobilized on the resonator surface, for example through a complementary affinity

binding molecule attached to the second spacer molecule, and with the probe DNA or

the mismatch binding molecule, or a group that is attached to one end of the probe

DNA or the mismatch binding molecule, through a second site on the second spacer

molecule, for example, through a reactive functional group such as an amine or

carboxylate.

[0056]  Alternatively, the spacer molecule may be a bi-functional small molecule

that functions as a cross-linker and which has two reactive sites. For example,



mismatch binding molecule to the resonator surface through the interaction with the affinity binding
group. Alternatively, a second spacer molecule can be used. A second spacer molecule is a molecule
that binds to the affinity binding molecule immobilized on the resonator surface, for example through a
complementary affinity binding molecule attached tg the second spacer molecule, and with the probe
DNA or the mismatch binding molecule, or a grouﬁhat is attached to one end of the probe DNA or

the mismatchhindingr@lesulmidaievahf seerBd &R RNIIRsa50Rd %%?66‘19&%&@1&‘@? example,
through a reactive functional group such as an amine or_carboxylate. [0056] Alternatively, the spacer

molecule mayBecs BilfyRctishABMRIEFABRENI I RSNEINhLEIUSEIYSE- NS 1BAMRSIEShas two

reactive sitep,EprSxamplantifto gridralse iR FninidaiasomaitRUse8d DIk 8:fFeRAMMIRC group on
the resonator surface with a free amino group on the probe DNA or mismatch binding molecule.

Preferably, tREGREIBUSEHS LB IRBTaSMES ZE8H¥br and the probe DNA or mismatch binding
molecule are primary amino groups. [0057] For example, the surface of the vibrating element may be

reacted with[@0879!-bidiin sxaleglie tthatin@sca fetheobarnoup ctnoet engy te:reactadithichmetal layer,
and a biotin o':le%{ at thefthegi nd. Stre tavigslg which forms aéetramer of.fﬁur sutlliinits with four
biotin bindingqé‘? 2ol molesHis dptdws miesd LETQUR AL © cEhEFYHALLP HBIERLIEYSR binds to
the biotin resitidiesticaihaieismabilizestion sidfasedgtaandihes/pigbebiN avwbichneasfifbiatin moiety
attached at one end. Streptavidin has .a very strong binding, affinity for biotin, and is able to withstand
Stringent butAP RS INES b e BOHR, SHER A HBISL SRS o SR U35 FSbLst method
of immobilizing dhé ppabe Divbearito thé tesdnatorirebiairsuctade:dG0aBhia anatbeiliexarople,
sulfosuccinimido-biotin or maleimide-bigtin m e, used as a spacer molecule. The reactjve functional
gyt M o e AN o e e e
respectively Sorpsividiachhd arvapert8n@hintdiegdtiniaffifitybivoiecatel de tHideothavidnthallthe spacer
will e free to bind with an, avicin or streptavidin araup that max. b attache {0 ong nd gfcapture
molecule 16, ItYST ditec F’fy or through a §6¢6n spacer morscule sud

and robust method of immobilizing the probe DNA onto the resonator sensor surface.

[0058] In another example, sulfosuccinimido-biotin or maleimide-biotin may be
used as a spacer molecule. The reactive functional group, either the succinimide ester
or the maleimide group will react with free amino or thiol groups, respectively, on
surface 14 or layer 18, and the biotin affinity molecule on the other end of the spacer
will be free to bind with an avidin or streptavidin group that may be attached to one
end of capture molecule 16, either directly or through a second spacer molecule such

as a second biotin molecule covalently attached at one end to capture molecule 16.

[0059] A motion sensor 22 may detect the vibration of vibrating element 12.
Motion sensor 22 may for example be a non-contact optical sensor. Alternatively, in
order to induce mechanical motion and to sense such motion, both the excitation
source 20 and the resonator sensor 10 may include piezoelectric elements. Further, the
drive and the sensor may be combined or have common parts. For example, a
piezoelectric transducer may be mounted on vibrating element 12 for driving the

vibration and for sensing the vibration.

[0060] Motion sensor 22 is coupled to a detector 24, which has computational
ability to processes the information detecting by motion sensor 22, thereby measuring
characteristics of the vibration of vibrating element 12 and determining the frequency

response of the vibrating element. Detector 24 may be an instrument such as a



as a second biotin molecule covalently attached at one end to capture molecule 16. [0059] A motion
sensor 22 may detect the vibration of vibrating element 12. Motion sensor 22 may for example be a
non-contact optical sensor. Alternatively, in order to induce mechanical motion and to sense such
motion, both the excitation source 20 and the resonator sensor 10 may include piezoelectric
elements. Further, the drive and the sensor may be combined or have common parts. For example, a

piezoelectricansincah Y. DeIRRUAtSH IIREDatREvIRMaRT L2 for shiing tred vikyatignzand for
sensing the vibration. [0060] Motion sensor 22 is coupled to a detector 24, which has computational

ability to pro@RisE theenfofMativPe detdBaRERN bt Edhdspoy gibidpydsséisdutraiee Riracteristics

of the vibratigm gfivibfafingesicment hérad dsiarninddhnr doaatserexsdearanse of the vibrating
element. Detector 24 may be an instrument such as a 15 spectrum analyser, a lock-in amplifier, a

network ana phase locked loop, or a counter/timer. The type of instrument used will depend on
the dosiod SUUPAN of S EUY BIAE ARSI S SRt TR BRI RE PR usea, [0061]
As is known-ibpeiisoekalskill2ntifenary, eharfcteddics ofrifptevibration of svilfiating elerént 12 that
may be affected by a sample attached to surface 14 include resonant frequency, impulse response,
resonance AHINTHe! EH g UM EOR e Hr B IPHR AC R i SO S S, and
sharpness oéiieggnainspatoskipaskapessponvdlbprdersiond thiairphaseobresdautated Ayskdrparing the
output signal to the drive signal. The measured oscillation spectrum may be expressed as a plot of
ampitucle VIS S T S I e GE P SO B ) RSPl e using
the frequencaytienganatastliredasawicitl okthitatesospacaipeakat haléxifresseaximal pdighifof the peak.
[0062] In use, toO de(tiermine the resonance frequency response a baseline resgnant frequency
response of ViItatiy elehént T2 Measlre %lé%erésao y QS PIRISp i fo%nga%t&ﬁs f*10. On the
basis of a staljiechasedineinhehsdraplietoynarigsiadasiappdicdidihef shifi abiliace poalanckatésponse

parameters ¥¥li” théarf bﬁ ec r{jefdth[g%ﬁg Therefore, a change in the frequency response of vibrating
element 12 cah' be OBserve lﬁ)pon fBFmation of a mismatch binding molecule/heteroduplex DNA

[0062] In use, to determine the resonance frequency response a baseline resonant
frequency response of vibrating element 12 is measured before any sample is applied
to the sensor 10. On the basis of a stable baseline, the sample to be tested is applied.

The shift of the resonance response parameters will then be recorded.

[0063] Therefore, a change in the frequency response of vibrating element 12 can
be observed upon formation of a mismatch binding molecule/heteroduplex DNA
immobilized at the surface 14, if a mutation is present in the target DNA.  As the
mass loaded on vibrating element 12 is increased, such as by the complexing of a
mismatch binding molecule to an immobilized heteroduplex DNA, the resonant
frequency will shift to a lower frequency, allowing for detection of any binding of the
mismatch binding molecule to heteroduplex DNA. Amplitude and Q factor will also
decrease, since the immobilized heteroduplex and mismatch binding molecule will

have a dissipative effect on the resonance of vibrating element 12.

[0064] Generally, damping and energy dissipation are reflective of the
viscoelastic properties of a resonating body. Thus, when the mass loaded onto surface
14 results in changes in viscoelastic properties of the combine mass of surface 14 plus
additional immobilized sample, such changes will be reflected in both the resonant
frequency and Q factor. The effect on resonant frequency may be relatively small for

certain resonator sensor types, such as high sensitivity resonator sensors, and is



immobilized at the surface 14, if a mutation is present in the target DNA. As the mass loaded on
vibrating element 12 is increased, such as by the complexing of a mismatch binding molecule to an
immobilized heteroduplex DNA, the resonant frequency will shift to a lower frequency, allowing for
detection of any binding of the mismatch binding molecule to heteroduplex DNA. Amplitude and Q
factor will also decrease, since the immobilized he]tgroduplex and mismatch binding molecule will

have a dissipgtivg &ffastomiheiresenanss afvibiping alemrat 12pIRR64] Gengrale damring and

energy dissipation are reflective of the viscoelastic properties of a resonating body. Thus, when the
mass loaded SRR StirfaRYwr14 Tosunaith eHafgRsvitsAskotirshtgrs jeioedangsdobnsemass of
surface 14 pysshadditiensal immobilized sample, such changes will be reflected in both the resonant
frequency and Q factor. The effect on resonant frequency may be relatively small for certain resonator

sensor type as hjgh sensitivity. resonator sensors, and is 16 observed as a shift in frequency in
response toi@ﬁ app igﬁ g Ha §r8:flﬂgeel?ﬁé‘§%?{ai8ra§gn§t&f.aftﬁ8ﬁﬁ'?af8 & 37 Gisebelastic
changes is toaehbageddheoQraictae ticthediesanatahe @G dhectiampingthé \whjating eemhent 12 and
any attached sam f interest can be used to jndicate the pgsition of the mutation relative to the
cetuence OTHEErI A CRERT TS 1AL (8 0 SFFEOR A, BBy Hlec Shiean be
evaluated byvataseding emengyrtligsipaiion, disipinainiesistance asds@Qdactand QIrfuingrttie resonator
sensor 10 (Rodahl et al., Faraday Disc 1997) 107: 229-246; Calvo a ns. (1995)
01-2063-400)) DB E3P SRSt 0 S B b B RS gt e Miuenced. by
how closely thwvwismbictuhidding-awl€tats ))Dlosassdiihe surface 14 of element 12. Thus, the
closer the mutation site is to the end of a probe DNA that is immobilized onto the vibrational element

12, the lowe daﬁﬁmo L IRPRING ShoM! Qﬁsgﬁfﬂ?%%%ﬁel%? Hﬁ%%‘s?é{&ﬂi&ga(fé A MigMajeh binding
molecule. THus, measurement of these parameters, for example a change of dissipation factor
measured udny@QPOWID tesonsitmtdebisulingandieculsed tocatedtifythiveuntatstibh ofitderminis, the

induced enejgy lopg REr N [BasS iRAJGGAIRCHUMRCE (QR/RUCEP BEHYSEY DNA that is

immobilized onto the vibrational element 12, the lower the amount of damping should
be that is observed upon binding of a mismatch binding molecule. Thus,
measurement of these parameters, for example a change of dissipation factor
measured using a QCM-D resonator sensor, can be used to identify the mutation site.
Thus, the induced energy loss per unit mass loaded at the surface (AD/Af) can be used
as an indicator of the relative distance of a mismatch in the heteroduplex from the
surface 14 of sensor 10. The QCM-D technique is an extension of the traditional
QCM techniques in the time-domain. The technique measures frequency, f, and
energy dissipation, D, by periodically switching off the driving power over the crystal
and recording the decay of the damped oscillation. The time constant of the decay is
inversely proportional to D, and the period of the decaying signal gives f, allowing for

measurement of AD/Af.

[0067] Resonator sensor 10 can also respond to changes of mechanical properties
of the material contacting the surface of the sensor. For example, the stiffness of the
material loaded on the surface 14 or layer 18 can be measured. A heteroduplex
DNA/mismatch binding molecule complex immobilized on surface 14 or layer 18 will
have a different stiffness depending on the manner of formation of the complex. For
example, if an MBP such as MutS is used, the influence on the damping property
factors by the binding of the mismatch binding molecule will vary depending on

whether the binding is specific due to binding to a mismatch pairing, or whether it is



as an indicator of the relative distance of a mismatch in the heteroduplex from the surface 14 of
sensor 10. The QCM-D technique is an extension of the traditional QCM techniques in the
time-domain. The technique measures frequency, f and energy dissipation, D, by periodically
switching off the driving power over the crystal anj{ecording the decay of the damped oscillation. The
time constant of the decay is inversely proportional to D, and the period of the decaying signal gives f,

allowing for pgaguranentel ADREAPR6I REPNAOTRYASYatRuear. alsoresrend Wrehapges of
mechanical properties of the material contacting the surface of the sensor. For example, the stiffness

of the mateftaMEdHRIG N The sSPFRKERANONIaNRS TS CBATMETmdaEnieg. A HelliBelpIEesPINA/mismatch

binding molegxlergRmplsx M ekilizedenrutachddPulavpidd&wilonavs-aidifferanbatifipess
depending on the manner of formation of the complex. For exara%e, if an MBP such as MutS is used,

the influencéEiané ambifglpesserlyensEs SINPHIOBIRASE Sf i BrigateHs sasignetecule will
vary depending o)c whsthesdbe Rindingriz SRedfic.gee 19 MA@%&M#@@%@Q&% Qfwhether it

is 17 non-specific due to interactions with the DNA backbone. MutS can bind to homoduplex in a

sequence-néiesfraeiehrinthersysienhgrat sraively. l8dussrodurletufet 20vhBle xomakingdl greater
energy dissipgion, L{Q%V{@ﬁtigﬂ?llﬁﬁ{j@r@ﬁ@% SIRMERIn L 2n 8 HRIEBE Ll RBEIM AISSIRALRN IS

detectable béé‘neasurin energy loss per unit mass loaded onto surface 14 or layer 18 (OR/Of, where

R is also refleitiiaopft iRy BrtheussrTIE oY igBrqsH tsalhétsper Lgs| eReERY APNURS complex
will form a f@é&{m}ghbswuﬁﬂgeﬁyﬁﬁgﬁh%@ﬁagﬁyﬁ{@%&m%@ intrracions and thenfsading of the

DNA by the bound protein, which results in a smaller enelégq?/ oss by sensor 10 during vibration.

Basically, thEya#y $Ripansifs ofthse sonpositdheesisacied paisiposrachiagednsh sy withe adsorbed

material) can.gRaRYR-ABEs it 40 £hppge&s in the frequency response. [0068] The resonator
sensor 10 described above is useful for detecting mutations in a target DNA where the target DNA

containsa s ce that is generally complementary to the probe DNA sequence, but which
generally coﬁ‘?ﬁéﬁem% SERUaIES RS oS Grmbr! éfﬁtﬂﬁiBﬁ?”HNQérﬂ%ﬁ%tB}ng}étﬁBﬂgsas

compared toithe target DNA where the target DNA contains a sequence that is generally
complementary to the probe DNA sequence, but which generally complementary
sequence has one or more substitutions, insertions or deletions as compared to the
sequence of the probe DNA. Sample may be applied to surface 14 using a liquid cell,
which may be a flow cell, as is known in the art, or liquid may be pipetted directly
onto surface 14, either manually or using an automated system. A stable baseline is
first generated using buffer in the absence of any sample, after which the sample is

added. The liquid cell can form either a flow through liquid or stand still liquid.

[0069] Thus, in one embodiment there is provided a method of detecting a
mutation in a target DNA in which a capture molecule 16 immobilized on a resonator
sensor, for example resonator sensor 10, allows for detection of formation of a
heteroduplex DNA between probe DNA and target DNA through binding of a

mismatch binding molecule.

[0070] For example, capture molecule 16 may be a probe DNA which is
immobilized on a resonator sensor, like sensor 10, and which is hybridized with the
target DNA. The hybridized probe DNA and target DNA is then contacted with a
mismatch binding molecule such that the mismatch binding molecule will bind to the
hybridized DNA if there is a mismatch between the strands. The resonance
parameters of the resonator sensor are measured to determine if the mismatch binding

molecule has bound to the hybridized DNA.



sequence of the probe DNA. Sample may be applied to surface 14 using a liquid cell, which may be a
flow cell, as is known in the art, or liquid may be pipetted directly onto surface 14, either manually or
using an automated system. A stable baseline is first generated using buffer in the absence of any
sample, after which the sample is added. The liquid. cell can form either a flow through liquid or stand
still liquid. [0069] Thus, in one embodiment there i is d%rovided a method of detecting a mutation in a

target DNA i ih a ¢apYre MAIRCHS LR IBINRPIHARSHRA thrERANAI TREASAL,BE 8XamRle resonator
sensor 10, allows for detection of formation of a heteroduplex DNA between grobe DNA and target

DNA througUH@iigForos iinBitakh bitRIEE HEASEDFs: (U708 exi e 4capitrdiadietule 16 may

be a probe Q@k@tt@ﬂ'@hé%émm%“ﬁ?qt@r&cﬁlf@;%@%w tﬁﬁt‘%ssﬁh%%ﬂs@ c%%l’&ﬂi@ﬁ‘twyb”dlzed
with the target DNA. Thﬁg%@dlzed probe DNA and target DNA is then contacted with a mismatch
t

binding moleeults &iebe WH&f&tch binding molecule will bind to the hybridized DNA if there is a
mismatch between the strands. The resonance parameters of the resonator sensor are measured to
determine if [p@7R}smaseimbindirghmelestile Rambionod mNthefﬂ@ylbadialedaﬁiiﬁk ak8 iV I he site that

is to be tested for mytation in th tar DNA nucleotide, o nger
sequence. PSS DAL HSBOH! BoTbAh B R GHER o CbRRATRGF Soaquence
that is othenseserifagaplemeDtsry Kosthiechroing bNvnssatiensardQivy Pilandard daahaicialls for isolation
of DNA from a C#% ample are kﬁ? ?8& the art. Generalf%/i eIIs are Iﬁ)red and insoluble cell debris is
removed, foF‘%’S‘J Eﬁ RORHYEYatdn DRFR Kits TG LBImMnSTbr S e N e
commerciallyobrat akieactiieneakiviefyc Sdlfvced be metipitatbiranthodetdyisalacdia@®drganic solvent
extraction techniques followed by precipitation methods to isolate the DNA. [0073] The target DNA

may be DN edf friges Q%‘fif?&‘?t %eempt%&mt@p '%ﬁ'tﬁd”&&ﬁ“?&?”x‘%ﬁt@@t which is

desiredto b test d for e presence o A mutations or polymorphisms in’its genetic material. The
DNA may bepaiitainedivdorg aryoelis mititn,indidtual dasoledlitaghisi sesded Kior, theeprisdnesy ofung or

breast DNA mutations or polymorphisms in its genetic material. The DNA may be obtained
from any cells of the individual, including blood, skin, liver, kidney, lung or breast
cells. DNA may be obtained from a cancerous mass of a patient, such as a tumour
including a solid tumour, in order to detect mutations that may be specific to the
tumour but which may not be present in non-cancerous cells of the patient. As well,

DNA from cultured cells or cell lines can be extracted and used as target DNA.

[0074] The target DNA may be used in the form isolated from the cells.
Alternatively, the isolated DNA may be fragmented, for example, digested with one
or more restriction enzymes, to yield smaller fragments of target DNA that may be
easier to manipulate than unfragmented strands. The isolated DNA may also be used
as a template and amplified using standard amplification methods as are known in the
art, for example PCR amplification techniques or primer extension techniques.
Preferably, a high fidelity enzyme and stringent conditions are used if amplification
methods are performed, in order to minimize the introduction of errors into the
sequence of the amplification product. The amplification product may then be used as

target DNA in the present method.

[0075] The target DNA is hybridized with the probe DNA that is immobilized
onto the surface 14 of sensor 10. If the target DNA is double-stranded, it will be
necessary to melt the target DNA so as to provide single stranded DNA that will have

a strand that contains a sequence complementary to the sequence of the probe DNA.



cells. DNA may be obtained from a cancerous mass of a patient, such as a tumour including a solid
tumour, in order to detect mutations that may be specific to the tumour but which may not be present
in non-cancerous cells of the patient. As well, DNA from cultured cells or cell lines can be extracted
and used as target DNA. [0074] The target DNA may be used in the form isolated from the cells.
Alternatively, the isolated DNA may be fragmented, Tor example, digested with one or more restriction

enzymes, topligld spallarragmarss: obiargst MNAhal mayhg.casieriamanPwaiadhane
unfragmented strands. The isolated DNA may also be used as a template and amplified using

standard an{RisRSRPeth BB asfar SkHBWR iRTHEGL 0t ekaffpie PERteANfcerRrActeehniques or

primer extengign tachnigurbilZsalepakiy, dNgh fidelityaagymerndsivnoant aangitipasiaie used if
amplification methods are performed, in order to minimize the introduction of errors into the sequence

of the amplifleBRSHPISeEd PHEEFAPIFICAEbI DSt PRTE R 43408 28 5RJetSNACREthe present
method. [00T; A hsntarget dNA iDRYDLdized withothemiabatdhActiptisiimmeoRilizesch antpethe surface

14 of sensor 10. If the target DNA is double-stranded, it will be necessary to melt the target DNA so

as to providé&ige Relama &y BRRRiaL ANl Rabeddostrdhe thrarebrhiRRRC sl ifecBishBe mentary to
the sequencpeheneNpRoRe RN A ko TIHS AVRIGa dharRIBNRN Alisaente i e mAetRLre

sufficient to melt the double-stranded DNA, for example, heating to 95 C for 5 minutes, and contacted

with the imniSBifZe@lpiBpe BN LieRPPERATIR B oV khRohyBHRIIdiffoAT (Eha pRrEAH £d allowed to

cool so as tg, PR MbRIGIZ ptiaeReiweenihe pe DNA and the target DNA strands. The
hybridization temperature is chosen to be slightly below, for example 5 to 10C below, the theoretical

temperature r&) ﬂch t’i robe DNA is predicted tq hybridize to the target DNA, taking. into account
that the. regH00 £¥Ihe rLEaUL VBB BT UH B hobhae PR oR STt iorphiom is
present in theotatigiehDMad,[GtTedihp ehbyhatidiaationrisipey titereenin g s uitidlenoybristizationrl buffer. The
conditions used, including the salt concentration, detergent type and concentration and. temperature of
rybridzation A LA ke g er SER D B (R S SRS 1L

probe DNA and the degree of stringency required for hybridization. A skilled person

will understand how to vary such conditions to achieve hybridization of a specific

probe DNA to target DNA. The hybridization buffer will typically include

magnesium ions for stabilization of the highly negatively charged DNA molecules.

[0077] Once hybridized, the probe/target DNA duplex, which is immobilized on

the resonator sensor, is contacted with a mismatch binding molecule.

[0078] Most of the MBPs, for example MutS, recognize the 8 possible mismatch
base pairings (A:A, A:C, A:G, C:C, C:T, G:G, G:T and T:T). Therefore, an MBP
may be used as the mismatch binding molecule when all possible nucleotide
substitutions, as well as insertions and deletions, are desired to be detected by the
method. However, when a specific single nucleotide substitution is to be detected by
the present method, an SMBL that is specific for that particular mismatch may be

used.

[0079]  If the target DNA does not contain a mutation, it will form a homoduplex
upon hybridization with the probe DNA, and will not be specifically recognized by
the mismatch binding molecule. However, if the target DNA does contain a mutation
such that its sequence is different from that of the probe DNA, a heteroduplex will be
formed upon hybridization, which can be specifically recognized and bound by the

mismatch binding molecule.



probe DNA and the degree of stringency required for hybridization. A skilled person will understand
how to vary such conditions to achieve hybridization of a specific probe DNA to target DNA. The
hybridization buffer will typically include magnesium ions for stabilization of the highly negatively
charged DNA molecules. [0077] Once hybridized, the probe/target DNA duplex, which is immobilized
on the resonator sensor, is contacted with a mismatch binding molecule. [0078] Most of the MBPs, for

example MuEﬁosmognﬂ?e%&mﬁgM%@iﬁm@eh BASERAHHRS R Aith e MfFe BNE T GG, GT
and T:T). Therefore, an MBP may be used as the mismatch binding molecule when all possible

nucleotide RABEARVGENE As WEiPadhAseiibriroh Hsaambtibasdepleydnel Bnde Bettlidy B the

method. HowgvehWHemha&spesdiccairgle ausleolidaritbstitulion is thRe.deterigt dyyihaRresent
method, an SMBL that is specific for that particular mismatch may be used. [0079] If the target DNA

does not coriMaFRUMNON, ’hRilsh WiHompoteerdmsAnrhsrinisaaé Bifid ihe BRIBESNA, and will
not be specificadly#RcaakARd Byrdbe Mispatoh diadiremeiRCHIRabIOWaHRT. bt iaraebPNA does

contain a mutation such that its sequence is different from that of the probe DNA, a heteroduplex will

be formed UBBRHPbYREEtiBdMECRL s Ise dharilEBRyitetsEntbeduier sBowd By tHeh fdmatch
binding molegulg:20n[RORG dhatarrtastiegdetddemuamatcshingding:pral@gy!e vtk igpuplex DNA is

performed in a buffer that will not disrupt the duplex DNA, and in which the mismatch binding

molecule is $8aBI1BS SBRiBRa ety k@b GAfariass prlcinbumsrithe snerbeds oRngiRg BlRs: will vary
depending opthe mismalemMRAing JHQIETIS JSeitaTdranskitaet REYSON Wilkbeeakle 19 drtermine

suitable buffer conditions for a given mismatch binding molecule. If an MBP is used, the buffer should

be such thatPiFEHoRinIEhasdeihhsaadsrTondered mdlademowell hdeprisdirnjiBd MERiBP, it may
be pre-treategyifirenyipofagiaizdhaminflvemetheispocifinig of tindingrobibe,MBP. For example, the

specificity of MutS for mismatch DNA is increased in the presence of ATP, as will be understood by a
skiled persopycfiys. PIEUEARa ML, with ATE Wi RINIZS NOMSReFITS HIAGng L to the DNA
10 may be rinsed between steps of the present method as desired. For example,
surface 14 may be rinsed with blank buffer to remove any unbound mismatch binding
molecule after contacting of mismatch binding molecule with hybridized probe
DNA/target DNA, so as to remove any free mismatch binding molecule that may
affect the measurements of the resonance parameters. A skilled person will be able to
readily determine the desirability of rinsing, for example by including a control

resonator sensor having homoduplex DNA immobilized on surface 14 to determine if

rinsing is required to avoid a false positive measurement.

[0082] As will be appreciated, the resonance parameters can be measured both in
dry state or liquid environments. For the former, any buffer solution employed is
removed from surface 14 prior to measuring resonance parameters. Alternatively, the
resonance parameters can be measured while surface 14 is in contact with a buffer
under the same buffer conditions before and after binding of mismatch binding

molecule.

[0083] Once the target DNA is hybridized with the probe DNA immobilized on
surface 14 of sensor 10, and the mismatch binding molecule is allowed to bind to any
existing heteroduplex DNA, changes to the resonance parameters can be measured
and compared with resonance parameters as measured after duplex formation but

before contacting with the mismatch binding molecule.



[0081] As will be appreciated by a skilled person, surface 14 of resonator sensor 10 may be rinsed
between steps of the present method as desired. For example, surface 14 may be rinsed with blank
buffer to remove any unbound mismatch binding molecule after contacting of mismatch binding
molecule with hybridized probe DNA/target DNA, g0 as to remove any free mismatch binding
molecule that may affect the measurements of the'resonance parameters. A skilled person will be

able to readjppgaterming 1B desicakiiy At dnsinchJrE3pMPIRRLNGENG AfONIpknRsPNator
sensor having homoduplex DNA immobilized on surface 14 to determine if rinsing is required to avoid

a false positR/t hfeeinPipsd i oB2PALIRMBE SlsHreriat8d e PaEsdLPiraranRteis dh be

measured baiy ith JIBAFERIRL IS IBCRYHAnIENA R B iRrBe rwamY the fEap seluliRicemployed is
removed from surface 14 prior to measuring resonance parameters. Alternatively, the resonance
parameters dANTBEFRehshraacihilBesRrtaRsters iWith boRbser v ROBUMBA IR AE b @ EaE Buffer

conditions begfaengns@tienibinsling ahimiskrieh Rineipgumalestle nldlRRhAngadhaiaraetdONA is
hybridized with theé)robe DNA immobilized on surface 14 of sensor 10, and the mismatch binding

molecule is $HEHel N pinBRPAMYT SERINY FrteRsatTIRMBN ACMIAE g ¥t THe e S5ARGIESSparameters

can be measiech N caRaEshWildigs BN ea PR BiaERSREasEas altermivilgxfeamation but
before contacting with the mismatch binding molecule. 21 [0084] As noted, the resonance parameters

of the reson&fSF88HBL*dP& @ependent on the combined mass of the vibrating element, an
immobilized capture molecule and any molecule that may be hybridized and/or complexed with the
capture mol¢00B85] Thereéoresaatoangastt thecppablaett issaihbhecobire neeidupparhindiig of the

ismatch bindi lecule to thg immobilized het Jf a.mutation i tinthe target
ONA. Resortith SBTeCTC EAH oS AL ANG: euSabetd rdpUrEE TR adbesrose

stress upon
binding of a aniphiatth dincioglatiolecthle phike vfiraahilizash, hbteradilplaxDiALHOBbGIorhef resonator

sensor is cagabl of measu ing,the various ?,[ram;ﬁ?rs of. resonanc . vibration. Such 8arameters
. scillation an daménn Iﬂ%’% Y. e “oscillafion quality tactor refers to the
include the specific resonant frequ n<§/,

sharpness of resonance or frequency selectivity of a resonator sensor. That is, a high
oscillation quality factor indicates that the resonator sensor is very selective for
resonant frequency, and will resonate only within a very narrow range of frequencies.
A low oscillation quality factor indicates that the resonator sensor responds to a wide
range of frequencies surrounding the resonant frequency at which maximum

amplitude is observed.

[0086] As the mass loaded on the vibrating element is increased, such as by the
complexing of a mismatch binding molecule to an immobilized heteroduplex DNA,
the resonant frequency will shift to a lower frequency, allowing for detection of any
binding of the mismatch binding molecule to heteroduplex DNA. As described
above, resonator sensors respond to changes of mechanical properties of the material

contacting the surface of the sensor.

[0087] The damping of resonator sensor 10 can be used to indicate position of the

mutation relative to the sequence of the probe DNA.

[0088] If an MBP such as MutS is used, the influence on the damping property
factors by the binding of the mismatch binding molecule will vary depending on
whether the binding is specific due to binding to a mismatch pairing, or whether it is

non-specific due to interactions with the DNA backbone.

[0089] The mismatch binding molecule may be labelled, so as to enhance



amplitude of oscillation, the phase of oscillation, the oscillation quality factor of oscillation and the
damping property. The oscillation quality factor refers to the sharpness of resonance or frequency
selectivity of a resonator sensor. That is, a high oscillation quality factor indicates that the resonator
sensor is very selective for resonant frequency, and will resonate only within a very narrow range of
frequencies. A low oscillation quality factor indicates that the resonator sensor responds to a wide

range of freqiengies svHAKANGy R85 ARG AMRRCH Sl-WhICh MBI &MPNNdeTigobserved.
[0086] As the mass loaded on the vibrating element is increased, such as by the complexing of a

mismatch bitRIRlgPAYIBe R8s i apRistd hatsriwuptedorealon R {Bsdnimardy BBl shift to a
lower frequepgye@llewingriaesgtectipnRiarnn birding pithemigipatehbinding molppuede

heteroduplex DNA. As described above, resonator sensors respond to changes of mechanical

properties ofthe! MYt Rertasiriy traeRarbele of iecbarsab P pbsTyyrmstabapig rte nator

sensor 10 can iR HeRH t@iﬁﬂﬁ{%afﬁcﬁ&ﬁitwmoidﬂ‘%ﬁﬁytﬁﬁ%rﬁlﬁ‘iﬁ‘{zﬁéﬂ MeEsguRNceE thadrobe DNA.
[0088] If an MBP such as MutS Is used, the influence on the damping property factors by the binding

of the mismdbSEeBiSditfySiert enIE G/ e PaFRENSE B itk the misapicfiig g peelfeikie to

binding to a WisHatCb RRIERSH WNONIAT it 13B8-SRECHIC AUenig taractians with dhesfANA backbone.
[0089] The mismatch binding molecule may be labelled, so as to enhance 22 detection of binding by
the mismatcH BFRARES H Bstiebls Redvst eskpAatehanthbithay s Hatsdieeid i Hietety that

enhances def@etiaRcobthermismatehkingdinda soolaculsh by Refeasiadshanpass eictheiesanator sensor
surface. For examE]Iqe the label may be a heavy metal nanoparticle. Attachment of a heavy metal

nanoparticleteP oS HRSeE M ARRRI o fBMSATA A HESE R3S HhigPhateh tintahgvRdr dbfe, and

increase theEREcen MR IRIORAIEAARHMANIE mvIBEN dherBrsxalFIDdingMee phe dgcbound to
heteroduplex DNA. The label mai/ﬁbe' an enzyme that cleaves a substrate to produce an insoluble

product that BRCASitteL RS WhATBHGIREREER! M reminlal PIFRERIERS buffer in which the cleavage
reaction is performed is removed, such that the
[0090] As will be understood, where the mismatch binding molecule is labelled

with an enzyme that cleaves a substrate, unbound mismatch binding molecule is first
removed, including by rinsing surface 14 prior to adding cleavage buffer and substrate
so that a precipitate is formed only where mismatch binding molecule is bound to
hybridized probe DNA/target DNA. However, as will be understood, there could
remain unbound mismatch binding molecule at levels which would not result in any

detectable increase in mass once the substrate is added.

[0091] Once a given target DNA has been tested, the resonator sensor 10 with
immobilized probe DNA can be regenerated for confirmation of binding with the
same or different mismatch binding molecule or for reuse with a new target DNA,
using conditions that will disrupt interaction between the mismatch binding molecule,
and if desired, the interaction between duplex DNA and between the target DNA and
the immobilized probe DNA. For example, bound MutS protein may be removed by
washing with a buffer containing no EDTA and dithiolthreitol (DTT), which are
essential components required for MutS binding activity. The duplex DNA may be
dissociated by passing washing with a buffer containing denaturants such as dilute
HCI, dilute NaOH, or detergents such as SDS. Such denaturants will interrupt the
base pairing of the DNA duplex, removing the target DNA and leaving the
immobilized probe DNA available for hybridization with another target DNA. By

means of this recycling technique, comparison of loading of mismatch binding



deposition of the precipitate increases the mass on the resonator sensor due to the presence of
bound mismatch binding molecule. For example, the insoluble product may be a coloured or
chemiluminescent molecule that precipitates. [0090] As will be understood, where the mismatch
binding molecule is labelled with an enzyme that céaves a substrate, unbound mismatch binding
molecule is first removed, including by rinsing surface 14 prior to adding cleavage buffer and

substrate sobREAPIGHP RIS SIIPITEH AMBNGIRMIRNRIE iRAingQigce iRdRidEd

hybridized probe DNA/target DNA. However, as will be understood, there could remain unbound
mismatch bifeFFRS i damyégmEska DN Wy amberssanaivasfpsgetdetable increase in mass once
the substrate is added. [0091] Once a given target DNA has been tested, the resonator sensor 10 with

immobilized [0092] DNAaefbe regencsatrtafasconfsmationiaf bindingndth the, bampdatddifferent
mismatch binding molecule or for reuse with a new target DNA, usjng conditions that will disrupt
itoraction bERFSHIP R L BB P AGEIEC Ao B SEPEle TRSSa el duplex
DNA and bepusenctheni@egsthd Afaspdcifie dNMeYitia eidtprombe: MAchRRisexarepigpdasdnih MutS protein
may be remﬁ]ved ké)rq !vas ﬁ; with a buffer Containir[% no EDTA and dithiolthgei}ﬂ())l (‘[E)}T-I% which are
essential comPEISHRTEANGY 18P Mt by Bt AR URBNE by % TBaiekted by
passing washangcwliih ebibfiiertcontaipagcdedaiiranisysbchdkdilotenidcHil ditdt ey RRDNA detergents
such as SDS. Such denaturants will interrupt the base paijring of the DNA duplex, remoying the target
ONA and lodIg BEP R OB Be B DR B A RS R At AT e PE LSS DNA- By
means of thipregydlingeiechiplieue (ieomgat s/t ipadingaaf mismatiebthindinghdBranatecule onto
heteroduplex or ho,moduglgx DNA can be made without the need to, correct for varying probe DNA

density on the YeSYHBHF s QRS P18 J8 DS KERlES & MWhe ftd Mmidith 1S satelegonrsrhasurement
may be repegig tiy iaatstipgitheuTiERACININ GG Rolesiietifd Fycledmaition iR NA in the

presence and absence of specific ANTPs, to determine which bases are unpaired in a heteroduplex
DNA, 0 a5 BASSHEn a8 mf’naiN e A b HRETRESoh 94t CBMBHASHS bf haired

dNTPs may weiadgedne imaiepiizetetRiexidMash binding molecule.

[0093] A skilled person will appreciate that in the present method, capture
molecule 16 immobilized on surface 14 of sensor 10 may alternatively be a mismatch
binding molecule. Thus, a mutation in a target DNA can be detected by hybridizing a
target DNA with a probe DNA and contacting the hybridized probe/target DNA with

a mismatch binding molecule, which is immobilized on sensor 10.

[0094] The hybridization between the probe DNA and target DNA is generally
performed as described above, except that it is done apart from resonator sensor 10.
The duplex DNA, once hybridized, is then contacted with the immobilized mismatch
binding molecule using a suitable buffer that will not disrupt the duplex DNA or the

mismatch binding activity, as described above.

[0095] Measuring the resonance parameters, or obtaining a measurement of a
resonance parameter of resonator sensor 10 where capture molecule 16 is a mismatch
binding molecule, prior to contacting with hybridized probe DNA/target DNA may be
performed immediately prior to the contacting. However, a skilled person will
understand that, depending on the particular resonance parameter being measured and
on the type of resonator sensor used, this measurement may be obtained earlier, for
example, from a manufacturer or supplier of resonator sensor 10 onto which the

mismatch binding molecule is immobilized. However, it is preferred to obtain the first



and will pair with any unpaired complementary bases that are present in the duplex DNA. For
example, if the target DNA contains an A-*G substitution that results in a T:G mismatch base pairing
in the duplex DNA, dATP and dCTP can be contacted with the immobilized hybridized DNA prior to
contacting of the mismatch binding molecule. The binding of the dATP to the unpaired T and the
dCTP to the unpaired G will leave no binding site 5t the mismatch binding molecule. [0093] A skilled

person will appreGiaisHatiithe REcsaHMEhREnkRAMIC aFICISSHIS IS IMiBRbIIERd ap SeFface 14 of
sensor 10 may alternatively be a mismatch binding molecule. Thus, a mutation in a target DNA can be

detected by PYBIIBSIH SR B NISRENTRMANS SHtsctRSNES QRN e RIS thEm s iRAPEH Y dDe/target

DNA with a spisraatebhRincingimalestis. whishhisdmraokiigrepngensor 10. [0094] The hybridization
between the probe DNA and target DNA is generally performed as described above, except that it is

done apart f resongtor sensor 10. The duplex DNA, once hybridized, is then contacted with the
mmobiized INGHibton I Ag A NG 5 e el Der Uik T Ok ErGhIBOHE Ao DA or
the mismatchibmdiiog aetivtipnastdasdfipedfahove:t (o dMebsiKing the resanaohepatiameters, or
obtaining a measurement of a .res%nance parameter of resonator sepnsor 10 where §a§éture molecule

16 is a mismIBERC i BihY PRt EsAN SIS o B R G At BV YR A B S &' BRIADEE GO YSNA may be

performed infisn&dialiety jorfl cidenibasohtsiatng: tlolever, a skilled person will understand that,
depending on the particular resonance parameter being measured and on the type of resonator

sensor used easyrement may be obtained ier, fo a > fr nufactyrer or supplier
of resonator detjr?gj: 10%%r%%toa%%%%thcﬁqrﬁ%r%aﬁgﬂﬁﬁ%?ng?n% ggglufgﬁfésﬁ Prémo 1%?%%?%3&%/%, itis
preferred to tistainlshediipbis detatiore ménchundeoles sangete PiONetaaliagdleggigMeht conditions
as for obtainin e e ty.since eson r t e sitive to
environmen%ﬁ%&ﬁggfgfog&%éﬁ@%mggzga%ﬁﬁj %h&%%gﬁﬁﬁ)elf%? ?(?8%%]%@ %%%@%%Aﬁ%%y%e also be
labelled withfeequotsgutespomoidiyt tsamakiowadibr detesttidithofiBindintpdiiché beteirstiuplek DNA by the

mismatch bi@ﬁ#ﬁ%r'ﬂ@&%ﬂ‘ﬁ)@!{ iﬁﬁgal%m%mgmass on the resonator sensor surface, as described

above

[0098] The present methods allow for rapid detection of mutations, for example
those associated with DNA polymorphisms including single base substitutions within
a nucleotide sequence. These methods do not require the use of electrophoresis
techniques, which are time-consuming and usually require time-consuming staining
procedures or detection of labelled species. As such, the present methods are well
suited for high throughput processing and easy handling of a large number of DNA
samples. To assist in high volume processing of samples, the present methods may be

adapted for resonator sensor arrays.

[0099] Thus, multiple resonator sensors 10 can be arranged into an array 30.
FIG. 2 depicts a schematic of an array 30 in which multiple resonator sensors 10, for
example QCM-D resonator sensors, are arranged within a 48-well micro-titre plate.
FIG. 3 is a photograph of arrays of quartz type resonator sensors 10 that can be used
with microfluidic cells. = The use of microfluidic cells allows for a number of

resonator sensors 10 to be arranged into a small area.

[00100] Preferably, each resonator sensor 10 is located within a discrete
compartment, for ease of applying the same or different capture molecule 16 and
target DNA to each surface 14 of each vibrating element 12 of each resonator sensor
10. An automated system can be used to apply and remove fluids and sample to each

resonator sensor 10.



for labelling of the mismatch binding molecule. [0097] This approach of immobilizing the mismatch
binding molecule is suitable for polymorphism detection which involves target DNA containing long
DNA fragments, since binding of a larger heteroduplex DNA will produce a shift in frequency
response that is more readily detected than that produced by binding of a smaller heteroduplex DNA
molecule. [0098] The present methods allow for rapid detection of mutations, for example those

associated wgo oM POly QS BRISHRSIA GHAINESHTAHE HiBRe SURSHIUIP DS WIHHD 1R 8B atide sequence.
These methods do not require the use of electrophoresis technigues, which are time-consuming and

usually requite BFEhSaNtIAG St HHsEs Frd R bP Y SRIBEBN28f IS RGKRIS Mtiglch, the

present metheds A el Riwtad:fon highthrayahputapaeringandheadh andling,odailarge number
of DNA samples. To assist in high volume processing of samples, the present methods may be

adapted for F&BRBt2sendH VTS D8] SPistiaLRTLE § b ridtdrsssHE JROYONCEF Y dfranged into
an array 30. o iGleR AP temalivahamanay RAdnadshnsatinlesrernaiak sansees 10, for

example QCM-D resonator sensors, are arranged within a 48-well micro-titre plate. FIG. 3is a
photograph §¥3FRYs B gH3 1 saYeb RAEs MST ST BYihasERHBe BlSSHOWRHIRNESHTGHIlC cells. The

use of microffaigliceCilp RUIPS46R SchsbnReiRf aFRSORAIR8ENSPRLA tR-RE-@lTRNGAF Bt @oan small area.
[00100] Preferably, each resonator sensor 10 is located within a discrete compartment, for ease of

applying the SSYHE GHBRfAeHRECHBIIRMANSTEL Tl i it ¢ AN e dE9 e Rsa S SPA B Feach
vibrating elemgniri 9beaedb HREANANL3E ISP kv HOh A Rstomaiashaystam frndevgsshie apply and

remove fluids and sample to each resonator sensor 10. 25 [00101] Depending on the type of
resonator set&dr 3 6inglsdiciretdrmbidh theayrepds sadhiried i i thoepEh§eitexcitation source 20
and independent motion sensor 22 and detector 24 is used to drive and detect the vibration of each
vibrating eld0@M2R. Howe\dffacsingie exdiaorhsoimger 20hiqua séagmeootian sdosar 22 and
detector 24 may ?e us?d with muItiPIe resonator sensars. 10 With{ array 30. For :
etection of a given mutation may be immobilized on the surface 14 of respective
sensors 10. Each probe DNA immobilized in the array 30 may then be contacted with
the same target DNA. In this way it is possible to screen one target DNA for a large

number of possible mutations or polymorphisms at one time.

[00103] Alternatively, multiple resonator sensors 10 may be arranged in an
array 30 such that each individual resonator sensor has the same probe DNA
immobilized onto its surface 14. A different target DNA is hybridized with the probe
DNA on each respective resonator sensor 10. In this way a large number of target

DNAs may be screened for a particular mutation or polymorphism.

[00104] Multiple resonator sensors 10 within array 30 may also have a different
mismatch binding molecule immobilized on surface 14 of each resonator sensor 10,
where each mismatch binding molecule is selective for a particular mismatch. Such
an array is useful for screening a single probe DNA hybridised with the same target

DNA for specific mutations.
[00105] All documents referred to herein are fully incorporated by reference.

[00106] Although various embodiments of the invention are disclosed herein,
many adaptations and modifications may be made within the scope of the invention in
accordance with the common general knowledge of those skilled in this art. Such
modifications include the substitution of known equivalents for any aspect of the

invention in order to achieve the same result in substantially the same way. All



example, for a quartz crystal microbalance array, a separate electronic drive circuit may be coupled to
each sensor in the array, with each of the drive circuits coupled to a counter/timer or spectrum
analyser in order to detect shifts in the frequency response. For arrays of resonator sensors for which
optical detection of frequency response is used, a single detector which then reads each sensor
individually may be used. [00102] A different probe2 NA having a unigue sequence that allows for

detection of gg{¥eRIMMALRMAK bR HNMERIIZRE- QR e sulfaceift GhegspRClive.SaRRANS 10. Each
probe DNA immobilized in the array 30 may then be contacted with the same target DNA. In this way

it is possibleWe SEHO8A dive PFgeE NANASY askdthdn nilis36r 6f phisiBlschiRationdesy PshmsErphisms at
one time. [0Q}Q3lANternatively, multiple resonator sensors 10 may be arranged in an array 30 such
that each individual resonator sensor has the same probe DNA immobilized onto its surface 14. A
different targﬁésgm's bridized with the probe DNA on each respective resonator sensor 10. In this
way a large rget DNAs may be screened for a particular mutation or polymorphism.
[00104] Multiple resonator sensors 10 within array 30 may also have a different mismatch binding
molecule imi0§didZ¢d on Jurfacdolld wireactrngsionatdrdensond®, waverdcemeh paismadacly binding

molecule is selective for,a particular mj h. Such. an array.is usefulfor screening a single probe
oA hybric e T b B S e o v
herein are fullif inaoribyeiedyrtrefeyetatewit0 0k] Adtioudyh (ations emboidimdertsvefdhecdvention are
disclosed heggin,. m daptations an ification  madg within the scope of the invention
in accordar?g%%velthct %Ya(%rﬁ&ogﬁ%ﬂen%?a% En%gé\ﬁgﬂd'e 8?%%425 %éﬁ?eﬁﬁ th?és)qar%. ré%(u%gh %r%%n(j%ications
include the slibsthutidnaotiksiivoiatlivadeotbeibrlayey.aspeotcadnhet imequrtioy ivardeeasuashieve the

same result n, gbﬁ%%”%'%&ﬁ‘smam?d% 8 A&h&%ﬁ%g&‘:aﬂ dﬁ{é‘e fclermg ysedshergin have the
same meaning as commonly understood by one of ordinary skill in the art of this invention, unless
defined othéMdsariEXAVIBEBA$and the motional resistance was measured by a network analyzer

(S&A 250B Network Analyzer, Saunders and Associates, Inc. USA).

[00108] Thermostable MutS protein from the thermophilic bacterium Thermus
aquaticus (Epicentre Technologies, Corp.) was used as an example of the mismatch
binding protein. This protein was supplied in a 50% glycerol solution containing
50mM Tris-HCI (pH 7.5), 100 mM NaCl, 1 mM dithiolthreitol, 0.1 mM EDTA and
0.1% Triton X-100. Single stranded DNA binding protein (SSB) (Amersham
Bioscience Limited) and BSA (Sigma-Aldrich, St. Louis, MO) were used to minimize
non-specific MutS binding. Streptavidin (Sigma-Aldrich, St. Louis, MO)-biotin
chemistry was used to immobilize biotinylated DNA probes on to the surface of the

resonator.

[00109] Highly purified salt free (HPSF) oligonucleotides were from MWG
(Germany). The sequences of the oligonucleotides (see Table 1 below) were taken
from the 30 base regions surrounding the site of the sickle cell mutation in the human
B—globin gene. Both the oligonucleotides having the sequences identified as SEQ ID
NO.:1 and SEQ ID NO.:4 were prepared with a biotin label at the 5’ end and served as
probes (probe 1 and probe 4) to be immobilized onto the streptavidin-modified
surface. The oligonucleotide having the sequence of SEQ ID NO.:2 is fully
complementary to probe 1 and the oligonucleotide having the sequence of SEQ ID
NO.:3 contains a single base substitution (A—G) at the center, forming a T:G

mismatch with probe 1 (underlined in Table 1). The oligonucleotides having the



[00107] In the following examples, a bulk acoustic wave device, particularly a quartz crystal
microbalance (QCM), was used as one example of the resonator sensor. AT-cut, 10MHz quartz
crystals with gold electrodes (5.1mm) on both sides were used. These crystals provided mass
sensitivity of 4.4 ngcm 2Hz 1 for a rigid, evenly distributed and sufficiently adsorbed layer. The
resonant frequency was measured using the PznglsTM hardware and software from the Universal
Sensors, InGeliataitieriskd) FArandshs medons Fﬁ?.i%tad?EecWﬁEl@ﬁ%ﬁM?%b}%&eM@ﬁk analyzer
(S&A 250B Network Analyzer, Saunders and Associates, Inc. USA). [0010 J]Thermostable MutS
protein from $PRAHEShISHNEWESassa msTHEMs uY hiduaisndet hied itrd 2bd& Anologies, Corp.) was used
as an example of the mismatch binding protein. This protein was supplied in a 50% glycerol solution
containing SPABALErisiHCO(IEGSY CDEOMDECISEQUENTESthEOR, ORUPVEEOTANAD 0.1%
Triton X-100 ﬁll%g}]e ed DNA binding protein (SSB) (Amersham Bioscience Limited) and BSA
(Sigma—AIdri]é , ﬁiﬁ@ O) were used to minimize non-specific MutS binding. Streptavidin
(Sigma-Aldrich, St. Louis, MO)-biotin chemistry was used to immobilize biotinylated DNA probes on to
the surface of the resonator. [00109] Highly purified salt free (HPSF) oligonucleotides were from
MWG (Germany). The sequences of the oligonucleotides (see Table 1 below) were taken from the 30
base regions siteLdingSbgusitecof the sickle cell mutation in the human (3sglobib yEme. Both the
oligonucleotides-having-the-sequences-identified-as- SEQ1BD-NO-1-and SEQID-NO-:4-wete prepared
with a biotin Iat}éﬁ’%‘f’ﬂl@’]@”‘éﬂﬁ%nd served as probes (probe 1 and probe 4) to be immobilized onto
the streptavidinsmgdied sarace: Chreplgonudeatde texiagsthg sequence pf SEQ ID NQ.:2 is fully
complementary to probe 1 and the oligonucleotide having the sequence of SEQ ID NO.:3 contains a

single base subist iEﬁ%éCc??é& fé?,j%g%ﬁég tch with p7robe 1 (underlined in
Table 1). The [ofigpmucigetigles having the 27 sequences of SEQ ID NO.:5 to SEQ ID NO.:F are

complementaryto probe 4 but contained one to four bases insertio Via ined in Table
1. TABLE 1: g | !
3’-CGTGGACTGAGGACGCCTCTTCAGACGGCA-5’ 3

Insertion

5’-ACGGCAGACT TC TCCCCAGGAGTCAGGTGC-3’

3’- TGCCGTCTGAAGAGGCGGTCCTCAGTCCACG-5’
5’-ACGGCAGACT TC TCCCCAGGAGTCAGGTGC-3’

3’- TGCCGTCTGAAGAGGACGGTCCTCAGTCCACG-5’
5’-ACGGCAGACT TC TCCCCAGGAGTCAGGTGC-3’

3’- TGCCGTCTGAAGAGGGACGGTCCTCAGTCCACG-5’
5’-ACGGCAGACT TC TCCCCAGGAGTCAGGTGC-3’

3’- TGCCGTCTGAAGAGGGGACGGTCCTCAGTCCACG-5’

o B e I~ e ) W~ B V) B S

[00110] FIGS. 4-5 are schematic representations of the methods used in the
following Examples. FIG. 4 depicts the biotin/streptavidin immobilization of probe
DNA onto the resonator, as described in Examples 1-3 and FIG. 5 depicts the

immobilization of MutS protein, as described in Example 4.

[00111] Example 1—Detection of G:T Mismatch using Method I: FIG. 6
shows the frequency response of a QCM to a whole reaction procedure using the

method depicted in FIG. 4, starting from a biotin-thiol treated surface.

[00112] Briefly, streptavidin in PBS buffer (0.1 mg/ml) was immobilized on a



FORMATION Nucleotide SequenceSEQ ID NO.: Homoduplex DNA
5-GCACCTGACTCCTGTGGAGAAGTCTGCCGT-3'1
3'-CGTGGACTGAGGACACCTCTTCAGACGGCA-52 T:G Mismatch
5-GCACCTGACTCCTGTGGAGAAGTCTGCCGT=3'1
3-CGTGGACTGAGGACGCCTCTTCAGACGGCAZE'3 Insertion 5-ACGGCAGACT TC

TCCCCAGGHEEEARRICES st 1RGO GANMARECHILICARIF AT RR
5'-ACGGCAGACT TC TCCCCAGGAGTCAGGTGC-3' 4 3"

TGCCGTCTWANAEACETE BPAAET teaanlvs G dthiRSA totblack any possible

TCCCCAGGRE IfAG GuHale 31t midRC 66 Pl ifad @ @R GRS TidehCAHH AN
5'-ACGGCAGACT TC TCCCCAGGAGTCAGGTGC-3' 4 3"

TGCCGTCTBNRBYS cBEALc BrrdeTtins vescitanygdorinbritraiated 3 iy Kdhbwiktic
representatiopgnithe-eiepdsruses, indosmnpioying Exavmabest FG rdvilepistssthenbiosiniatreptavidin

immobilization of probe DNA onto the resonator, as described in Examples 1-3 and FIG. 5 depicts the

immobilizatiofiest Mt igretdiRy MMues Brbss Meekaione Ahishraonterathsisaeemetsh g G:T

Mismatch using-dethad frifa™ shovsiha eavansyprpansepia RuM triatvhelsraastion
procedure using the method depicted in FIG. 4, starting from a biotin-thiol treated surface. [00112]

Briefly, streptAVidiAtiA BBY BofPEE M) Al liz88bdrgm the stock buffer, using
Tris-HCI buffer). The subsequent application of the MutS protein produced a barely

detectable frequency response, indicating that there are negligible levels of non-

specific binding.

[00113] After switching the carrier buffer to HEPES, biotinylated probe 1 was
applied (1uM). After equilibrium, HEPES buffer was injected to rinse and remove
unloaded probe. Targeted DNA sample (SEQ ID NO.:2 or SEQ ID NO.:3) (5uM) was
then added and allowed to hybridize at room temperature. . HEPES buffer was then
injected to rinse the surface of the QCM. The resulting dsDNA was referred as
mismatch 0 (“MMO0”) or mismatch 1 (“MM1”), respectively.

[00114] The buffer was exchanged from HEPES to Tris-HCI was repeated after
the formation of dsDNA. Since there were no detectable loss of targeted DNA upon
the buffer exchange, Tris-HCI was then used as the carrier buffer for the subsequent
MutS-DNA complex formation. Since the MutS protein was stored in Tris buffer
with 50% highly viscous glycerol and 0.1% triton X-100, the small amount of
glycerol and triton X-100 in the diluted protein solution (for example 1:200 dilution)
resulted in a detectable frequency response. To eliminate the effect of viscosity
change effect during the MutS binding, MutS buffer blank was prepared. A new
baseline was created by this buffer at the same dilution as the protein solution. The
subsequent binding signal upon MutS application was attributed to the mismatch
recognition. After the MutS binding, the same buffer blank was applied to rinse

loosely bound protein.

[00115] FIG. 7 is a comparison of the formation of MM1 and MMO0O DNA and
the subsequent MutS binding. The single base substitution in the target DNA did not

result in detectable discrimination during the hybridization, while the subsequent



28 surface which was first reacted with a biotin-thiol molecule based on biotin- streptavidin interaction.
BSA was then applied (5mg/ml in PBS) to block any possible free gold surface that might be present
due to the low biotin self-assembled monolayer coverage. The baseline was determined using
circulated Tris-HCI buffer (20mM Tris-HCI, pH 7.5, 200mM NaOH, 1mM DTT, 0.1mM EDTA, and
5mM MgC12), followed by MutS buffer blank along, which contains the same amount of glycerol and

Triton TM X{Q0sa%iRdig MHER Rioteivisamalerewhich fHrhemceniaing Mubamt ailingl-eancentration of
100nM (diluted 1:200 from the stock buffer, using Tris-HCI buffer). The subsequent application of the

MutS proteirf35f98iitiea ahbtyodiatitthnidsrabrarryoreshdhe Vi banig et MO & Aegligible

levels of nony, speéifieHinding 1 f0AL 13l AftabswitchinentheiealigsRuiride diER kendiqtipyiated probe 1
was applied (1M)Ngfi3er equilibrium, HEPES buffer was injected to rinse and remove unloaded probe.
I

Targeted DNP¢ qepensoNOIP ettty marest s1-mns shsl inEH HE Y dntldHdwd to

hybridize at ragm teRPIGHIIE. isHERRSPUHehNASHRRN 1A denineadbersuriara pfike QCM. The
resulting dsDNA was referred as mismatch Oﬁé‘)‘MMQ") or mismatch 1 ("MM1"), respectively. [00114]

The buffer wASRERRISY AN oM E SapisXT kPRI vEerdife sy et e foioatfoPrek 8DNA. Since
there were ngdgtgelaRiadess. oftarapiadRNALURRakRGI VLS ayshipnas. Jiig-MMovaxthen used as

the carrier buffer for the subsequent MutS-DNA complex formation. Since the MutS protein was

stored in Tri€HuffaR With 588 Migheinato b MroraRt Er iy MtoRrkiaelaireshaMmdunt of
glycerol andgrimXw#8Q thilhe Atpterhpratemrofistaniisrexaimpls 16200 dilvtipmhsggvited in a

detectable frequency response. To eliminate the effect of viscosity change effect during the MutS
binding, Mut'bUREPEREMMINEvared. A new baseline was created by this buffer at the same
dilution as the protein solution. The subsequent binding signal upon MutS application was attributed to
the mismatc[00dd6jnition AAtientiva MxipSriiedin indhatsdnieabulie rpbtdrkinas bippbddstasinse loosely

bound proteif, 001l FlChybis SO BRAUSESOMRT ORI P hM A MMM 20
5nM. At any concentration in the range from 5uM to 5nM, discrimination of the
MutS binding signal to MM1 and MMO DNA was obtained. Since at low target
concentration the immobilized probe was not saturated, the MutS binding signal was
attributed to both the mismatch recognition and nonspecific adsorption on ssDNA.
For MM target at 50nM for example, it was believed that only ~30% of the ssDNA
probe was occupied. The direct application of MutS right after hybridization resulted
in a 95Hz of frequency shift. In a comparison experiment, SSB (400nM) was applied
to block the remaining ssDNA probe. The subsequent MutS binding resulted in only
78Hz of frequency response. If the discrimination of the MM1 and MMO is the
concern, one can ignore the nonspecific adsorption issue as the difference in signal is
low (a direct MutS adsorption signal on ssDNA without target hybridization was not
more than 30Hz) and occurs equally in both cases. If one wants to know exactly the

mismatch recognition signal, it is necessary to block the surface with SSB.

[00117] When the concentration of the target DNA was further lowered down
to where the hybridization was not detectable, for example at 0.5 nM, MutS binding
on MM1 was still significantly detectable when compare to that on MMO DNA at the

same concentration.

[00118] Example 2—Detection of 1 to 4 Deletions: In this example, probe 4
was immobilized and target DNAs (SEQ ID NOS.:5 to 8) (1uM) were hybridized to

form heteroduplexes containing 1 to 4 unpaired bases. Again, the hybridization profile



the subsequent MutS binding. The single base substitution in the target DNA did not result in
detectable discrimination during the hybridization, while the subsequent 29 MutS binding showed a
clear difference in both binding amount and profile (association and dissociation). The observation of
the MutS binding on MMO DNA was not surprisin @S the clamp domains in the MutS protein has
certain contact with the DNA backbone in a non-s% cific manner (Lamers et al., Nature 2000, 407,

711- 717). ThisweQtagt innawevar wsakes thamthasvaiogenidands formedndhewhgtergduplex
DNA-MutS complex. Upon rinsing, the frequency tended to rise back to the baseline levels. To

eliminate the'WinaareidNSSPiaREB R HRATRIE D DeAenem i Lpthuths AdligeABYuRiétAe MutS

specificity, by; RagIRHRAIBITHE MRS RHALRIB W Y Rpdh&MEbiRAE A HRIRdS only to
the mismatched DNA but not to the MMO DNA. [00116] A titration experiment indicated that the

probe-immoBifgetPEEN §BRPRBENY Sersd Whk HyBRaish DN AT & M¥oFHbWAHS the
concentratiofuRha el ONGQY, GoReaNiRationl the rRgsdieeM dendiMngdiscriminalion:efithe MutS

binding signal to MM1 and MMO DNA was obtained. Since at low target concentration the

immobilized PteNFEs Hoedablatet, 1Ak aAYoiding igni Weedy attisoinelifier s ipingismatch

recognition aifEHQES RECIKIELESISEERHIRA O NS SRNAent OfaMMEJArasi ey fonexampldh was
believed that only -30% of the sSSDNA probe was occupied. The direct application of MutS right after

hybridizatior F&aRERISH 21881956t AtiselstsrirsInsHiREmpRRTasidR hsrineppisd Bat6GhM) was
applied to blogkgdie-cepagining falNAl BrbE> Thenphlegauent Mt dindinaiipiestadiinzosly 78Hz of

frequency response. If the discrimination of the MM1 and MMO is the  concern, one can ignore the

nonspecific Ad%BPRHEH Rasge dbrdwitrdradng imvaigless st @W&PWL&S"E&SSFHUBHH §nal on

ssDNA withilarget YR HbiAEIQRVIES BObriteie RPS38HzA) 9nd occurs equally in both cases. If one
wants to know exactly the mismatch recognition signal, it is necessary to block the surface with SSB.

R e A R S SR I ey

detectable when egapaketo dat@QGNY M dONLaatyihg a DNA heteroduplex containing two
unpaired bases, CA, was connected to an S&A 250B Network Analyzer (Saunders &
Associates, Inc., USA). The oscillation spectrum of the QCM before and after MutS
binding was recorded (FIG. 10). FIG. 11 shows the kinetic curves of the frequency
(A) and motional resistance (B) changes upon MutS binding on the unpaired CA
DNA and a homoduplex DNA. The ratio between AR and AF for the MMO (0.033)
was greater than that for the unpaired CA (0.025). This difference is believed to relate
to the different nature of the MutS binding to homoduplex DNA as compared to
heteroduplex DNA. The adsorbed protein based on non-specific contact with the
MMO DNA backbone tends to be more flexible when compare to that based on

unpaired bases recognition.

[00120] Example 4—Detection of G:T mismatch: In this method, as depicted in
the schematic of FIG. 5, the MutS protein was immobilized on a gold electrode by
physical adsorption. A thin polystyrene film was prepared on the electrode by
dropping 5ul of polystyrene solution (Smg/ml in toluene) on to the electrode. Upon
evaporation of the solvent, a thin layer of polystyrene was left behind. The resulting
film was heated for 10 min at 90°C to enhance the adhesion. 10ul of MutS solution
(400nM in Tris-HCI buffer) was applied for incubation for 2 hours. After washing and
drying the surface, the amount of the immobilized MutS protein can be calculated

through the frequency change.



same concentration. [00118] Example 2-Detection of 1 to 4 Deletions: In this example, probe 4 was
immobilized and target DNAs (SEQ ID NOS.:5 to 8) (luM) were hybridized to form heteroduplexes
containing 1 to 4 unpaired bases. Again, the hybridization profile 30 between the MMO and unpaired
DNA showed no significant difference, while the slu51 sequent MutS binding shows obvious difference
in both the binding amount and binding kinetics. The consequent response frequency upon MutS

binding thesBRAIas SRIANNPRITERLEAN SOXA PRI Gh AN (WA CAG iand 70z

(unpaired CAGG), which indicates that heteroduplexes containing 1 to 4 unpaired bases were

detectable, BUt@P 1y viBel. 2rind RERD MNfeSo?ciftd ringy BB ddrasties JMemEtyEsulting in
different satyyafionam@unts GIAVIES 10N 8RCH hatesedunleyoShaoudesRfthedetastian saasitivity

appeared to be 2 unpaired bases > 1 unpaired base > 3 unpaired bases > 4 unpaired bases. For the

heterodupleXQEPBsOV A hpRiPEa Bed A cond S IHamy trawredssising kiree By With Tris

buffer couldeeNiinn sigpNigariieea of IRFateiN(EAzwng andNiiEOpHIahExampleRpYQioRal
Resistance Measurement of MutS Bindin%:glgI this experiment, the QCM sensor carrying a DNA

heterodupleX toHfaintRPirsiudibraiadtha SAM AN Gy a¥as srRbEte P15 ah BSEAI 0B Ndigk Analyzer
(Saunders &hAgQAfiaERS, dRSp, Wi/ DoHNevARdilIAOR HeesiiuBa %fytfﬁ%rQﬁéMfRefﬁﬁ%iﬁ%dﬁﬁei MutS

binding was recorded (FIG. 10). FIG. 11 shows the kinetic curves of the frequency (A) and motional

resistance (Bf¥HaR5EYS toffaderachidinn g ah B znbisrainsing HRNNHYRNHOMEUIHMN ENA. The

ratio betweepr&iR2RghAd- iRy NBIMMRQACRB3btWess diratridhan tRatforAbsuipasegie:Ai(0.025). This
difference is believed to relate to the different nature of the MutS bindinﬂ?@t@)F homoduplex DNA as

compared to>HRfeFoaUTe Ebfal 2o d, d2o HEGTERG fehs B8N h S PAMACSEBKLREAIS the MMO

DNA backbafgrtends R hieicaer ¢ fRxpehemcompare to that based on unpaired bases recognition.
[00120] Example 4-Detection of G:T mismatch: In this method, as depicted in the schematic of FIG. 5,

the MULS proigya pegs Immebiized on &,90ld electiage, by PIYSIFR AUSIRYOR AR BRURYrene film
was prepared on electrodé by

the exemplary embodiments described herein are possible. The invention, rather, is

intended to encompass all such modification within its scope, as defined by the

claims.



dropping 5l of polystyrene solution (5mg/ml in toluene) on to the electrode. Upon evaporation of the
solvent, a thin layer of polystyrene was left behind. The resulting film was heated for 10 min at 90C to
enhance the adhesion. IOul of MutS solution (400nM in Tris-HC1 buffer) was applied for incubation for
2 hours. After washing and drying the surface, the_amount of the immobilized MutS protein can be
calculated through the frequency change. 31 [00121] dsDNA was prepared in solution. The same
amount of okgePAEPYEEATMEHAYOS.:1 and 2 and SEQ ID NOS.:2 and 3 were mixed together. The
mixtures were heated at 90C for 10 min to remove the possible secondary structures. The solutions
were then allowed to coo%ﬁfé)wn tg room temperature slowl a%m‘e? MMQ .and MM1 dsDNA formed.
The QCM caying tHd RIERS SRS AL @ BBl fo SR AGBBR Efiforium, the MMO DNA
was applied. Over a period of -50 minute the frequency drop was 30Hz which might be caused by
nonspecific bindingottemandViMirsDMAgstirerfraquencycsvopvapat@inetcAften nesingishecdhAO DNA was
removed areaty while (e M3 RN i nahioss oguish as e RNAMUS complex s stable
enough (FIG. ¥ ) an(ﬁhe différence between MME and Mw signa came  more was significant
with a factorsoffads, [0012 Djréts daN Aamnudnsieddobysaidesskiliet) mitherahe Maldy mybdifications to the
exemplary ew%g)giﬁlrere\%ﬁgcribed herein are possible. The invention, rather, is intended to
encompass all sich modification within its scope, as defined by the claims. 32 WHAT IS CLAIMED IS:
A method of detecting a mutation in a target DNA comprising: obtaining a first measurement of a
resonance parameténgicanasBigatorosehzest, rsahe r@gﬁﬁaﬁﬂgséﬁgé? kN hgvathibratigesment, said
vibrating elegigmt,Bayiig.aisurface, and a probe DNA immobilised on said surface, said probe DNA
hybridized with a target DNA; contacting the hybridized probe DNA and target DNA with a mismatch
binding molecule; .

obtaining a second measurement of the resonance parameter of the resonator

Sensor;
and comparing the first and second measurement of the resonance parameter.

2. The method of claim 1 wherein the resonator sensor comprises a bulk
acoustic wave device, a quartz crystal microbalance, a surface acoustic wave device, a
flexural wave plate, a piezoelectric thin film, a quartz tuning fork, a MEMS resonator,

a membrane, a bridge, a suspended masses or a cantilever.

3. The method of claim 1 wherein obtaining comprises measuring resonant
frequency, impulse response, resonance amplitude, phase, quality factor, damping

property, energy dissipation, response spectrum or sharpness of resonance.

4. The method of claim 1 wherein the mutation is a single base substitution, a

deletion of 1 to 4 bases, or an insertion of 1 to 4 bases.

5. The method of claim 1 wherein the target DNA is extracted from a cell from
a patient.
6. The method of claim 5 wherein the cell is a blood cell, a skin cell, a liver

cell, a kidney cell, a lung cell, a breast cell or a tumour cell.

7. The method of claim 1 wherein the mismatch binding molecule is a

mismatch binding protein.

8. The method of claim 7 wherein the mismatch binding protein is MutS from



obtaining a second measurement of the resonance parameter of the resonator sensor; and comparing
the first and second measurement of the resonance parameter. 2. The method of claim | wherein the
resonator sensor comprises a bulk acoustic wave device, a quartz crystal microbalance, a surface
acoustic wave device, a flexural wave plate, a piezqelectric thin film, a quartz tuning fork, a MEMS
resonator, a membrane, a bridge, a suspended mg ses or a cantilever. 3. The method of claim |

wherein obtaiging,¢OMPUSES MARSHENG BERNRANG I PRI WSEHASRONTE HESQNABRE amplitude,
phase, quality factor, damping property, energy dissipation, response spectrum or sharpness of

resonance. 27TFREMEHS @8I Fwherein the mutation is a single base substitution, a deletion of |
to 4 bases, or an insertion of | to 4 bases. 5. The method of claim | wherein the target DNA is extracted
from a cell from a patientnfetidie ofethgichofl chativrbivheeeinitheaesll sialblgocherRibueskincell, a liver
cell, a kidney cell, a lung cell, a breast cell or a tumour cell. 7. The method of claim | wherein the
mismatch biﬁ&'?ﬁ{&ﬂ?o‘i‘é‘gm%t?éilﬂﬁﬁi% A%inding protein. 8. The method of claim 7 wherein the
mismatch binding protein is MutS from 33 Escherichia coli, Salmonella typhimurium or Thermus
aquaticus, ol HexA froim 18¢tepdoch cbum Phebremidbe Syithetimetiodatttclaindidgiihgmeinigsre mismatch

binding molegule.is nthetic mism ht%ndi_n ligand. 10, The method of claim 9 wherein the
synthetic i B S B I L AR i or an
aminonaphtlymidine dimer. 11. The method of claim 1 wherein the probe DNA comprises a

non-disease sequence of a genetic marker. 12. The method of claim 11 wherein the genetic marker is

a marker for gancer, f{bereagiaresisihgat dierse (iapRIES SXSUCHRIgsECn Alnaimass disease.

sequence of a genetic marker.

12. The method of claim 11 wherein the genetic marker is a marker for cancer,

atherosclerosis, heart disease, diabetes, cystic fibrosis or Alzheimer’s disease.

13. The method of claim 1 wherein the probe DNA is immobilized on the
surface of the vibrating element through a reactive functional group attached at one

end of the probe DNA.

14. The method of claim 13 wherein the reactive functional group is a thiol
group, amino group, carboxylic acid group, hydroxyl group, phenol group or

phosphate group.

15. The method of claim 1 wherein the probe DNA is immobilized on the
surface of the vibrating element through an affinity binding molecule attached at one

end of the probe DNA.

16. The method of claim 15 wherein the affinity binding molecule is biotin,
streptavidin, avidin, an ATP analogue, an ATP binding domain, or a 6-histidine

peptide.

17. The method of claim 1 wherein the mismatch binding molecule is modified

with a heavy metal nanoparticle.

18. The method of claim 1 where the mismatch binding molecule is modified

with an enzyme that cleaves a substrate to produce an insoluble product.



13. The method of claim 1 wherein the probe DNA is immobilized on the surface of the vibrating
element through a reactive functional group attached at one end of the probe DNA. 14. The method of
claim 13 wherein the reactive functional group is a thiol group, amino group, carboxylic acid group,
hydroxyl group, phenol group or phosphate group, 15. The method of claim 1 wherein the probe DNA
is immobilized on the surface of the vibrating elemse t through an affinity binding molecule attached at

one end of the proberNAeh6d HreimnstiadhetGlaim taswheseinibe- 2iinfyiindipamnakeeyle is biotin,
streptavidin, avidin, an ATP analogue, an ATP bindinggdgomain, or a 6-histidine peptide. 17. The

method of cESPAMERMETRIATHETRNERIHE AT §11H 3 SEtlifESTY PIoaR ERN AV ithi mmeaizZadeea 2
nanoparticleg 8, Ehg methiad:f dlaient ¥hake theomissPatalRinfing malecie wharedifigen with an

enzyme that cleaves a substrate to produce an insoluble product. 34 19. The method of claim 1
wherein the PEQRMEYIASSASGridirrat Hads theptamgity et ator sensors arranged in an array and a
different probe DNA is immobilized on a surface of a vibrating element of each resonator sensor in the

array, and wh@rein eagb rpectarl DNAaisnhy bridized thithctoasamedargedAc 20 plialiyesiiod of claim

1 wherein th t ' lurality of t . di d
tne Same prOBSIOA 1HIMGHISEH o 4" UICH PR B unt o BHGRTBE At sencor i

the array, anaimMiverethaavdiffeiientiarget DN hybridine daidbrihe robedyNéndrwvdaidisurface of said
vibrating ele t of said e resonator.sensor. 21. A method of detecting a muytation. in a target DNA
comprising: SHIEIMic A HF R Aer S BT Db AR o e Br LG Shrdoy. sar
resonator sevibadtha\véhgrevilbfaiing caldnmesinsaicsyilsoating element having a surface, and a mismatch
binding molecule immobilised on said surface; contacting the mismatch binding molecule with a

hybridized pﬂbe DN'& %‘ijhod of detecting a mutation in a target DNA comprising:

obtaining a first measurement of a resonance parameter of a resonator sensor,
said resonator sensor having a vibrating element, said vibrating element having a

surface, and a mismatch binding molecule immobilised on said surface;

contacting the mismatch binding molecule with a hybridized probe DNA and
target DNA;

obtaining a second measurement of the resonance parameter of the resonator

Sensor;
and comparing the first and second measurement of the resonance parameter.

22. The method of claim 21 wherein the resonator sensor comprises a bulk
acoustic wave device, a quartz crystal microbalance, a surface acoustic wave device, a
flexural wave plate, a piezoelectric thin film, a quartz tuning fork, a MEMS resonator,

a membrane, a bridge, a suspended masses or a cantilever.

23. The method of claim 21 wherein obtaining comprises measuring resonant
frequency, impulse response, resonance amplitude, phase, quality factor, damping

property, energy dissipation, response spectrum or sharpness of resonance.

24, The method of claim 21 wherein the mutation is a single base substitution, a

deletion of 1 to 4 bases, or an insertion of 1 to 4 bases.

25. The method of claim 21 wherein the target DNA is extracted from a cell



target DNA,; obtaining a second measurement of the resonance parameter of the resonator sensor;
and comparing the first and second measurement of the resonance parameter. 22. The method of
claim 21 wherein the resonator sensor comprises a bulk acoustic wave device, a quartz crystal
microbalance, a surface acoustic wave device, a 2e ural wave plate, a piezoelectric thin film, a quartz
tuning fork, a MEMS resonator, a membrane, ab '§g<|e, a suspended masses or a cantilever. 23. The
method of claism, 21 whsrein obtaining comprises measuring resonant frequency, impulse response,
resonance amplitude, phase, quality factor, damping property, energy dissipation, response spectrum

or sharpness of resopance. 24. Trge ethod of claim 21 wherein the mutation is a sjngle base
cubsttLtion 26 delet oA BhEEATor o IR GIGEL 1 3 DS STk G P 21
wherein the targeatibdwyis@ktrdatecckior Bregdt 38 ifeer @rpatiead126. The method of claim 25 wherein
the cell is a blood cell, a skin cell, a liver cell, a kidney cell, a lung cell, a breast cell or a tumour cell.

27. The metEgpI of claim Zle%h(areip qu%gi?mat%% bigditﬂg rpnoIeCl{I i mismatﬁtréutiindgng protein. 28.

eiga
The method of claim 27 wherem the mismatch mélerl]g protelﬁslrgal\/?utélf?glr%g Eschetichia coli,

Salmonella typ$imaghidnmding Ipevtains aquaticus, or HexA from Streptococcus pneumoniae. 29. The
method of claim 21 wherein the mismatch binding molecule is a synthetic mismatch binding ligand.

30. The methgd of clayp ZROPEFIEIING SYNRGHS MIRMAGHANANAHIZARD ISR ORI Wodne dimer, a

naphthyridine-azaquinolone hybrid or an aminonaphthyridine dimer. 31. The method of claim 21

wherein the ff6he DNA cofprdeyacion béaysse iehbe ol gareticuhafkeHSA THemethod of
claim 31 wheyeinihe 9e0eticmarkge is a marker for cancer,

29. The method of claim 21 wherein the mismatch binding molecule is a

synthetic mismatch binding ligand.

30. The method of claim 29 wherein the synthetic mismatch binding ligand is a
naphthyridine dimer, a naphthyridine-azaquinolone hybrid or an aminonaphthyridine

dimer.

31. The method of claim 21 wherein the probe DNA comprises a non-disease

sequence of a genetic marker.

32. The method of claim 31 wherein the genetic marker is a marker for cancer,

atherosclerosis, heart disease, diabetes, cystic fibrosis or Alzheimer’s disease.

33. The method of claim 21 wherein the mismatch binding molecule is
immobilized on the surface of the vibrating element of the resonator sensor through a

reactive functional group on the mismatch binding molecule.

34. The method of claim 33 wherein the reactive functional group is a thiol
group, amino group, carboxylic acid group, hydroxyl group, phenol group or

phosphate.

35. The method of claim 21 wherein the mismatch binding molecule is
immobilized on the surface of the vibrating element of the resonator sensor through

an affinity binding molecule attached to the mismatch binding molecule.

36. The method of claim 35 wherein the affinity binding molecule is biotin,



atherosclerosis, heart disease, diabetes, cystic fibrosis or Alzheimer's disease. 33. The method of
claim 21 wherein the mismatch binding molecule is immobilized on the surface of the vibrating
element of the resonator sensor through a reactive functional group on the mismatch binding
molecule. 34. The method of claim 33 wherein therégactive functional group is a thiol group, amino
group, carboxylic acid group, hydroxyl group, phenof group or phosphate. 35. The method of claim 21

wherein the gismathdindiag melegtlp isnimmrbilized op thadHHagsefitheviRratingrlgment of the
resonator sensor through an affinity binding molecule attached to the mismatch binding molecule. 36.
The methodRsPéidEm 35 wherein the affinity binding molecule is biotin, 36 streptavidin, avidin, an ATP
analogue, an ATP binding domain, or a 6-histidine peptide. 37. The method of claim 21 wherein the

mismatch biading molaeul@dshdmroobiizied throwgteiysital adsertivontiadhe suifdeailf the vibrating
element of the resgqnator sensor. 38, TQe method of claim 37 w%e ein the surface of the vibrating
cloment 15 AT AT A GOAER HNA08 ST e th 8 OF A o NPT RRIEREl HiF
nitrocellulosegsplystyeases;. polyethylene, or nylon. 40. The method of claim 21 wherein the probe DNA
is modified with a heavy metal nanopatrticle. 41. The method of claim 21 where the probe DNA is

modified with an enzyme gt qegves a substrate 18 %%dyu%?a?en SISRIRIG Rrogh el A, he method of
claim 21 whérein the resonator sensor comprises a plurality of resonator sensaors arranged in an array
and a differesttamaismebch fsihaireg fwlecule is immobilized on a surface of a vibrating element of each

resonator sensor in the array and wherein the same hybridized probe DNA and target DNA is

contacted wifp each-rismatghpingingmplesiile k3eif reROPRIOHRE NEAL CRMRIIRN G ulose,
polystyrene, polyethylene, or nylon.

40. The method of claim 21 wherein the probe DNA is modified with a heavy

metal nanoparticle.

41. The method of claim 21 where the probe DNA is modified with an enzyme

that cleaves a substrate to produce an insoluble product.

42. The method of claim 21 wherein the resonator sensor comprises a plurality
of resonator sensors arranged in an array and a different mismatch binding molecule
is immobilized on a surface of a vibrating element of each resonator sensor in the
array and wherein the same hybridized probe DNA and target DNA is contacted with

each mismatch binding molecule.
43. A resonator sensor comprising:
a vibrating element having a surface;

a probe DNA immobilized on said surface, said probe DNA capable of
hybridizing with a target DNA;

an excitation source for vibrating said vibrating element; and

a detector for detecting a change in vibration of said vibrating element
indicative of binding of a mismatch binding molecule to said probe DNA when

hybridized with said target DNA to form a heteroduplex DNA.

44. The resonator sensor of claim 43 wherein said detecting comprises detecting



a vibrating element having a surface; a probe DNA immobilized on said surface, said probe DNA
capable of hybridizing with a target DNA; an excitation source for vibrating said vibrating element; and
a detector for detecting a change in vibration of said vibrating element indicative of binding of a
mismatch binding molecule to said probe DNA Wh?}n hybridized with said target DNA to form a
heteroduplex DNA. 44. The resonator sensor of claim 43 wherein said detecting comprises detecting

37 achangg iRHESAN3AT FESRENCNBAISE IBSRANSSpSARANCE AMRIUSS RRARE. pakglity factor,
damping property, energy dissipation, response spectrum or sharpness of resonance. 45. The

resonator seHEBIBRFeH dTTOREST CBRNFSRHY BN ULIGERE! IRYRPHS PsdrenHatehd#enIe resonator
sensor of clagipr4ayhesein said additional layer is metal or polymer film. 47. The resonator sensor of
claim 46 wherein the polymer film is nitrocellulose, polystyrene, polyethylene, or nylon. 48. The

resonator sensor of ¢laim 43 wherein the prope DNA is jmmobilized on said surface through a
reacive fundional orbU SGEHED SO L PGS BHUBE' BRI HE1ErHb LA e of claim 48
wherein saidsgahginfectunctional group is a thiol group, amino group, carboxylic acid group, hydroxyl
group, phenol group or phosphate group. 50. The resonator sensor of claim 43 wherein the probe

DNA is immgplized oy spid suifpce thioughan, efioiy, plog e snd of said
Ccu

ing.-molecule attache
probe DNA. 51. The resonator sensor of claim 50 wherein t Ségﬁgfigr(f%g%%@iﬁla ?ﬁogfe e IS biotin,

streptavidin,lidier AAATP analogue, an ATP binding domain, or a 6- histidine peptide. 52. The
resonator sensor of claim 43 wherein the probe DNA comprises a non-

47. The resonator sensor of claim 46 wherein the polymer film is nitrocellulose,

polystyrene, polyethylene, or nylon.

48. The resonator sensor of claim 43 wherein the probe DNA is immobilized on

said surface through a reactive functional group attached at one end of the probe

DNA.

49. The resonator sensor of claim 48 wherein said reactive functional group is a
thiol group, amino group, carboxylic acid group, hydroxyl group, phenol group or

phosphate group.

50. The resonator sensor of claim 43 wherein the probe DNA is immobilized on
said surface through an affinity binding molecule attached at one end of said probe

DNA.

51. The resonator sensor of claim 50 wherein the affinity binding molecule is
biotin, streptavidin, avidin, an ATP analogue, an ATP binding domain, or a 6-

histidine peptide.

52. The resonator sensor of claim 43 wherein the probe DNA comprises a non-

disease sequence of a genetic marker.

53. The resonator sensor of claim 52 wherein the genetic marker is a marker for

cancer, atherosclerosis, heart disease, diabetes, cystic fibrosis or Alzheimer’s disease.
54. A resonator sensor comprising:

a vibrating element having a surface;



disease sequence of a genetic marker. 53. The resonator sensor of claim 52 wherein the genetic
marker is a marker for cancer, atherosclerosis, heart disease, diabetes, cystic fibrosis or Alzheimer's
disease. 54. A resonator sensor comprising: a vibrating element having a surface; 38 a mismatch
binding molecule on said surface, said mismatch br% ding molecule capable of binding a heteroduplex
DNA; an excitation source for vibrating said vibrati ré element; a detector for detecting a change in

vibration of said vibjafinehelemsndisdicatveiobhinding pheaidheiaraduricrRivy i sridimismatch
binding molecule. 55. The resonator sensor of claim 54 wherein said detecting comprises detecting a

change in reS8R&M HRjndina R hafstirsprlZBRe, resonance amplitude, phase, quality factor,
damping property, energy dissipation, response spectrum or sharpness of resonance. 56. The

resonator sensor ohgleak@itbdoiEhat BonpitsingharAddibtena dayemeont; said surface. 57. The resonator
sensor of claim 56 wherein said additional layer is metal or polymer film. 58. The resonator sensor of

claim 57 wherein the polypisr fim s aigcelliges POy SEEns POV EIang, g1 Yign, 89 The
resonator sensor of claim 54 wherein the mismatch inding molecule is a mismarch |n§|ng protein.
60. The resandicatsensirioficigiol SddhieeneidugilexnildMatichaindisggprbtbindsgvioeBdrden Escherichia

coli, Salmonella typhimurium or Thermus aquaticus, or HexA from Streptococcus pneumoniae. 61.

The resonatgs sensofrf claiR,A0 WhRERIBHPRIMISTA QNN RieLeyIS o HPRORIiREL QR Sald surface

through physical adsorption. 62. The resonator sensor of claim 54 wherein the mismatch binding
molecule is @& SYmEetIEINTRIPRAEH HieIARCHgdMPWES TRPPBSDNEBNMEESSorBPEIEIR 6PhdASerein the

synthetic migmateh QiGiNGamping property, energy dissipation, response spectrum or sharpness

of resonance.

56. The resonator sensor of claim 54 further comprising an additional layer on

said surface.

57. The resonator sensor of claim 56 wherein said additional layer is metal or

polymer film.

58. The resonator sensor of claim 57 wherein the polymer film is nitrocellulose,

polystyrene, polyethylene, or nylon.

59. The resonator sensor of claim 54 wherein the mismatch binding molecule is

a mismatch binding protein.

60. The resonator sensor of claim 54 wherein the mismatch binding protein is
MutS from Escherichia coli, Salmonella typhimurium or Thermus aquaticus, or HexA

from Streptococcus pneumoniae.

61. The resonator sensor of claim 60 wherein the mismatch binding protein is

immobilized on said surface through physical adsorption.

62. The resonator sensor of claim 54 wherein the mismatch binding molecule is

a synthetic mismatch binding ligand.

63. The resonator sensor of claim 62 wherein the synthetic mismatch binding
ligand is naphthyridine, a naphthyridine-azaquinolone hybrid or an

aminonaphthyridine dimer.



ligand is naphthyridine, a naphthyridine-azaquinolone hybrid or an aminonaphthyridine dimer. 39 64.
The resonator sensor of claim 54 wherein the mismatch binding molecule is immobilized on said
surface through a reactive functional group on the mismatch binding molecule. 65. The resonator
sensor of claim 64 wherein the reactive functional group is a thiol group, amino group, carboxylic acid
group, hydroxyl group, phenol group or phosphat group. 66. The resonator sensor of claim 54

wherein the gaismatcimRingipg.meIesils: isr iRmeBHizat AMLSRI SiHatentBiaul anbrEniybinding
molecule attached to the mismatch binding molecule. 67. The resonator sensor of claim 66 wherein
the affinity bifidIRPIHEE e S dpigiiRceriBEEgIH M 8R5HYE AnaiP A ngiogRENahATBSBIAGMg domain,

or a 6- histidggdRePEtecule.

65. The resonator sensor of claim 64 wherein the reactive functional group is a
thiol group, amino group, carboxylic acid group, hydroxyl group, phenol group or

phosphate group.

66. The resonator sensor of claim 54 wherein the mismatch binding molecule is
immobilized on said surface through an affinity binding molecule attached to the

mismatch binding molecule.

67. The resonator sensor of claim 66 wherein the affinity binding molecule is
biotin, streptavidin, avidin, an ATP analogue, an ATP binding domain, or a 6-

histidine peptide.
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