1 DEVICE AND METHOD OF DETECTI NG MUTATI ONS AND POLYMORPHI SMS | N DNA
CROSS- REFERENCE TO RELATED APPLI CATI ONS [ 0001] The present
application clains priority fromU. S. provisional patent application
No. 60/504, 434, filed on Septenber 22] 2003 and U.S. provisional
patent application No. 60/534,6366. filed on January. 6, 2004, the

contents of which aPEVIGE: M@J@%@F&Fmﬁ:@m UIAEMQNSe. FIELD
OF THE | NVENTI ON [ 0002] The ROLYMPRIHIBYSAN BNAs general Iy to
devi ces and nethods for detection of nutations and pol ynorphisns in
DNA, and @GROSSeREHERENGE 2 RELATEORPELIOGARIONS pr ot ei ns and

| i gands for same. BACKGROUND OF THE | NVENTI ON [ 0003] A pol ynor phi sm
is a vari[@0D8h i Mhgenetent apelicedioaeclaimsvpriotityarfront NdiSy i hoakiogalgpatediti C
sequence at_.a given ti.on_jn the genone_varies fromthe sequence
cormon y el A Bled aeorphorimpanso bl Rinicserspjeion
Tut 89ENS  apBficdfBYNBRE0/S84.088 UEiRk o IERHEY 618000 RBePORMRL bPmich are

Presence a _polynorphi'smin an indivi'dual's 'DNA can often be used
as a di sémsebyredrporated harein byeaferenesl ar pol ynor phisns tend to be
| inked to certain diseases. Polynorphisnms include single or nmultiple

base subsgy ' ' ] or deletions. In human nol ecul ar and
nmedi cal ?éfr%tﬁpﬁWMFTigﬁori ty of nutations and sequence

pol ynmor phisns in DNA result from single base substitution and small
addi ti ond0802] dehetpreseat idventiohf tctdt@nigendaaityrat gevitd mapirfethl@isedri on

of these yvariations is very_ inportant in the prediction and
di agnosi debctign faatatippy dhd; polyparnbisms, i RNy BN cpark@darhh to [use 0]

Most et hads i hifel £6 bt f | ernations consisting of one
or a few lgages |1nvo§€rtg %}%b%d&%?gﬁ%ﬁsﬁét'men a standard nucleic acid
(DNA or RNA) and a test DNA: the nutation nmay be revealed as a

m spai r e BACKIGROUND OFTHE INVENTEON odupl ex. Detection of these
m spai red or unpaired bases has been acconplished by a variety of

met hods™ ([0698pr , AGpRBlymdrphiematiory Mektiedsinf @endtlre sBQieacd 10N wliich an
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~ 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 discase 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 substitlition 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 varety 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, enzyne or chem cal m smatch

cl eavage, and direct sequencing of polynerase chain reaction
products. These nethods typically involve timnme-consum ng or
technically conplicated nethods that aare not suitable for handling a
| arge nunber of sanples at one tine, such as gel -el ectrophoresis
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nol ecul e are detected by nonitoring the hybridization affinity of
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sensi t i vimethogfuse. 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-Stafsﬁede 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 nethods is in the level of the m cronolar or sub-m cronolar
range, which is far belowthe |[imt required for disease diagnosis.
3 [0006] MutS, a DNA m smatch binding protein, has been used to
detect m smatches in DNA sanples. Wagner (US Patent Nos. 6,027,877,
6, 114,115, and 6, 329, 147) descri bes nethods in which |abelled DNA is
cont act ec[OﬁDGh MYVEuES,praoDN A mismatehe thiding rprofeirg nasnibsermtisbd stoi detette

DNA | i i biljzed h h
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is a need for a nethod of detecting nutations and m 1n a
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hi gh-t hra i ch bl es .identifi atl nof t he
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THE | NVENBE @i [840&] to'lﬂa&nllél %eﬁ?jib‘is M pIeRBmMPIAY | des a resonat or
sensor having an immobilized capture nolecule, either probe DNA

cont ai ni &a non- di sease DNA sequence, or a misnatch bindi ng nol ecul e.
The resorndPBfl seRlws sthtssdp i betceedfen @ anethed epfydetesting ganBtenoMAngf a

mut ation %Eyﬁ?rﬁﬁlts%lat ?%ﬁm éaﬂlptlé{hgf A%N@i'at I%Est RL& %Fsg{ EO\S%FdeS%ﬂ&F Sor

advant ageo hey are "si qgurring

i nst r unentigt- ﬂmughgutchnau,msnaﬁd whml aneblge ideﬁhﬁﬁattfo(ﬂpdfahemcatlm aisl @dtiieng
t echni que 0009‘!5\‘? . met hod may i ncor porate nanoparticle- and
enzyne- bé’% myah ferget Aon techni ques to achi eve
ultra-sensitive gene nutation detection. [0010] Furthernore, as

r esonat org aturize and automate, the present
@Fﬁ‘&f?iN‘fENﬂ@N .

met hods ma e adapte or resonator array techni ques for high

t hr oughpigy @gjd (PR PreBéif SO Blovits'd A VAR ORe 3 ihdei Rl

nutat|on at one n one aspect, € present 1nvention
provi des captomt hmd:bco]fe @tha@cpiobg DNANEUNinGE noh-diséade JEIA DNquarRBpoHE 3 Ng
obtaining .a fi asurenent of a resonance _paraneter, of a

resonat o lg@ﬁ@éi’ cge @glgen ffg? ISORBT S%@isn‘besﬁubﬁdbﬁleé?mr?ge apefbfar,
said Vi eRbidiofh MRAon GVA PO RGE R sed
on said surfaceO sai d 0[IJQIro eBDlﬁizr«l ﬁ{/}{)rﬁﬁzaergaw t g,rget D@B@é e
cont acti ﬁ@v&tﬁgem}@m thatAbely precirepleN&quiring relatively snnple 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 techmiques, 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 m smatch bindi ng nol ecul e; obtaining a second
measurenent of the resonance paraneter of the resonator sensor; and
conparing the first and 4 second neasurenent of the resonance
paraneter. [0012] In another aspect there is provided a nethod of
detecting a nutation in a target DNA conprising obtaining a first
measur enmsatondfmeesuiesentoftbe racmmet paramktca resonat or sensor, said
resonat or sensor having a vibrating elenent, said vibrating elenent

havi ng a ce, and a m smatch. bi ndi,ng nol ecul e,i mobilised on said
o f ace: 1BRRECT T GiE et isohratrg » FY L PECSFTHES PP 8
pr obe D%@mm%aﬁﬁﬁ%btam@ AERY naR6RABY JTRARW BB bardfhelch8f a

resonance paraneter of resonat or sensor, a_nd conpari ng t_he _f| rst
and seconeFoRBas FerseBNsaibesohator gensnahewing pavimaing elefn@ot 3hidl vibeatiogher -

aspect there | rovided a resonator  sensqr conpri.si.n ..vibrati.ng
ol orent RIS natind i SEG, AT dudistiarch Rinding Poleuis dtiachive ol s
said prebgaddNeoraaqimip!tBe st bidimigisolvbll & wath tayBEHi ZENProbRIDNA and

excitation source for. vibrating sald vibrating elenent; and a
det ect or 1¥rget DO scobinging &rvaengd measpreipenti Inthefresapaner prigmgtdr f the

or obe. DNACBRET RfePand HRbA of SRTMT st BN T AR Ut PP Bt o

DNA. [ OQadhneter. a further aspect there is provided a resonator sensor
conprising a vibrating elenment having a surface; a m smatch bi ndi ng

nmol ecul e ai d_surface, saij m.snat c. i ndi ng nol ecul e capabl e of
bi ndi ng 1001 erglauaﬁl%t eroﬂm%gﬁe&dﬁt%rw R % BEPRAIOF GFISPF LORt T§Ss i d

vi br at i ngihPabned KRLRCE NirtfR! a PRSRCHNATinAnSHARIEo Baid Cuthat kg of
said vibrating el ement indicative of binding said heteroduplex DNA to

sai d m smeabehDbiAndapablerol dybiidizifg0eith] 2 Guiger DaFpeat sxcitatioh esmuneefor of

the present_invention wll beco appar.en to those of ordinar

sk 1t B e e PR Fotor AfSerich DR Gpranol of
speci fi ¢ sgitbabiatiBftefen®nt tifidcdtiveestt bidlinga @QRhAEE bitiinMntidledulteto said
acconpanyi ng figures. BRI EF DESCRI PTI OF THE DRAWNGS [0016] In
the fi guPEde %ﬁdﬂmhﬂa@@%@ withisgid\iergeioP Nétafpme a betespduples i Aent s of

the present invention, [0017] FIG 1 is a block schematic diagram of
a resonajed141eNSh a dGHRG! AdctPthere 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;



pol ynor phi sm or nutation of a target DNA, exenplary of an enbodi nment
of the present invention; 5 [0018] FIG 2 is a schematic diagram of
an array of resonator sensors arranged in a 48-well mcrotitre
plate; [0019] FIG 3 is a photograph of arrays of piezoelectric
quartz crystal -based resonator sensors in which QCM sensors are
arrayed d80t8jar t FIG]{D20}chein@ic disgsmaof elemay bf rdicmgionsemsbrsa atriweged
hybri di zat i of a.target DNA and subsequent binding of m smatch

bi ndi ng 5?6331%%{@% M#6be DNA i mmobili zed on a resonator sensor
using biotin/streptavidin interactions; [0021] FIG 5 is a schematic

di agram gboide brrGi 89s f plrdSEAIYP |aﬁ‘ég€}5‘fg\£@éoel%lﬁ§ RaR Q:-kﬁtalt-rl])gsed

i mobilized on a resonator sensor; [0 |G 6 illustrates

f r equencyesoaatpospneorsin whishddCM-sehsoss anvedtiafédeh quasigonat or sensor ( QCM
to the binding of MutS to heteroduplex DNA containing a T:.G

m snat ch pnashWhi t f ACY- v.a. 1 s sh fr

ebr cat A0 It OB LoRMRRS iabRREOPF edtbHSigedor fEDRAkS ety
hybri di zatbseguedt bindirgedf dlhatch®indihig Srobdin Ais to pRAB2IINKlifamobilized on
illustrates the frequency response of a QCMto the binding of MutS

t 0 honod G3FERAPRICTEMMIINERIoUR piseptavidin dntarseonsdupl ex DNA cont ai ning a
T.-G msmatch (MML); [0024] FIG 8 illustrates the frequency response

of a QCMfg2{]he WIS 1Y a QbnddiitR di’é%‘aﬁl%fsﬂfeédl%{ﬂhiﬁg d?%téf@(is].{'pp"l’é{'bﬁ\g} %2

unpaired CA; [10025] FIG 9 illustrates t reqtiency re nse
QCM t o t MutBipnateingmofobilisted ontagedvatter schspt;ex DNA cont ai ni ng an
unpai red CAG [0026] FIG 10 is a frequency spectrumof a QCMw th

i mobi | i ro . ridized.in a heteroduplex.before. and.after
bi nd no. 190331 & G & I BE0EE HrddloRyaTisPhe B o il ey
the changesnitdr §eneUEICHI) (tAkheBildinB0dfi e td R&bslaples TNBL WRRMiMIES
bi nding to i mobilized heteroduplex DNA containing a T: G m snatch or

an unpai riéd reiagatchogoshich ty fregueney gespnse furke is shovmglremelabrieagivarndy
response tlféf SH%R%%\%PQ%&%%MﬁWM&gm%% ’i&%ﬁ&’lz&ioﬁlh&f taMngNA, to

(msmatch O,
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 MM1



6 (msmatch 1, heterodupl ex) DNA. DETAI LED DESCRI PTI ON [ 0029] DNA
pol ynor phi sns are genetic variations in a popul ation that occur at
certain locations in the genone. Confirmation that an individual
carries a particular polynorphismcag often be used as an indicator
of disease or that the individual is a carrier of a disease gene.

[ 0030] Si(ngsmeattlaschesubdiplaxpiNks, and small insertions and del etions
associated wth a DNA polynorphism for exanple of 1 to 4 bases, can
be detected b hybri di zi P test DNA with a reference DNA and

cont act i AYERA hnEQW@B&?@ ®Nat binds nmisnmatch DNA, where either the

reference DNA or_the mismatch binding, nolecule is imuobilized on a
r esonat 010829k or DNAppelymormigns aehemilie variations i edeppplatian Hhtocewt zr s

to DNA whi.gh,i Ig%ltlldg§ ?lothgr%n(%'le n?fo%ﬁ%?tﬁ@lt tﬁﬁta-'t Qiaﬁq%nﬁaﬁa% 8 e%s a. pﬁlqi(.‘ﬁlirat ch

base pairing re fic pair posi ng

cont ext @blm@bﬁsﬁmh@ﬁan\bhlwhi ﬁﬁﬂlﬁlﬁidItfaﬂj’rrﬁfQﬁ&aﬁﬁ ort fhet the individual is a
hydr ogen- bonde Hase pairs, T with Aor Gwith C . Heterodupl ex DNA
i ncl udes “AIBGBT ROSEIHZEFE DNA i n which one or nore bases in one
strand does or do not conplenent the base or bases in the opposing

strand, 36036] | SmgRobREaublttansrd %nallnm\é\é}hgﬁb Qﬁ‘c?dgfehgi%r ssBaskes of

ei ther strand does or do not have an opposi ng base, to an
i nserti onvily adBNet ipotynarpbism, Sor amample obiptr ddbases hm bppdxséatgl by

strand. |n .ont r ast ono er tod ubl e- stra i
ohi o e adRa P AR DN R P s b N S oPeAchEE Ttk e e Dk
each baseéiddrmsnatdhy DNpgephsiendgdr thasdeleféd DMA rafe Qﬁﬂﬁ’ﬁtcﬁ@blﬁéﬁg
[0032] "Target DNA" refers to a test DNA or sanple DNA that is

desired fRplepule isdmpwhilized on ageroasioprrnsee| ative to a reference DNA
sequence, such as a single nucl -eoti de poI ynor phi sm or smal |

insertio ded b £ ” S, 0o k 33]
Vari ous m? msilt ch %}Sn Fb%gDﬁo ecu g}s%tﬁ b| nﬁ 991% ttoel?%I ‘gﬁgéwg
DNA ni snehe hr mepamismsyat tase painjpo A aidnaatth braseﬁ)amngrfafecs}nolmi spdeifig pair

{)gohgit 2?8&]86%&“@&%% ;}ﬁc érﬁt?yanftdg?qbﬂ? (ﬁl Legngl y ,and pr?f er ent| aI I y

si ngl e- shyadgadnbMRd Hatt pe@™Phath Whe M C. Heteroduplex DNA 1nc1udes
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 conmponent of the Escherichia
coli msmatch repair system (Laners et al., Nature (2000)
407:711-717). Anal ogous proteins are known in other bacterial

species including MutS protein from Sal nonella typhimrium and
Thernus aquaticus, and the HexA protein from Streptococcus

pneunoni geoteiishasehden ddenvisiod , assypnlt etdngpamesnel the Aicheliaig: lcbbjanidsiatch

" SMBL" ble t i If.l 1 tch b d th
Gesign breteATLAirRgs Tl abie Coodl S 4G, i Bhdioan osvmnye
19: 51; Ha@bRar @ ebthas bacNJﬂi@ﬂ sp@éﬂeQSmBﬁﬁhng (Pag%)spr&%m 288m28Gimonella

Hagi hara et al., J. Am Chem Soc. (2004) 126: 557-562). For
exanpl e, tepthivaynien n@r@hﬂhmt@ll maﬂmgmdzd@ Hn@lAblbrnwsn tfmna Smreptococcus

"econgni 78R Y Welh BNBRE SRR RaghB e dh FEYRED e s

and bi ndsisboatde @ @edﬂgﬁfﬁ@tsphclﬁﬁﬁﬁﬁﬁatcﬁhmﬁasea oA siRbesheP bhdhd endreubgul e
can recognize and bind to _heteroduplex DNA to forma m smatch

bi ndi ng AP &t s dYddgpPerechniZ00d b g dx Hegoms et AL, Wurl AridoRes.
t e

o ooent (oA B20RM. 286 AR O STRLODY, ChyR s ELRARLTTRS: s tD For

nol ecul efehahplepdiipkex waphiilyerine Erdchgtiz¢shentiebiadoduphe: @l\lﬂmﬁﬁatbmea

m smat ch di nol ecul e is immuobilized on a vibrating el enent of
t he resoﬂﬁ@ggyré‘ﬁ %a%aquwglonaelwé?ﬁmn%r%w d BELoRERiFEHR | (g pH@nﬁtpﬁcfaency
spect 1 umdaherd MBninbRdkyRgiR) res%mzes afbidlid % €'C AYYAGL Phi smin the

target DNA nay be detected. 36] Resonat or sensors are known in the
art, and include bul k acoustic wave devices, thickness shear nopde

quartz ci9@34l rlesobal mm@aicl( "igofing, menleduda ecanagotegnize wadebdvdvltges
" SAW | te
1£| | s, ), mh%tlrégldg ec'? rﬂé?rr%c ﬁxllgjliﬁ s@laés%/rgaﬁfgj %@%9@8@8@%‘%{6& P & Bra

nenbranesomprekdges suspended masses and cantil evers, any of which
are suitable for use in the resonator sensor or nethods present ed
her ei n. w&%ﬁ] To th| end, a schematic of a resonator sensor

exenpl ar ??é‘?ﬁaﬁ?ﬁreflhérﬁﬁ;@é@ﬁtseﬁsﬁﬁ@ﬁﬁmﬁﬁy q @l%ﬁ%’tmﬁtted
in FIG S i pel V, t t

an exci téfl g% ?}ggreg{e 1318:@&% erren Bg lr%ag%ﬁbtg’ ! %cgeﬁ{%?oﬁvﬁg%glt eﬂl{% 1 ugh
t he appl medtcuterhetdrodupled eomptmxotHither ghe shetdrbdupléxo DA 6 diie mismatch

binding molecule is immobilized on a vibrating element of the resonator sensor. As

n

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 quariz crystal microbalances (“QCM”™), surface
acoustic wave devices (“SAW™), tuning forks, flexural wave plates, piezoelectﬁc 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, el enent
12 will vibrate 8 nore 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 exanple, a resonator sensor 10 that

i ncl udes morgueffitiznity ydnaht witer dtdqnenciel eMhiyt fitQuenan ibeaefende thoas the
oscillate byg:? ci ng é)réle crystal in a sinple electrical feedback
circuit. tﬁfe@?%y £¢456f Lnsors can be driven in this way. The
excitation source for other sensors, for exanple, silicon

resonat 036038‘]5‘)’ PRe BpdlorekafitioR|sekt 08taEd Fill Hg:l&ld Rh %ﬁﬁ Snkhathidcor
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appropri aﬂnatfnmdelnantalz :g]'rdoargwttachecba*.am’(;ﬂe fAxi ircheang ﬁ‘atHeymaiﬁjiﬁi‘ lergmplict h
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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 nol ecule 16. [0042] Now, capture nolecule 16 may be a probe
DNA conprising a reference 9 DNA sequence and which is capabl e of
binding with target DNA that is to be screened for nutations. Probe
DNA may, for exanple, be single-strangded DNA, and nmay include a
non- di sease genetic marker sequence that is to be tested for nutation

in the tlaNgescqubiike fmt whcnpl eapablzobf) rordpig swith fBheet (PINAethBNAs ta\be
|t tivel tain a sequ that.is to. be screened agajnst
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di sease GRARuIak RisEAREASL, 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 devel op a di sease.
However , [B043ut afb orsed rhemimha gesetipueratiernaya lgbgd nuwleatide seqemcs tibite
or a predisposition.to devel.op .a di sease. [,0044] For anpl e.. the
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pol ynor phi gms 0 certadi_n 53 gene loci are very often directly.

rel at ed t989¢SRPgLa non-disease genttic marker sequence isa 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 (Wieczorck AM, et él. 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 tunorigenesis (Weczorek AM et al. Nat. Med. (1996)
2(10):1143-6.). [0045] The probe DNA may be synthesized chem cally,
or may be produced by anplification nethods, such as pol ynerase
chain reaction nmethods, froma tenplgpe DNA. |If anplification

met hods are used, high stringency techniques are preferred to 10
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f or nut atlienking Feer sitgxd s polymphimo that NG bewlgtdoeddy thprasent method. If
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be very sefighéd ofghd probempesature variations, and nmay not properly
hybridize to target DNA, even at |ow tenperatures. Thus, the probe
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maxi mum Lgmetthnd 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 Ioﬁg 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. Altematively, 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 limted provided DNA of that |ength can be
synt hesi zed w thout introducing errors into the sequence. For
exanpl e, longer DNA fragnents mnmay be produced using high fidelity
PCR anplification. A skilled person will be able to calculate the
tenperature at which a given sequence of DNA will hybridize with its
conpl emedldpy 162 probd is wndong, it maynidehsic amymbenet mhtatibes @reben®@sisng
too short., it ma ot have enough sequence specificity and may bind
to a nunﬁ%#wé?EE%P§g“in target 11 DNA. If a probe is too long, it
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protein, for exanple MutS protein from Escherichia coli, Salnonella
typhi muri um or Thernus aquaticus, or HexA protein from Streptococcus
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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



attachnent of capture nolecule 16. For exanple, on glass, quartz, and
silicon, silane chemstry is frequently used to i mobilize nol ecul es
on the surface or layer, and thiol chemstry is nore suitable to

i ntroduce functional groups on a gold2surface or |layer. [0051] For
exanpl e, where the capture nolecule is a probe DNA one end of the
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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



bi ndi ng nol ecul e, such that the resonator sensor with i nmmobilized

m smatch binding nolecule is regenerated and available for use in
detecting nutations in a target DNA. This approach helps to mnimze
di sruption of the m smatch binding mdBecul e during immuobilization on
surface 14. This approach may be preferred when the m smatch bindi ng
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affinity binding nolecule may be biotin, streptavidin, avidin, an
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bi ndi ng pRUREGUdERais Oindgaiole,| dip®REdniT @r thehRtiahe AIAdEr A heolecule 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,



m smat ch bi nding nol ecule to the resonator surface through the
interaction with the affinity binding group. Alternatively, a second
spacer nol ecule can be used. A second spacer nolecule is a nolecule
that binds to the affinity binding midecule immbilized on the
resonator surface, for exanple through a conplenmentary affinity
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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 nolecule covalently attached at one end to capture
nol ecul e 16. [0059] A notion sensor 22 may detect the vibration of
vibrating elenment 12. Motion sensor 22 may for exanple be a
non-contact optical sensor. Alternatil§ely, in order to induce
mechani cal notion _and to sense such notion, both the excitation
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wi Il then be recorded. [0063] Therefore, a change in the frequency
r esponse [M163]; prErarelgres p shnee in thepAuepey wsREISS O viksting dementildiradf a

m smat Cthidﬁg&di %bﬁ Cfdhﬁétrb%t &f Qdﬁﬁps]n%ckp%ding 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 propetties 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
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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 msmatch in the
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[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. Sanple nay be applied to surface 14 using
aliquid cell, which my be a flowcell, as is known in the art, or
liquid my be pipetted directly onto surface 14, either manually or
using an automated system A stable H&8seline is first generated
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[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 ecxtension 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 froma cancerous mass of a patient, such
as a tumour including a solid tunmour, in order to detect nutations
that nay be specific to the tunmour but which may not be present in
non- cancerous cells of the patient. A8 well, DNA fromcultured cells
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[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: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 net 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
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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

net hod as desired. For exanple, surface 14 may be rinsed wi th bl ank
buffer to renove any unbound m smatchibi nding nolecule after
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t he 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
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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 targef 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
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[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 conplenentary bases that are present
in the duplex DNA. For exanple, if the target DNA contains an A->G
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describ egui?etaof\éF 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 éensors, 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.
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r esonat ofrae o pach) thapi qaph nindividigl 3esonmter 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
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sensors {@om}] be & [h%%ﬁé’widg gfbrs r @Bulﬁoac%'ém VAR ASRE hpdrﬂéﬂlé(ﬂlﬁ' yal
resonat or sensor has the sane probe i mobi | i zed onto its surface

14. A di fqﬂ@ﬁiewstalang:eqbam (QCN)bwhsivsed ds wine hxarhilc of tisgesoDhfar sensench

s vy E1sb 8 AR RS S St it et G B oSS i P B

[00104] fmbéel Blyetalse fRANRLA" maSNSEHsRivi) of Ul Rganr 8Nz BGomayriglisevhaye a
different, msmatch bi nding nol ecul e i mobilized on surface 14 of

each r esdistititeds ak gpificpntly \gdsgrbed daster-nf Boragsenarsi ﬁs@ﬁmgcmmaéémaéurﬁé
sel ectivge 1i1grth@ ??f(}ollscm' ﬁﬁq& Een%ﬁ hSOﬁ‘aéé?Q ftr(%ﬁt e’ %Je? aPSSee F%rs,D%i\ fo

screeni ng a-singl e probe ybridi's & sane 1
speci fi c (Metairid, QAS US[PQQﬁlG Ghe Mbtionhd eesigeitics was hesasiedd bpa hefvﬁjrh adl@zer

fully in or eren [ 00106] Although varlous
enbodi rreﬁé‘g‘d@%igﬁge WA ?Wraﬁémé?réép StPciiese (- UShgny adapt at i ons

and nodifications may be nmade within the scope of the invention in

accor danﬁ@owsah t h@h&RBIRBIIRREY aiotésﬂtﬁ\wneqﬁ%&ﬁnaﬂﬁ%eba%kéduhﬁ%mu& hi's

art. Suc ifications include the substitution of known
equi val engmaticos (BpigendespEeshnalbgiekeCorpr weast usod as manoxamplet of the mismatchhe

same res ISy bst t he sa techni cal an
scient 1 o RRITC B afaieth WS SR a ba alitert Solirpiting
under st o80mhy TeisICIf (porr Tby)any Hki NaCi,N #ive déhioltBfeitol)ios] kM @DTARRNd
unl ess defined. otherw se. EXAMPLES o )
0.1% Trton 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
p—globin gene. Both the oligonucleotides having the sequences identified as SEQ ID
NO.:1 ahd 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
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SEQ

ID NO : 8
bases ins
OL1 GONUCL

BSEAGGGEQGﬂUﬁTMﬁ@b@@ﬁ@@ﬁG@@hGG?@@@”ﬁm 0
brtions, which are underlined in Table 1. TAB

FOT MGC GEEUENCZSC AORATPCECEINPAGTCCACG-5

ng to four

LE 1:
6

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

5’-ACGGCAGACT TC TCCCCAGGAGTCAGGTGC-3’
3’- TGCCGTCTGAAGAGGGGACGGTCCTCAGTCCACG-5’

4
7
4
8

[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 [ 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



FORMATI ON Nucl eoti de Sequence SEQ I D NO : Honodupl ex DNA

5' - GCACCTGACTCCTGTGGAGAAGTCTGCCGT- 3" 1

3' - CGTGGACTGAGGACACCTCTTCAGACGECA-5' 2 T: G M snat ch

5' - GCACCTGACTCCTGTGGAGAAGTCTGCCGT- 3' 28

3' - CGTGGACTGAGGACGCCTCTTCAGACGGCA-5' 3 Insertion 5' - ACGGCAGACT TC
TCCCCAGGABTGARGEIED- 3vas 4firsg' reactadCeGhCrGNAGAEBOEENdcrdaCGTSahCT- enotm-

A 06 ARG iy s o s

TCCCCAGGAGSECASIBTEIER3e tat BhighiT GEGHESHEANGARCNCHET ColbGAGIOCACEMBled 7
5' - ACGGCAGAC] TC TCCCCAGGAGICAGGTGC-3' 4. 3
Tmm@we&me@gfmmmselet@nmél@mg riraated Tgs4id buffer

schemat i ofy o]

Exanpl es(E @g%@@g& Z?tsheo ]p&/{l n/'s re aV| i'n ?%M;Dlﬁﬂé’aﬁd;nm%
probe DNAg@inY, dolﬂdveedrle;s Mas druffenblatie mneb ethichncduxng thessaine3aramdt folf G
5 depicts, the bi | n of rotein, as described in |
Exanpl e EIYCE”E%H n@e%% %éﬁé@“?"gﬁgerotenﬁam e iien fut %ﬁb RIS d
11 FIG %@%%ﬁdﬂ%oﬁaeﬁ:}muf [ GRRP TG &] 1208Abh %@st%wpefféreaehgon
procedure using the method depicted in FIG 4, starting froma

bi ot i n- t AnetHE) eufferll ThersibseguerftGPpliGitioBoif dlid MutSerépqumducnd iarbaRBH
buffer (Q.1 was i mmbili.z urfac s first
Cencted AFERABeDrbmeRSK rBProrsh i B2 Belihest 4 SeEietblor el ks

i nt er act ispadifiBSAdivgs then applied (5nmg/m in PBS) to block any

possi bl e free gol d surface that m ght be present due to the | ow
biotin self-assenbled nonol ayer coverage. The basel i ne was

det er m né®@1ng ciddien Fﬁit@éﬂ§¥h%0aﬂwr & HEPESnhiotinylgtedgrobegwas 5,
200 Nagﬁblledeu%TAf%r ]ethEDTA }ﬁéﬁ?ﬁ%‘m 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 (“MM]17), 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-HCl 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% friton 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 MMO0 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



Myd 2), followed by MutS buffer blank al one, which contains the sane
amount of glycerol and Triton X-100 as in the MutS protein sanpl e,
whi ch further contains MitS at a final concentration of 100nM
(diluted 1:200 fromthe stock buffer2%using Tris-HC1 buffer). The
subsequent application of the MuitS protein produced a barely
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Mut S- DNA conpl ex formation. Since the tS protein was stored in Tris

buf fer  wateinzots HivgMl 4T leob$P dreptedrMitSabiddoonlyite thetmismeatched DNAe

smal | a L, and triton X-100 in the diluted protein
sol uti ogB gg?get%g%hp?@eqﬁéoo dilution) resulted in a detectable

frequency response. To elimnate the effect of viscosity change
effect d{00Ti$]t he NutiSathom dkpeyimedtibdioattd ehatbti@nfrobesmmobiaed densdr new
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SEEL G S0 Wy LAy ARt S0 Wl
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and MMO DNA and. the.subsequent MitS bi ndi ng.. The sing] e. base
subst i t uEPRERREFHION eflﬁ@g@ﬁ%ﬁaﬂﬁwaﬁd}m spEeed the MYy g}@@a’& sagnal was

di scri m pabhel GHbd RYRA b FRld RN ' if1€ A4RSES :
Mut S bi ndi ng shf)Hwae)é()jtﬁgth%:Plgigr di ffe(fg?g?ltcdgl ?%M%%I%Sﬁeﬁﬁﬁglang amgﬁkséﬁé\
profil e FouNAdklagiten Samd foi ssaaplatit wny belitweddbaenyat3®h offthe ssENAIt S

ll\)/lu? gi B? Og&bgwwgagc\;lcg‘l.golj%%ﬁ‘ﬁg%gwgt;%ﬂi&ﬁlstiq%gofaﬁu&hggﬁl a%gph%on%éar%i%nirgsutltgg
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



t he DNA backbone in a non-specific manner (Lamers et al., Nature
2000, 407, 711- 717). This contact is however weaker than the

hydr ogen bonds forned in the heteroduplex DNA-MitS conpl ex. Upon
rinsing, the frequency tended to risé0back to the baseline |evels.
To elimnate the unwanted NUtS adsorption with MMO DNA, one can use

ATP to mbEifeshdhe AMOuand wpsired iR Aysholpd moesi gniBicase tdiffereneee vanleghe

o vt o S BRRIT S THE BT (RASHAANGS: DRSS G2l hin
experi nme rﬁtndnrrgjkmaﬁcsd Thdﬂ a(bnsbdjl&:np f@b&nsle rﬂ‘queﬂdympdn MuSsindiag thede HN¥se
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di scri m pgtda88d @Aépse wiMdh Sl A% $eQhy feQe%t%ﬂWed d?@‘?é’%e
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concern, c@ﬂ&r@s@ﬁlhgl@ﬁffﬁzaﬁﬂlﬁssrtﬁﬁﬁ&@ﬁlfﬂGSﬁsiﬁﬁ {ion issue as the
dlfference insignal is low (a direct MutS adsorption signal on

ssDNA wi t hout target hybri di zati on_was not_ nore than 30Hz% and
occurs e 11951 in ﬁlﬁpka%vyotmabﬁémﬁamﬁe%@suk%wecsfé\émsy fndeng: In

m smat chgf , At 3

i th soB T ORI CRn AR AR scrbor SaRERERSEINA Bubfol IRpBHEN 6%

further hmpmedead@sy\ﬂA t\h(aswt:lmegetalrte ah)&&AdSﬁBtNabwomaAnaimer(ﬂSamdelat&e
det ect abPESRHF: EBrmas &t B Ral AT ARTERAC L UM tefp 24 aiter Rt
concent r afriday wm%éi%lad EFROPI(B. FTEE1eGhHRE ﬂfefklﬁeﬂ@cﬂvaeéfethe %%1 ﬁ%%

this exa% améprobe was i mobilized and target

to 8) (I meotfppbl tegdisteade (B) chanaes W@@@erf&pbxedmg @bmeaumparrgd Lho 4
and unpaPhEh SRR ERetalec S Honbe rah Pt BRerrier it s TTRD (1)
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 5pul 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,



subsequent Miut S bi ndi ng shows obvi ous difference in both the binding
amount and binding kinetics. The consequent response frequency upon
Mut S bi ndi ng these DNA was 92Hz (unpaired CA), 90Hz (unpaired O,

76Hz (unpaired CAG, and 70Hz (unpaPted CAGEH, which indicates that

het er od taining 1 to 4 ired b detect abl e, but
ot - cquald 14l 7 s RA ¥ piedrsa HUE vtmaiTRe 6FPR gvBRHGT R EORMERHce o5
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met hod, as depicted in the schematic of FIG 5, the MutS protein was
i nmobi | | #éended ta epspripassedt sude mygifiqatips i wishinaits eeqpei on defingdhbpi the

pol ystyr 0 Ji | mwas prepared on the el ectrode by dropping 51 of

pol ystyrene“solution (5mg/m in toluene) on to the el ectrode. Upon
evaporation of the solvent, a thin |ayer of polystyrene was |eft
behind. The resulting filmwas heated for 10 min at 90C to enhance
the adhesion. | Qul of MutS solution (400nMin Tris-HCl buffer) was
applied for incubation for 2 hours. After washing and drying the
surface, the anount of the imobilized MutS protein can be cal cul ated
t hrough the frequency change.



31 [00121] dsDNA was prepared in solution. The sanme anount of
oligonuleotides SEQID NOS.:1 and 2 and SEQ ID NCS.:2 and 3 were

m xed together. The m xtures were heated at 90C for 10 mn to renove
t he possi ble secondary structures. TB2 solutions were then all owed
to cool down to roon1ten?erature slowy and the MO and MM dsDNA

formed. YHEAGAM €EEAMMER IBhe Mut S protein was the exposed to
tris-HO . Upon equilibrium the MMO DNA was applied. Over a period of

-50 minuge the HerdeRaveih ¥akdh L& N 98hphiSngaused by
nonspeci fi ¢ binding. For a DNA, ?%%ﬁ¢$equenc§&8roggMas 48Hz.
After rinsing the MMO DNA was renoved greatly while the MML DNA did
not | o0ss too nbighingsa fikgt nRiurkines dfonssenancs parsmatst ef e mesogito( FinSor, 12)

and the di.fference between. MM and. si gnal . .becane re S.

T ani 11 o3 "SIOPAOE PRt GEvigE & ERstingslsmiertadeid Ho e EP B8, % one
skill ed pufdcBeardl 4 probe YN AGHIrhdHEBdd WSsai P surtRe, RXEPRbMNATBHHZBMt S
descri bed herein are possible. The invention, rather, is intended to

enconpas ¥ithla targgeANAsdi fi cation within its scope, as defined by the
claims. 32 WHAT IS CLAIMED IS: 1. A nethod of detecting a nutation

in a target D%tgé?ﬁgrqh '1%9)1‘1(1%3 @b@%ﬁAf 'aﬁc?ttarggtaf)‘ﬁfr@ aofmiﬁnatf;h

resonance paraneter “of "a resonat sensor, safd resonator Senso
havi ng abmiiwgahelagnlel enent, said vibrating el enent having a surface,
and a probe DNA i mobilised on said surface, said probe DNA
hybridized w.th a target DNA: contacting the hybridized, probe DNA
and target DM ASHOSARCHUTBIRD b IEOBERACEA BB i G T5088CbNd
measur engdko0f the resonance paraneter of the resonator sensor; and
conparing the first and second nmeasurenent of the resonance
paranmeter. 2. The nethod of claim 1l wherein the resonator sensor
conpri ses a b#deompaging theclisghansd sgeondmeasyreqent oL the resonance parameter.

m crobal ance, a surface acoustic wave device, a flexural wave plate,

a piezoepect ri gntNhgnbd 9P clfinf Y2 Wikreid! hd JesbBithr s&s%'\@mrp?ﬁ&n @ik

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



a nmenbrane, a bridge, a suspended nasses or a cantilever. 3. The
met hod of claim 1 wherein obtaining conprises neasuring resonant
frequency, inpul se response, resonance anplitude, phase, quality
factor, danping property, ener gy di 8%i pation, response spectrum or

shar pnes s§ éae nmet hod Ofdﬁgalﬂll wherein the tation
is a si n%ﬁ!ﬂeﬁ‘ﬁ é thfa'ﬂ% DPRIMUET (O offiegrius Aguatcusa 8B J1C¥dy

i nserti oRyp:ndodehs A 5. The nethod of claim1 wherein the
target DNA'Is extracte fron1a cell from a patient. 6. The method of
claim5 wherein the cell is a blood cell, a skin cell, a liver cell,

a ki dney9cel |, Thel wathodedf clagmb} ewbereiveltle orismatturibuding ehdlecule Fhe
nmet hod of % 1n1| w%ﬁ@‘ﬁp pe smat ch binding nolecule is a

m smat ch %}]ﬁeﬁcﬁﬁlsw (M8 fle net hod of claim 7 wherein the

m smat ch binding protein is MutS from 33 Escherichia coli,

Sal nonel lia typMhewidthiea 6f cliime Oniseréie Uhé kEitBeticomishigxeh Bihify ligand is a
Streptococcus pneunpniae. 9. The nethod of claim1 wherein the

ni smat chn#biginsinedimes s saphthwidingarageippleneshybrd ehabipminongprthyadiae

10. The od of claim9 wherein the synthetic m smatch bi ndi ng
ligand is a naphthyridine dinmer, a naphthyridine-azaqui nol one hybrid
or an am nonaphthyridine dinmer. 11. The nethod of claim1 wherein
the probél.DNA Gbepnétbes oé chum- Hivéersse thes prpbe 13l Aoforaprizes et nan-disgeker .
12. The nethod qf cl ln11 wherein the genetic marker is a marker for
cancer, “QPW@PégéﬁﬁP%EFgmfﬁéart di sease, diabetes, cystic fibrosis or
Al zhei mer's di sease. 13. The nethod of claim1l mherein t he probe DNA

i s i mobiized T8 nidifod StElhiae €1 Whetdie el Rnatid REIGE 8RRfarltd rf&U@iiic@f
reactive functional group attached at one end of the probe DNA

The met hatdewgsclenogisheay dijsases figbetas cyeidibiross puilahrisrals digeatsp i s a
thiol group, am no group, carboxylic acid group, hydroxyl group,

phenol  g§oup ofhe RRGRR Vreel AhPY Pwherein 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 immmobilized 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.



15. The method of claim 1l wherein the probe DNA is imobilized on the
surface of the vibrating el enent through an affinity binding nolecule
attached at one end of the probe DNA. 16. The nethod of claim15
wherein the affinity binding noleculé4is biotin, streptavidin,
avidin, an ATP_anal ogue, . an ATP bi nding donmain, or a 6-histidine
pept i de. 197 Tademethetiotdag bivherei Hherresonaton sentps R eh 2 REHTHEY of
ol ecul e ndiBlichied amiidel iR N SEKY P BlrAGROREHEASs irbioniFiOgs el hod
of clai mrlS W eree t(ﬁearﬁl%séﬁatlcﬁﬁgﬁn%?ﬁr% noffecu?{:e&sés noﬁls%r%]nglgbl 1V\n€t%ﬁ?én
enzyne t hafacelof andlsrating elbmentaifeatio rgspmdoceensoy in fwodridy], endowbeaint cac34

19. The neth f claim erein ther ator sensor conprises a
pl ural i t?rog‘F%ﬂ\ll‘gé% Zeéé%\g’bt&lgsgp?%ﬁ%f‘égﬁf “an array and a different
probe DNA is inmobilized on a surface of a vibrating el ement of each

r esonat oposensdheirfethdtPofadlsiay1 whbEtinIR18idAaRA dhsoPERRRSNA pliftality of
hybridi zed with the sane target DNA. 20. The nethod of claiml

wher ei n FeSEN3tRISIHEATD AITGREPIGN a0 GAPY iabé shasapraprabe DNAfis immgkifiagden 2
sensors ahkAndsd: | Rl ak bl St AIE: PLOREITINR Syl IPRhLIAEY O
a surface of a Vllbl‘a ng e errenta OoT eacC resoné]tor seXSor In e

array, adifferdirrtaiget DNAIik fBbabized avige tthdOMdbeSDNWD bh dazd durddehoft Ked
probe DNA_on, said surface of said vibrating elenent of said each
r esonat oMbsdgsIemey of seidgachggsopatog &St i ng a nutation in a target

DNA conprising: obtaining a first measurenment of a resonance
paramet ep) of a A KRMRALPHeEAREY mutafifh h 4 BIQRPNK cSEPRGHgHAVI Ng 2

vibrating elenment, said vibrating elenent having a surface, and a
m smat ch bi ndi ng nol ecul e i mobi lised on said surface; contacting the
m smat ch bi ndpbigingmg @ St eneapurbmantaiby fesdnaace paremeteDNAa aerdnatpn segeor,
DNA; obt aj.ni n second ,nmeasur e t of. the resonance paraneter.of the
resonat of 10 JGRERPT SKIRS: CANGArT i TiRE PPt SR UBEORg Slelel Gk @ of
the resopafwe, MdraniBiich biﬁcﬁn%ﬁ@&cﬂ%tibmﬁbﬂﬂﬁseﬂ loispidZarfabgr ei n t he
resonat or sensor conprises a bulk acoustic wave device, a quartz
crystal m crobal ance, a surface acoustjc wave device, a

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



fl exural wave plate, a piezoelectric thin film a quartz tuning fork,
a MEMS resonator, a nenbrane, a bridge, a suspended nmasses or a
cantilever. 23. The nethod of claim21 wherein obtaining conprises
measuring resonant frequency, inpul $& response, resonance anplitude,
phase, quality factor, danping property, energy dissipation,
response B PREE-or shar pness of resonance. 24. The nethod of claim
21 wherein the mutation is a single base substitution, a deletion of

1 to 4 bages, Ofhcalethhd BF tiadi 28 whertifl tHe PAS féseltc bided cdif& fl?ﬁ %glﬂ iver

claim 21 wherein the target DNA Is extracted from a ce roma

pati ent . cgly.a Kitheeymstihotingfcell] abhneast Sellvbies wimour kell.cel | is a bl ood cel |,
a skincell, aliver <cell, a kidney cell, a lung cell, a breast cell

or atu r celd,. 27, The t hog, of. cl.aim 21. wherein .the m snptch
bi ndi ng. 3] oo o1 e, fibgpoll S T, heFsif e oRisPteh, Bindiags mplels, s 2
cl ai m 27 nvib@stch Birdhe pfoefat ch bi nding protein is MitS from

Escherichia coli, Sal nonella typhinmriumor Thernus aquaticus, or
HexA from Streptococcus pneunpniae., 29. The nethod of claim 21

wher ei n £28e mi skherBethed abelaign 46 Pderantbe gnigmateh hiiiag profin syt from
bi ndi ng g : T . cl.al m 2 ej : i

o St S R ARERLIE Yy 0y BRL S5, SFHOER o
napht hyr Sttepee@zagmeanoloaive. hybri d or an am nonapht hyri di ne di ner.
31. The nethod of claim 21 wherein the probe DNA conprises a

non- di seagge seguenc f enetjc marker. 32. The t hod of claim 31
wher ei n ?ﬁ'e geﬁg’[ei @eﬁjﬁakgfcﬂ’émaﬁm%é?nf%? Pl b1 %F’(?%(?P Gsts,
heart di spab&ic HistReheSndifyEkak. fibrosis or Al zheiner's disease. 33.
The met hod of claim 21 wherern the m smatch binding nolecule is

i mmobi i zed on the surface of the vibrati ng1 el ement of the resonator

sensor t APough Tae methed pf elapy 8 twherein thyr Hufete mipmateh Sindinthligandds ag
ool T " . ) !
o oup i SnaPirkfife SEGOR nfinf il Ao EE RbNE of SN HATHIARS

group, pkanal group or

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,



phosphat e. 35. The net hod of clain12é wherein the m smatch bi ndi ng
mol ecul e is inmobilized on the surfdfe of the vi brating el enment of
the resonator sensor through an affinity binding nolecule attached
to the m snmatch binding nolecule. 36. The nmethod of claim 35 wherein
the affinj iy di ng: l.e.i i.ot 36. tavi din,.. avi di an
ap anal daee U kBB AT Baloi? Al witfing Sl 844 By

The met hedptide. cl ai m 21 wherein the m smatch bi nding nolecule is

i mmobi |i zed through physical adsorption to the surface of the
vibrating_el enment of the .resonator sensor. 38. The nethod of claim
37 wher 6PA- t hd NedeiRdolisfaim hespiay i rasehehipding MaleReld with a

pol ymer finkiBhilBRd ththSeH SR Lkoptivh 18 B8 ARSI thd NEraBRL ¥idR{enf 4R 1 S
nitrocelﬁu osé, pol ystiyrene, pg?;ethyﬁgﬁe, gr nonnF’4%.ﬁ§ﬁg %EF%Od
of cl ai mr&bngthesemser. t he probe DNA is nodified with a heavy netal
nanoparticle. 41. The method .of claim21 where the probe DNA is

nodi fied,with en that,cl eaves.a substr.ate.to.produce .an
i nsol ubl é\édpr od%e.méggaeﬁc at %flg SIS R S5 ff\%r?evtﬂ%riaﬁgg ﬁlfgmlmétslﬁnat or
sensor cepmed &5 apopyrbéraility of resonator sensors arranged in an

array and a different m smatch binding nolecule is imobilized on a
surface of a vibrating element of each resonator sensor_ in the array

and wher éPn t hel ieanghed of slamy 3y whetsindherpl yaier film igaitrogsinlgss, cont act ed
with ea i t i ndi cule. 43. A resonator sensor
conprisiﬁgbgga%?bﬁgyg%gggﬁgﬁe %ﬁhaving a surface; a probe DNA
i mobi lized on said surface, said probe hybridized with a target DNA
t o form d0het erldsgupdtbod &NAqins2li whereinathe grobk &N DisAmbdifiied with sshaaig mat ch
bi ndi ng %%%geiqé an excitation source for vibrating said vibrating
el ement ; nalORfEdeet or for detecting a vibration of said vibrating
el enent .

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

n,
37.

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 hybridized with a target
DNA to form a heteroduplex DNA;

said heteroduplex DNA bound to a mismatch binding protein;
an excitation source for vibrating said vibrating element; and

a detector for detecting a vibration of said vibrating element.



37 44. The resonator sensor of claim43 wherein said detecting
conprises detecting resonant frequency, inpulse response, resonance
anpl i tude, phase, quality factor, danping property, energy

di ssi pati,gn, r onse spectru r. sharpness of . resonance.. 5. The
Fesonat of sensontgroaral say Ptmer aRER e i ERR AR R dRer e
on sai dreehimgequdy, ﬂiﬁﬁlgees@@ﬁé@fessm@@amgtiuﬂbglpﬁasé}ium?lf@m, sai d
additional layer is nmetal or polyner film 47. The resonator sensor

of cl ai mMiaGPiEdrencity; energodigsipation; fespanse ppachymedt|shamsess of prsbyancyr ene,
pol yet hyl ene, or nylon. 48. The resonator sensor of claim 43 wherein

Functi onal” or oug APCRAREer ot SieiBR e B Ml Rioh QR

r esonat osaidendare. of cl ai m 48 wherein said reactive functional group
is a thiol group, am no group, carboxylic acid group, hydroxyl

roup, nol oup or hos e oup. 50.. The.resonator sensor of
oo BB, o R o tror B e ferpin Said HoRitoBa 147 o MEELor

through apiya{isphty binding nol ecule attached at one end of said

pr obe . 51. The resonator sensor of claimb50 wherein the affinity
binding nolecule is biotin, streptavidin, avidin, an ATP anal ogue,
an ATP b#Adi ng Tdémesopatopsengomat digimt 46dvirseipdhe pelgmesfilm fnitrpestiglvac.or

sensor o .4 el robe DNA conpri-ses a non- di sease
sequencegggkg%%%ﬁé¥%gﬁﬁg#ﬁgiH§@§i The resonator sensor of claim52
wherein the genetic marker is a nmarker for cancer, atherosclerosis,
heart di dBase, Theatsohater sangat ofcldim3osheecianhdpobe DA isSinhatglised.on 54.
A resonatar, sensor conprising. a. vibratin | enent having a surface;
38 o m SHASEHAiHHHY b P9k EG BcEaNaL afoup alipghe &t oned it eioBS

bi ndi ng mgcul e capable of binding a heterodupl ex 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;



an excitation source for vibrating sg?d vibrating elenent; a detector
for detecting a change in vibration said vibrating el enent

i ndi cative of binding of said heteroduplex DNA to said m snatch

bi ndi ng nol ecyl_e.. e T3 at or _sensor. of. .cl.ai . wWherei.n said
det ect ' ng comprsmehbirilfy REROQRR R BEINRCS Sha fudhdey Bl iterié

i mpul se rcegdinskhindifg aharaRlupRRIDNAde, phase, quality factor,
danpi ng property, energy dissipation, response spectrum or sharpness
of resonance. 56. The resonator, sensor_ of claim54 further conprising
an addi ti onal aN&getatien sowgs fpr yilrptingsaidyibrafing elegdhiat or sensor of
claim56 wherein said additional layer is nmetal or polynmer film 58.
The 1 esonat or SeRSef: i9fdeRlofth & Sar Sl GibfatidhrRALX BEktidgd dBhb
nitrocel |l ul ose, polystyrene, polyethylene, or nylon. 59. The

r esonat oindieativoof bindolgaifiweidheteheivplen DNA toissidmtisthatioh bitiding moleedel e i s
a msmatch binding protein. 60. The resonator sensor of claimb54

wherein e m tch bi ndin t.ein i Mut om Escher.ichia coli,
Sal monel g‘ typﬁ%ﬂ?ﬁo&ﬁﬁ% ﬁeﬂfﬁre&%gma%\,\gﬁ?rgﬁ ?lﬁoie{eﬁg]ﬂ%\mqu%?ﬁs etecting

St r ept oc aGhafpeRn esoRAt Fequéhby, ifipRI1LENOAE FesbRIMSO EmPfituak AHAG0
wherein the m smatch binging protein is Jimmbilized on said surface
t hrough BHIEY &agtoradarBpipg PEIPErtB XnegyalissinbinnL [67POSBNSNSELIEN OF FRarpRoss)
wherein Bppesgillﬁg%tch bi nding nolecule is a synthetic m smatch

bi ndi ng 't gand. 63. The resonator sensor of claim62 wherein the
synthetic msmatch binding ligand is naphthyridine, a

napht hyr B8i ne- &heqgesonatioo semstrydfrcladmay4 farthermcomyeinmghntadditidnadaytrorr . 39
64. The resonat or sensor of claim54 wherein the m smatch binding

nol ecul e3¥8 S¥i¥ffobi | i zed on said surface through a reactive
functional group on the msmatch binding nol ecule. 65. The resonator
sensor of7cl ai Mh@4esthgoehbdhsét dBRIF Wherbianaid A0Ronl IOHR id el of hi O
group, am no group, carboxylic acid group, hydroxyl group, phenol
group or polymer film.

C y

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, Salmonelia 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.



phosphat e group. 66. The resonator sgpsor of claim54 wherein the

m smat ch bi nding nolecule is immobilTzed on said surface through an
affinity binding nolecule attached to the m smatch binding nol ecul e.
67. The rgsonat@Qr. sensor of claim6 erein the affi.ni,ty bindin

moi ccul e s bi DI ROIAET SRPAUT A ZUVBTE G R A
bi ndi ng d@fRbilize®bn 8aib sutfaceithidufle a RtV &iRinctional 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
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.



