WO 2010/ 093334PCT/ SG2010/ 000047 1 LABEL- FREE METHOD FOR DETECTI NG
PRESENCE OR ABSENCE OF NUCLEI C ACI DS CROSS- REFERENCE TO RELATED
APPLI CATI This application clainms the benefit | or] t
of US prowsgizgir?a %%)pl i cation No. 61/152,372, filed Febl}(ﬁjésrcgwfg),oémy
2009, the contents of it being hereby incorporated by reference in
its entirety for all purposes. FIELD Of THE | NVENTI ON 10 [0002] The
present invention refers to the field of biochemstry and in
particul ar to 1léBEcFREEMETHOD: ROR QETEC TINGRRESENCGE ORABSENGE ds.
BACKGROUND OF THE | NVENTI ON [ 000 3pPptumiteicmesspeci fi c

ol i gonucl eoti de sequences has inportant applications in 15 nedi cal
research, clinical diagnosis, food and drug industry, and

envi ronnment al nonitQri .Z%é0004 Most assa)i“s identify specific
sequence t hr ough hyﬁi‘&%‘ Fg B A0 REbA IEQéEPHGMIBBTSt he target
anal yse pdooe] t1Es lagplic@fiod eminkefe yeRek drefliomty br gsﬁs}%@ikfopg' ér/pipggzl?ilf)ﬁq{o.

| abel such as a fluorescent or radioactive tag. I‘'gonucl eo

det ect i oAl/d¢héfesiileh dicbapnr d3aR80%t Get cogtpntsgof 4 bkingshesehyf incerpotaisirby
resonanc ' ' ' %‘)ﬂj@f’]@y nd sandw ch assays 20 using

chem cal f?cer %E%g{llﬂgﬁlg rlétyg g c’r?gts'?llopart I cl es, have al so been

I nvented. Gold nanoparticles covalently finctionalized with DNA
sequences to bind specific t%%@g@ﬁmor ol i gonucl eoti de
sensi ng have al so been used. t s are dom nated by
chi ptbasgdo2iet hopegint dntdntibn defecClo BRide qfetietentiftfyo Ui in particular to

hybri di zati on of an inmmohiljzed probe to the target analyte that is
| abel ed tf%hﬂﬂnil‘f%esfcpﬁmg% deteplon fARelEFdcid cheni | umi nescent
nol ecul ar probes. O her biosensor approaches, such as surface plasnon

resonance, inmaging ellipsonetry, quartz crystal m crobal ance etc,
elimnate the use of bi oBALHY OHTHEINYENTEQN re conpl ex

sur f acen@geﬂchrﬁa&tﬁﬁ%ﬁ Slekifict (ﬁ]gcﬂ{laptﬁidie f@éaﬁ%;lral; 3&& Wl tggﬁBﬁ&%ioMse in

equi pne for detection.” I'n addition, the rzatton
st er 1 al mgdiedd mesearah, rediicplr diagnesisfoediarfdatres indhistey; and enyirosinental monitoring.

[0004] Most éssays identify specific sequence through hybridization of an immobilized

probe to the target analyte after the latter has been modified with a covalently linked label

such as a fluorescent or radioactive tag. Oligonucleotide detection schemes that avoid analyte

tagging, such as surface plasmon resonance, imaging ellipsometry, and sandwich assays

20  using chemically functionalized gold nanoparticles, have also been invented. Gold

nanoparticles covalently functionalized with DNA sequences to bind specific target DNA
sequences for oligonucleotide sensing have also been used.

[0005] Present assays are dominated by chip-based methodologies that detect DNA

~ sequences through hybridization of an immobilized probe to the target analyte that is labeled

25 with fluorescent, radioactive and chemiluminescent molecular probes. Other biosensor

approaches, such as surface plasmon resonance, imaging ellii:someiry, quartz crystal

microbalance etc, eliminate the use of biohazard labels but still require complex surface

attachment chemistry for probe immobilization and eﬁpensive equipments for detccﬁon. In

addition, the hybridization to sterically constrained probes on surface suffers from slow

30 response and low efficiency. All these disadvantages (using complex labels, surface

functionalization chemistry, low hybridization efficiency, and the use of expensive and bulky



30 response and | ow efficiency. M these di sadvantages (using conpl ex
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efficiency ,use of expensive and bul ky WO
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t he chi p-based net hodol ogi es | ess anendabl e for fast and robust DNA
detection for point-of-care applicati orfs and for on-site

applications. [0006] Therefore, there is a need for a nucleic acid
recogni t iTéeRsHEmaNt mpfmimendation) rendercthe ebipibasssl mothndalpgicc kess ameralableter fast
pr obe or | el c..aci RY..CF. THE ENTLON [[0007]1n a
first as ﬁégg &ten%teﬂigrgeogge%flgfﬁo\?gﬁ F'gﬁgé:}@a%)lhrgg%({ngané g("\rlgn“r'?g? ﬁ%rglcﬁ?OJs'

det ect i ng0@U6d s e Therefirre,atherenis e ndedafot argreleinuel accogaitiod, asvdyethat s fabteand

met hod coQnprises: ovi di a nucleic acid probe with a

subst ant if “F'g‘isﬂ%wﬂﬁfw‘lﬁ%}"fﬂﬁ%ﬂ’fgﬁe%Hafgswkeﬁfwg 10 the nucleic acid
probeswith a sanple which is suspected to conprise the target nucleic
acid to result in a first mxture; wherein the nucleic acid probe is

substantial |y conpl ement ar PUMMARY (OF SHE ENKENTEONC| d:  cont act i ng
the firs j7xt U ' ' : d | '

osul t 3 ROQE b ik R EARL DISX SERARGIER RGN | £nBRBAE Ll brdsBnes
acid i s epapencead ajtargetnuckeinasivd witerein themgthod sompfi®e08] I n a second
aspect the p [ | OBy | i.r.ec .g,.net ho f . detectin .
presence or ?g";"z‘ﬁﬁ% 53¥, giag}clt ée)lc?dgg’t%bg J‘éﬁ‘e% gﬂaséalgﬁalymﬁeeuﬁrg{jﬂatcﬂ?gﬁ@h é:aﬁltacnng
conmpiDseshe nucleid avodippabe with gatnylelwhicthia sgpectad toaddnipeise greamgediuele®Sacid to

with a sanpl.e which.is suspected tq .conprise .the target nucleic acid
Yo form Bl Fut Bt Biast WBRGLE auelef goimsot s Stbsh i eompipmeniery o the
nucl ei ¢ a&gpel npeleldacidt th a substantially neutral net charge to result

in a second m xture; wherein the nucleic acid probe is substantially
conpl enent ar yorpgctlpﬁéhq féqsbr@{xhﬁﬁ ibinegapvely: charged metallic nanoparticles to result in a

second mixture;

15 determining whether the target nucleic acid is comprised in the second mixture or not.
[0008] In a second aspect the present invention is directed to a method of detecting
presence or absence of a target nucleic acid, wherein the method cémprises:

- incubate negatively charged metallic nanoparticles with a sample which is suspected to
comprise the target nucleic acid to form a first mixture;

20 - confacting the first mixture with a nucleic acid probe with a substantially neutral net
charge to result in a second mixture; wherein the nucleic acid probe is substantially
complementary to the target nucleic acid; .

- determining whether the target nucleic acid is comprised in the second mixture or not.
[0009]  In a further aspect the present invention is directed to a kit for detecting presence
25  or absence of a target nucleic acid in a sample; wherein the kit comprises:
. at least one nucleic acid probe with a substantially neutral net” charge;
at least one type of negatively charged metallic nanoparticies.
[0010]  In still another aspect the present invention is direct to‘ the use of at least one type
of negatively charged metallic nanoparticle in a method of the present invention or in a kit of

30 the present invention.



determ ni ng whether the target nucleic acid is conprised in the
second m xture or not. [0009]1n a further aspect the present

i nvention {yo MigiRsdsgd to a kit for detecting presence 215:1%(}2%%&)9?
of a target nucleic acid in a sanple; wherein the kit conprises

| east one nucleic acid probe with a substantially neutral net charge;
at | east one type of negatively charged netallic nanoparticles.
[0010]In still another aspect the present invention is direct to the
use of a[OOIéaast Irostél aygber aspeadfthe) prpadrit imteptiondy dizect retthé bieCof at least one
nanoparticle in.a nethgod of fhe pres vent.i on or a kit of 30
he br esBitiEiea0a e i s Fos G sS a5 ek cheeson & Pedinsot o protsatiyston
still anet medkisShBEpresdaeinpe@ioant i nvention is direct to the use of at
| east one nucleic acid probe with a substantially neutral net charge
in a nethod of the present invention or in a kit of the present

i nven{ion. 5BRI EF DESCREGERF: R JROY N ﬁﬁg (;,rgne I nvention

W ll be better understood with reference to the detailed description
when conEldel edTherinzentionrreili tgrbetter wndetstoodovith reféerengego ebnadqﬂukd @m:hmbm

acconpan A | ust

det ect i oir?hﬁg)lglcg\%ﬁﬂlréw% b@hﬁm{ QP‘S%% Qﬁ%%‘ Ié_IJC é?:é 3}%”1%18? &P‘%gﬁ? 5cwqaﬂgng

first as#«aMngs;‘thteclpresent i nvention. Negatively charged netallic

particle ersed duge tg the r on of t ech rges  at

the surf RO0bs V? 1@%3@?8??‘85 Blfr cfecheLPEARPIE ﬁ%rsthafﬁs%%fm Flfic goid; aceqrding to

col ot0 ( stharfidsn@spect 6f the( piebdne ipvtinti6n)! Né%nﬂél? GRAOMA Mehiie shdidiar &Rt well
Contacting t ively charged netallic

shades f th articles).. at
particle Slﬁﬁriegéﬁ‘gé‘ﬂtheﬁe Isien of thsshatpesat dhg ’F‘-Eg’é of therapiallie partieles prd thus
aci ds r egdpehrSini irdt &QJ)loéf'staﬁk}%HQﬂnt w8rtRndidide W§ho%% dlﬁ" reljxtsshades for

aggregatlon W th t ferent nucleic acids. The degree
aggr egat maal@&fé}ad@n&?hnwhwganmﬁ chaged metallih pargielss alzspemi #us fsalotion

of the ngiRldifrGeR¥iddsCdSRuchiCaal &sH8%PY 513E cgin LR8N dielidls degrees of

15  aggregation with the different nucleic acids. The degree of aggregation depends on how well

the negative charges at the surface of the metallic particles are shielded by the different kinds
of nucleic acids. For example, in case a nucleic acid probe with a substantially neutral net
charge, such as PNA is added alone to the negatively charged metallic particles (left
pathway) the PNA binds to the surface of the negatively charged metallic particles which
20  leads to a substantial shielding of the negative charges and thus to an aggregation of the
metallic particles. Aggregation of the metallic particles takes place because the negative
surface charges of the metallic particles are shielded by the nucleic acid probe with the
sﬁbstantially neutral net charge bound to the surface of the metallic particles. Due to the
aggregation of the metallic particles the absorption of the metallic particles changes which
25  can be measured. In a detection assay in which the nucleic acid probe with a substantially
neutral net charge is at first contacted with a sample which fo} example comprises the
substantially complementary target nucleic acid (middle pathway), the nucleic acid probe
with a substantially neutral net charge, such as PNA, anneals in the hybridization step
following a potential previous heating step to the respective target nucleic acid. Annealing of
30  the nucleic acid probe with the substantially neutral net charge, such as PNA, with the target
sequence leads to the formation of a double helix between them (PNA-DNA-complex in
Figure 1). This double helix now binds to the negatively charged metallic particles but does



of nucleic acids. For exanple, in case a nucleic acid probe with a
substantially neutral net charge, such as PNA is added al one to the

negati vel y. Wﬁhz? tallic particles (left pathway) t | to
the surface o {[?ﬁgssﬂggat ively charged netallic particl E’%Sﬁ’“@@’%

| eads to a substantial shielding of the negative charges and thus to
an aggregation of the netallic particlés. Aggregation of the netallic
particles takes place because the negative surface charges of the

met al | i ¢ npticduse beenable Qgieghtﬂmcbfhye ieallivusdridles @&cit do@r iflbelyvwhe Rudlbie acid
substantlally al e. bound to.the surfac f the. netallic
particl ed'® %‘éﬁgﬁ‘i ﬁ'ébsg?ﬂé?l gﬁ? ngk ¢ r&EaFr%e iPefontacied éPﬁ tﬁ‘él“égaq"ﬁlé’ charged
absor pt i efetdfic particleR Tals| differpidetlbdds @Sa ﬂffﬁ;&ﬂl@ﬁbé&@tﬁ)ﬁ vARclC & l:pﬁneasured with
nmeasured. |In a detection assay in which the nucleic acid probe with a

subst ant RANO{PMELT TS &YER "b‘*FPA‘? ¢ thesnaked eye. shlse.othe Alegreg afj agaregatiomel the
whi chs f opegioap &mcgearnﬁetﬁﬁé ﬁhﬁlééﬁ?ﬁ%ﬂf}éﬂt%' chs€ %Dhgaaet @{]dygltoﬁé it the

nucl eic acid (i ddl'e pat hwa el ¢ acl d probe
subst ant pulistaptiaglbun n@tchetlgarls;euxedumﬂl asmﬁplA whacindedssnot wompuse the target

hybri di zat 480 54185 foﬁ-{el' g a%d? %thﬁ hotd evﬂé&%ﬁ?ﬂﬁ%ﬁﬁ Iél?egrrucieé Cficd&) pro%e

respective target nuclelc aci |ng o
probe wi {rght pathwaj@s Azainithd ﬂggreueuﬂalggﬂegatmm of e geativelg bhageditiétallipatticles

 hem ik RRCREAT e 4 i Eeomes By nl P o i
t he l@gabd:tweéryﬁﬂl?ab tenivntaey target Radléic @tblﬂ§ atdar &40 B8clei¥¥akids which comprise a

2010/ 093334PCT/ SGZOlO/ 000047 4 not cause observabl e aggregati on of
t he met afiPBIE ARG elts Bucleie agideseqpence spippared to g andleigack probe avithi thp

the su bsﬁlﬁl@iahﬁdliyﬁleﬁﬁéltﬁe?&hafﬁtas YR el sh&v&ﬂ%@@faﬁgﬂé@' RS ﬁk?&ﬁ"@eg gy

charged netallic particles. This difference di rferent
absor pt i Bi8uKhi6¢h can be nmeasured with a photoneter or is even visible

to the n @1 Yhip. ugtp:ﬁesdﬁlgr offime ?19% QAR Q{thé%%uc‘%eicggrgg? éfaeihg

charged netallic part es Is different i n case
pr obks wi particlpe amjlsgnfactbd adt| frshovitlr ahe sabplehwhgph iss suspzeted b t dondprise the

ol Sl RIS 1 RE5Y DA abnEbid 4y R

(right ptthwely.acidgaole whie adelgxaaalf nayg! Rgahirge had a hipghertiodihg Wity to
charged aII es is different, s,leading to a different

absor pt | 1% pg‘?f@#@ﬁﬁ“@é\%}ﬁr&é‘ Fice WEHC*‘F’é‘E'gtn‘fq cqraprised in the sample,

such as the complementary (target) nucleic acid or any other nucleic acid which is not the

20  target nucleic acid (non-complementary nucleic acid). Thus, complementary (target) or non-

complementary nucleic acid (1) which after mixing with the metallic particles binds to the

metallic particles is at least partly displaced after mixing with a nucleic acid probe with a

sﬁbstantially neutral net charge (3). Mixing of the metallic particles with the different

molecules, i.e. complementary (target) nucleic acid, non-complementary nucleic acid, and

25 nucleic acid probe, results in a different aggregation of the metallic particles which can be

detected. In case the metallic particles (2) which have already bee;1 contacted with a sample

which comprises the complementary target nucleic acid, the nucleic acid probe (3) hybridizes

with the target nucleic acid bound to the metallic particles and binds to the metallic particles

which results in no detectable aggregation (4). In case the nucleic acid which was mixed

30 together with the metallic particles (2) was not the complementary (target) nucleic acid but

the non-complementary nucleic acid, the nucleic acid probe with the substantially neutral net

charge added (3) to the first mixture partly displaces the non-complementary nucleic acid



10 between fully conplenentary target nucleic acids and target
nucl eic acids which conprise a single nmutation in its nucleic acid

sequence c@@ReidsH9 the nucleic acid probe with the suyRsianbicabdeys
neutral net charge as has been shown in the exanples referred to

herein (see also Figure 16). [0014] Fi g 1(B) illustrates an

enbodi ment in which the negatively chaPged netallic 15 particles are

contacted at first with the sanple which is suspected to conprise the
conpl enemiready boued 9dhy metalicaiadticlesi(8). This l¢ads & amsapeodgatidrewblieh eat beodetdeted

based on | pdi . aucl ej.c .aci I ob i 1.h subst.anti al |

neut r al r#é Feg a{rz)g;“!(ﬁ%éeptgtt ﬁ?‘g&&ﬁa °|nr}vcﬁlﬂjglsa‘ﬁ?tf)"ﬁ'r"ts@“w%hf’wgthﬁﬁ%ttlf’?é“ Fhic

parti cl eshet madeianyidoplobe inmiked withei Arswimigiarerin@ivh Belded iid s@tplbmerdi

sanpl e, such.as the ¢ | erent ar target) nucleic_acid or any other

nucl ei c ztaﬁﬁt)\ﬂ‘w ¥ qcédoﬁ&‘%{ﬁée?eéttérs% odirpeny pilggse see also the exemplary

(non- § 0MBINB o HeAt i 8iiiseell sddtion MittSthe ﬁﬁ&?*ﬁ‘e?@%ﬁbﬁ‘bf’p&laﬂ{x&%d)h : hpr@A-DNA
e

non- conpl enentary nucleic acid (1) which after m xing w
met al | i c SprEPlex Bithsinglenbpse-mismateh seabitivity esipmAulNRs awl AgNBS” | east partly

di sol 5 . il . tiall
neu o RSE Lok % o Uy A Cafi Al hitoRh S AdES ol URE R
di f f er enPNan/BNH aixture EDNAadp Phiden tamopnifatomngist ) mMcITéﬂegstaﬁ]i@., otl" AuNPs
- | ei ' d 2 ' i d ) ts |
2G££ or PR B Th e 20l PRSI U S8 SRR Sloame Siitencs (o0

det et® edhylridizatie® otdues) rae tssDWADWALYPNAeqtic DF O8] &l D@ kseshalvh ERNR -ih@RBd

contacted th a sanple which ¢ ri ses e, ¢conpl enentary target

nucl ei ¢ Bad'}en f:agg{gg%”ﬁfg?%n%(gqt@tagg\g%en(sg?%ﬁm FeAEEG®th the target
hucl ei ¢ o6 bomgd3tshowban ®lerhy iof 8Pskkd 6F €V-3Cadabiplen lsPeckllf of AuNPs
metallic _particles_which results in no detectable aggregation (4). In

case t hedisRfapesh 8 differgntwelish Insgls arg & elgsslpok af daKelengths arovnde53fcam |ahd 600

particl egn(2) was not the conplenentary (target) nucleic acid but the
non-conpl ementary nucleic acid, the nucleic acid probe with the
substant (081Tly &gt # showe tan ctvarlgge of @ossany 8f UMevis rassérption speciiur ef AgNPs

partly disphaces diftGeRoa ko MRLE RN Ab¥e 104k 2P havaSidhs around 400 nm and 600

nm.
[0018])  Kig. S shows PNA-induced AuNPs aggregation. UV-vis adsorption spectra of
AuNPs (13 nm in diameter) exposed to (A) 13-mer PNA,;; and (B) 22-mer PNAy, at different
20  concentrations. (C) Plots of aggregation degree (measured as A600/A520) versus PNA
concentration for the 10-, 13-, 20-, and 22-mer PNAs.
[0019] Fig. 6 illustrates that PNA has a higher affinity to AuNPs than its ssDNA
cbunterpart. UV-vis adsorption spectra of bare AuNPs and AuNPs after 10 min incubation
. with a mixture of PNA,; (200 nM) and ssDNA of same sequence (termed as noncDNA,.) at
25 DNA/PNA ratio of 0, 5, and 10.
[0020] Fig. 7 illustrates that PNA-DNA hybridization disn;pts particle aggregation.
UV-vis adsorption spectra of AuNPs solutions after 10 min incubation with PNAz; (200 nM)
annealed with its complementary DNAcomp at 0, 20, 40, 100, and 160 nM. The inset is the plot
of aggregation degree (measured as A600/A520) versus DNA/PNA ratio.
30 [0021] Fig. 8 shows stabilization effects of different nucleic acids to AuNPs. Photographs
of AuNPs solutions taken after 10 min incubation with ssDNA, dsDNA, and PNA-DNA
complex (20-mer and 13-mer samples), without and with addition of NaCl (0.05, 0.1, and



WO 2010/ 093334PCT/ SG2010/ 000047 5 al ready bound to the netallic
particles (5). This leads to an aggregation which can be detected and

| eads to a“;a f differentiation which is distingui fro

the situati o%gl{oﬁﬁ\sfaglgch the nucleic acid probe is m xed Wzﬁm{olo?og}
m xture whi ch included the conplenentary (target) nucleic acid (4).
Wth respect to such an enbodi ment pl efise see al so the exenplary 5

enbodi nent in the experinental section with the title: "Detection of
pr e- anne & ISAMPMALONA afinpibetionnart shawm Jhe rdspetiveiliivmiscldsaptiai dpiestid ate for

usi ng AulRs..and. . ~ 10 9. 2 shaows an, UV-vis adsorption

spectra S?I%B\%Nﬁ‘élﬁgbr\ilgé %uﬁﬁgﬁiﬁﬁﬁgéﬁo?ccﬁn%(ﬁ PlRuGFica ési‘@ﬁﬁ.‘?} ma20
concent r §0022h i Bigl IpMustidies stbilizdtionYeffectsAUNRSfeRAl WhileRSacRIPRSAENDE (A&
mxturesggf t he, 20_ ey and ssDNA of same sequence (no 1

PNA20 (1 AM ) ] 2q
hybr i di z&PPGREBRCYT SENAE sQRBRRy Toerdsd pRer | min 1Bgubgtions withrggDING\, jdsDNA,
showns PIRNA-DRUC finflat, tan@ PN A YEH-RidAkdnles) SURIIE af@ ta%taltr%n\'&ﬁxgm LR
is in great excess 0(516] Fig. 3 shows an overlay of 8 scans o
UV-vi s a@Rusepration Os‘ie@-tlr and &5 NoNpghegtind o irabation. (B ) dndr(E) arevesiesponding

| nsets a : : t . nd 600 .15
[0017] Fop Ty R iondg et ety S B RbPURNG G N Ry e il
spect r unrafceritios ofied pedisiecicids idi fdMer(BiYt = hephtsyellows EYs= dpkt wlloWoVRY =
| ook at vel engt hs around 400 run and, 600 urn. [0018] Fig.. 5 sh
PrA. | nubBH DR s Pos AP RS B, T Jentmeit 1 OhP opeebs el et Trs
um i b0 di asmpeept;)exposed to (A) 13-ner PNA13 and (B) 22-nmer PNA22 at

different)0 ég copcentrations. (C) Plots of aggregation degree
(measur et33] Actigr HEBlystrajes sinple-Piog ruigmateh disgHmisatipn in prerannegled PNA-DNA

20-, andceidplekds. TRASs adsBphdh s%éﬁg:a 0 (A) AuSbd Aaq®) AP BNGr 1R RuRinkiaB6s

affinity to AuNPs than its ss counterpart. -Vi's adsorption
spect ra’ BithpEN& 1 pIpgunaaled Avfhs camplemen@ryyi (PN Aveud aando rringle-basg-mismatch

m xture giNg ﬁét%%u{ammﬁmm? fe - i
noncDNA. @at_m%_& PNA ratio o?%ns, mgi %8@8? %‘g&ﬁs&bﬁon' Final
i |1 ublr arwoleie acad coppnttion isybpMdi zat i on di srupts particle aggregation.
W-vis a ti of, AuNP uti.ons aft 0 m.g.d.ncybatian
LY S CERTR PR PRl NS S AR SR A B il
40, 100, withdNAGn DNA/ATNGs infisttesi Soloh hqtbgraplaf ofag@ Rgaid AGNHEgiaR with
(measure s A A520 rsu PNA ratio. 30 211 Fig. 8 shows
Stab || sONAsmPepN Bt fﬁﬁm Cieh eonsgreie lab‘l"’é_s"f{ &%Ai;ﬁliﬂiﬁf: and (B) 22-mer
Phot ogr agfiglef béfofsPmdSaiter tad@ikisn lof k&pedive NA Qfimdl boh&aR@sd PN, tNuCl s
sle\% d , gndd PNA- DNA
er added into the 22-mer sample wells.
{0025]  Fig. 12 shows the results of SPR measurement of target DNA hybridization to
PNA); immobilized surface in (left) 1 mM and (right) 0.1 mM PBS buffer at room
temperature.
~ [0026]  Fig. 13 illustrates AuNPs-based colorimetric detection of specific DNA sequence,
25  using AuNPs’ intrinsic stability. Photography and corresponding UV-vis spectra of (A) bare
AuNP, (B) AuNP+PNA, (C) AuNP+PNA-DNA hybrid, and (D) AﬁNP+PNAfDNA mixture,
[0027}  Fig. 14 illustrates AuNPs-based colorimetric detection of specific DNA sequence,
using AuNPs’ stability against salt. Photography and corresponding UV-vis spectra of (A)
bare AuNP, (B) AuNP+PNA, (C) AuNP+PNA-DNA hybrid, and (D) AuNP+PNA/DNA
30  mixture exposed to 0.1 M NaCl.



conpl ex (20-nmer and 13-ner sanples), without and with addition of
NaCl (0.05, 0.1, and WD 2010/093334PCT/ SG2010/ 000047 6 0.15 M at

the end of _jncubation are shown. The respective UV-vis adsorption
spectra arg}qzﬁ}()%gﬁgisﬁti ons with 0.15 M NaCl. The fi nal c‘%ﬁi‘&f%%fg’r"é‘t“i"’dﬁ

of all nucleic acids sanples is 1 gM [0022] Fig. 9 illustrates-
stabilization effects of different nucl®ic acids to AgNPs. (A)
Phot ogr aphs of AgNPs sol utions recorded after 10 m n i ncubation with

ssDNA, dsi0f2g] 5 BaASDNAstratespABYEs-trasel E\BrithdiHe detectiang ekt DINA fing DNA
and with addition of Cl.(final con r.ation O. 0. a .15

2t the ediou: PREaaphY i (qareihepits, 03 il shiacioa) ARATINA am th
adsor pt i ciudpeBEDNA (2af. DNA Bytdid bkisedddi. MoNacf NaCl (0.15 M,
respectivy {ﬁl The fli nsﬁl concentratjon of all nucleic acids is 1 pM
(BY = br i[§ 9y e Mgy 6 shows ajsphpmatic diaggam fag soheme used for epercoponen;asgy for
br ownissh;deteBrion lo i SpVer ' : L shi: Ti.= .
transparer?t) l?]ogg%iﬁ%?{) ;stﬁgﬁ gt%hgiesscgﬁgflgﬁs%gg? lg};}gt gl#gged metallic
di scri ni watticls. Ta gm@t@bmemeéomiexéés whivh wresfully somplememntary

¢ (B A 10 .11 pad ncubat i i th PNAL3
ot o anmedr S§Plie HERRIAPteit hone S i it el BicHEURS, B, lplerntes
( DNAni ) tsachgsstrsiclew achdsubmgprising/singlectohde mismmtdhf inMaCpogiferDogthdYargdt sédience

end of i ati.on. FEinal nucl ei ¢ .aci.d concentration is 1 g.M__
[0024) FEHY 8 HostiblP oo 2 e MBrifieastosr Snion: bor memu thecaditionof
of PN hyionodaledtcatinsykich doNédium JANNIBUNES!) Br diviled catfenb @ the hybridization
phot ographs, of AuNPs_and AuNPs_m xed wi th DNAconp, DNA',,, and DNA'c
(final cOHEWR PLESeERd Muxigge eAn funther hangs thendeeres) obmetallic Rarfiple aggregation
bef ore apdpebinglonddRbthdr@unl coBpRaehiaMPor MM1é-bisddhi ' id i
aM . NaClglljs glg further addgd i?\t 0 tr%ezz%erﬁgﬁ%lsgm&gﬁ%&%%%%d '
Fig. 12 spopEsedHa thedast sannle. Apheskess demensiratesf int the guperipigntal section, such

hybri di zata ; 4 i L4 3 i .
(right) ittt aforl WibasibEE0E bt 68 ttéﬁeihép%@g"f h-?-ef"*‘*%'ﬁsééfﬂﬂﬁfgswp%?q"°femg
i |1 udfr athedenpegpiyradadenieaso hyhridization stridg¢neyt i on of specific DNA

sequence us{hg {AU be i insic stahility. Photography a
correspoﬁ%ﬁﬁb UF/[é\'/ilg g@g}é "tr’%%{?)fc O%R}n EY getiﬂﬁﬁ,o(ﬁﬁlglﬁ%ﬁﬁ%ﬁ%ﬂa chfA) bare
A:J :\IP+ PNAADNR kytosed to a?md (;B))beAlQBP-HRin Bhposad xb LPICA-TLIDY %f%inpﬁngan' taty! DNA
illustrates AuNRs; ed col orjmetri etectio specific DNA
sequence@lﬂgﬁﬁgg)@m FEIY ﬁqﬂ%—s%%q?gq-ngsgpqt& @ﬁét‘t%&’rp y and
correspofai3np Wigy I8 ilBResks AgNPs-baved RaToginti ictdcBdn 68 NREFDNASequence,
AuNP+PNA- DNA hybrid, ,and (D) AuNP+PNA/ DNA 30 m xture exposed to % 1M

Nadl 20 W1 T/ RIGSAes PETAC eI b0 Bbwsagranhy g ppremogding Y Vs perter @A)

AUNPs - baA@sipGPNAr dndR By heNBSPRALHRA Wbl Ak @Rt R dtsd i dPNA probes.
Phot OgraEQjé and correspondi ng UV-vi s spectra of zA AuNP+ssDNA and

(B) AuNPH¥SENA Fig. g19 RrelBsyhgsedd \coloximetrael detsotorl afl diagle-bafamRjatdti gsing
16 shows_za+ et ' f e - nent, as

or 5 dePRUFED MGy, kA Ml PhoBBhBy HICoriSionlRE EIS UG ST
negat i ve AgNEHENGe (BireAgNB-HPNASBINA cbhmplembotafy) hybréd, ahids@)i nhgP-PNA-DNA
bet n et. gucl.el.c aci which are fully conplenentary (Conp) to
theV\%ucI ?é’p‘g}:ﬂﬂ eﬁ?@%‘@“ﬁﬁh’gé%r get nucleic acids which are not fully
conpl enefl0aB)y, Bigc20 siHwiliV-eisGpedtiads AUNPRS A SVPY) asd he hixRASer thé st ch
in one p&ﬁ)béiaon%%f t he tatry%gt sequence %_I\/[L) it is possible to alter
the hybr t i B 2h kv BYRscompanertdetistien of paglechape mésmaggh in DNA, using

mixed AuNPs and AgNPs, in the presence of 6.1 M (up) and 0.2 M (bottom) NaCl.

30 DETAILED DESCRIPTION OF THE PRESENT INVENTION
[0035]  The present invention is based on the fact that the absorption, such as the UV-vis
absorption, of dispersed metallic nanoparticles (NPs) in a solution changes when the

nanoparticles are aggregated. The aggregation degree is influenced by the exposure to



10 nonoval ent cations, such as sodium chloride (NaCl) or divalent
cations to the hybridization m xture or second m xture can further
change t hewgegigmsi metallic particle aggregation dependididofdibogos7
whether a fully conplenentary or single-base msnatch target nuclelc
acid is conprised in the test sanple. As has been denonstrated in the
experimental section, such differentiaBion is possible even at room
tenperature, i.e. Wthout a further step of increasing 15the

t enper at @iféereny nielecamisle. Thibfactitandieivsed wtar¢ate@ detgctignCRSG] Féri spch 4 detection
AuNPs- ba colori ric detection of single:base-m spatch.. (A, bar
AN x posi Pl i S Pl BepB e BiPBRAceTbsRl - ol € eiieb iy
[DNA c i)rrpﬂagmc(iﬁ)tioﬂowﬁempaseﬂa:gm tlafgetb miaamd: leci@@s&hra'smd Ghd M.%Eﬁhﬁ&ic
0031] Fig., 18 illustrates NPs- based cal orinmetric detection of .
specific a%m@équ@h ,SM&@GW nefchange pe such; afiybid pta trgebppsleig acid
Phot ogr aplith B0 Guslelcr REPSRBE Tamidd-BY SoniGhtdiay Hindidd of ehbet TR Rk
AGNPIENA DA RY BT 5. o Thontaa i T e Nat%y._nfqﬁ%g] ';%" 1 o
AgNPs - bagageig 8fidprohs; ppdnandivbedizeshméftures pipucldieawd probrand farges nugeic acid

particl eg; il j l.1.; [ j

D vi o pieris A0 spaifod HEwE SholfPlabig SENRRBORRPYG B SoiBleh SRR bdfle) exen
hybrid, differénCefigagNin-biltadbillic @RosBNcles bdhavior dacidithéindiffefeniNea@ity t¢ HOS32dt
Fig. 20 sh UV-vis spectra of AuNPs, AgNPs, and the m xture of the
t wo. [Ooyﬁ\%rﬁ?ﬂg’fnﬁ%ﬁ@ %b-corrponent detection of

si nglige- b&}nf%]gi imiﬁsg:in hrﬁr&)l‘dépd Oecgﬁienlggmmﬁﬁfpﬁwﬁgs @ggééﬁﬁf’é%m bh@etecting
presence o . u n . .(batto . ,
DESCRI PTPW@F°¢¥IEgﬁ%‘§aWﬂeW%1€ eﬂ‘t" bas8ptem Tt methqd dpgs Rateeqyiyeithat
based onafef haGholtdids belvaPEOmBthdibd SUSACRY th hesdHM-pHase. 206 S8R dnefts
of dispersed netallic nanoparticles (NPs) in a solution changes when
t he nanop#fcatbedisperiedin 4 tiayidios dquepnesolyipne fos method eepises:s

i nfluenced b MD,20 10, 520 .
di fferent nuiérlo_té’?fgl?gg% Pgil%'elgﬁfdgpr act c;?ngug%%&s%gg% cr ea?’ {éé}gggng(tyg%tt?cgﬁg
assal? Fthe nycleis asiddwokecwitiva sample whinhds sispected tdsomptibe the S naclticatidyto
neut r al u G hybri di zat i on of
negat; vel S RAFEREn Rl ey BRGeAPhRAT: b BERER b MERM CoblafRientife & e
nucl ei ¢ tegetimmicbecidj t h t he substantially neutral net charge as such,

a hybrid of a tar.get, nuclei.c acid, 5 with the nucleic acid, probe .
fornmed by co?%’ltt%:?fa%tﬂé‘?’ §f%iW6Pﬁegwb negatysly Hl?ﬁegi ’Eeté‘ﬁfcopaﬂ“t[% QuErs fn 2
aci d profeondmiktren hybridi zed m xtures of nucleic acid probe and
targ nucl ei.c acid ue to no matching.in the nucleic acid_sequence
and ﬁyus' no ‘é“é%‘%‘ﬁ’égﬁ"tdhﬁﬁ‘ﬁr @F W‘?‘i@‘)’&%‘ﬁépfi IHFIORRIISER 0 1B FELREMBHUTE|RE nOT.
met al | i cjgpamopant die! @sbdaphéntithe tast® nulleichalid icdh ifwerget @bl dukleid fid or
interact with the netallic nanoparticles. 10[0036] Thus, I'n a first
aspect t plahsieddanget puplaineqidnVith this method dhe presenpe eibebsercedbrapedifiytarget

presence Qe - [uel el oy e j .
ot hod qBeiric a8 PafeRte Rl BB du@itint e fudit 4bdhn bl defgmined
met hod i spully by ackstuing ferobxahpid dtwe absaftanceo np ehage sinupariicle afzebeaused by

or ovin ripendiafo it pefln SRR TRR bl A g S PR R eaton i

char ge atwinpletelyaeparagd from detection, thus eliminating sterical constrains of surface-bound

probes or labeled probes which slow down hybridization and the entire detection process

dramatically. This method is also easier to use because it does not require a modification of

the nucleic acid probe or target nucleic acid (labeling with fluorescence or radioactive
30  marker, coupling to enzymes, etc.) for detection.

[0038] The term "nucleic acid molecule" as used herein refers to any nucleic acid in any

possible configuration, such as single stranded, double stranded or a combination thereof.



15 the nucleic acid probe with a sanple which is suspected to
conprise the target nucleic acid to result in a first mxture;

wherein t acid probe is substantially conple e
target nuc elr}gﬁ)amsg contacting the first mxture W”%ne%ztﬁo@ﬁqow
charged netallic particles to result in a second m xture;

det erm ni ng whether the target nucleicSacid is conprised i n the
second m xture or not. [0037] In one enbodi nent the target nucleic
acid is aqdc&bcedcidsnﬁaudaa&)gmtstaﬂwnmmnmduchsomthab@ﬂ@gaﬂa&@eg off k€ D®IACor

acid. W his nmethad t resence and absence, of a speC|f|c t ar get
nucl ei ¢ ta”@\“%g ﬁ@i&%ﬂ@&t\ﬁ ?@eéngb&gqserbﬁ@g IRGtels 16k chemistry ?ﬁt@#@pelew
aci d canaba rﬁatﬂ@(nﬂqt),rmA%me@Memﬂ&wwmA ﬁbleemm £ 1., et al, J 4m.
absorbance or change in particle size caused by 25 aggfegation ih t

particl e Gemuaco2004hi2$, ﬁ%’&ﬁ?ﬂ S\ [N A mpleuletifab e imeodificsi R4 backbone with a
hybri gi Z?r;étlgnedes bﬁ%@jb&wﬁe&y &F pﬁlrdab%d ‘%’ﬁlgﬁnl alseg'f ofs &sQ uﬁng alt%e? (ydtype

elimnating - sterical constrains of Sdrface-boun es or
pr obes wibmiigusdtion; provwdinigythe redpertitve ml&nl& wiltea h@xexr dupled gaiilityreni mocless

equir e Rt CRITE G mioeelle RLATA PRiscl S s Rt ek e IR dNA

acid (I ahaweg)ﬂ/gehdsmicl mmm@ ﬂl’andl aiitbex’éCdiﬂgl@oB@oﬂmé Kednded ®hBh niideic

to enzynes,, et for g\; 0038]. . The term"nucleic acid

mol ecul e41d £apy Soeﬁlét‘ 4p SYRGEUR BNA @erqraic JINA, icR N syntlsiici DNVA, a
conf ijgur etljoq)ﬁnerscsfctamsmﬁl oBibb Rtk desd QU Bl ER RIAr aQéngdh of between
conbi nati on t hereof. 2010/ 093334PCT/ 52010/ 000047 Nucl ei ¢ aci ds

| ncl ude ﬁ'éﬂ“tﬂds*toa??céuwdﬁ‘ble@e@l eSpechKA nieleiscasi b mayafysthermess cotitainhion-
or RhNA.GeRehakAE agbRs hucl eoti de anal ogues or using nucleic acid

chem stry, f!lockegdrﬁﬁuf:i{‘%;J Sétci d nol ecul es (LNA), PNA nol ecul es and

t ect o- RNEOFB] eciMany n@deqidemelo@es aget krgiwn, add calirbe Givesent Suffor (200i4) the

126, 407 s.a modifi NA backbo

net hyl engjeélglz%étethge? AT%A&C%O%‘@%MO%?SC%H‘I’CEC 1? © FRuaniief %@ggﬁr"?ﬂ}?& ot
in alft fovdnstancé itgiasd, isogar, rpheiphategnéibiesr &S pe filusirativedxagiplepa silistitubion
hi gher dupl.e tability nycl.eas; sit,nce Unl | ke a PNA

mol ecul e° Qjﬁ PR ﬂﬁteéc"&sgﬁﬂgé“ﬂl %ﬁaiéeta% Hfaidusin PWIRIGAITRIG Ve
genomi ¢ ko Subilifebf ﬂteQ’éQ;ﬁbﬁhﬂNAW@dﬂ@caﬁbMt&h@baﬂQHm ﬁtbﬁlﬁé‘(i’iﬁtﬁiral and
Such nucl eic .acid,. cRNA,_ synthetic genom ¢

be
cDNA syntgietic 035011%0%108; ﬁté‘i‘d &, Iﬂ\ﬁ“ﬁ‘ﬁd’m or dtmgbqlme basstsi %'e% as
m cro RNAaBaSiyl0 hipd:@Rdino.f, fRt WenncdeMh-o%, e @l %Ch&?ﬁ;mﬁ&t‘é of L fom-
A respective nucleic acid fmay furthernmore contain non-natu
nucl tumﬁmedg@égnde{m@g thas mjicleotidecapalogees panlecg oty ersabbisas Kinivansal
can be /
nucl eot i d%éiﬁlguggéelﬁ{r nu eo%ﬂatr (?e con%ﬁs%g%eém%l @liéc%ﬁogﬁaltasigm
for inst mtheny hvehebé)w, %sﬂgmo;ilfmathmad}ehm brooebined. wiks farexample a sugar
illustra stit on.. of =OH resi,dues o
2'F, 20 BBl ot AR 4 BBl 2 o GRS bl Cpribast Siut%
of the rmpee.me&duﬂwstawﬁtjtfl cations at the base noiety include
nat ug al modj fi i.ons nd T/U, different
pur i fre oﬁ’r&g%. I?ﬁ HB&B‘&%’Q Prétl?c %%S‘E’F’&EWJIJ’B‘&W Y, CRSKEEN FefeR 1D g¢eral to
and 2- am NRRRAN abid dwiich &fnpMikd iABeaA0Hf PR nBRndl' ndpafively hdpel r?l‘tﬂis@eor
nucl eoti de bases. O her. nucleotide anal ogues serve as universal

bases. UiRox¥nROse-Phespbedipsier] brrkbanenp thagldpne ovlich gl mot rehanged {goital). With
Uni ver sal l.e. t r

o sl AR Sl i B0 Ly ) Sl v
nodi f i cathacged gsauphswh af e megative gromp of a pOsitivt gromat loyt as thisgdoes mtanfhieatzce

uni g properdies i eased dupl ex st I|t 0 Th

huchE; DB Bpasfid, it nd REETIRH plitR S Thelbdhic matficlst gr Jpotimepefs o

i n generhgtap tiee pusithvei it mgitiewhaghs et isﬁﬁ%iehﬂ&i palshcefthd ElﬁelﬂéH H@éative
charges of the metallic particles.



WO 2010/ 093334PCT/ SG2010/ 000047 10 [0041] For exanple, a nucleic acid
probe with a substantially neutral net charge could conprise gjutamc
aci d and/ oyoagRalds¢ acid to introduce negative char gespdsd3io00047
wi thout affecting its ability to bind to the nmetallic nanoparticles
in a nore stable manner than nucleic acids, such as DNA or RNA. Al so,
a nucleic acid probe with a substanti aWy neutral net 5 charge

nodi fied wth |ysine, which has a positive charge, could also be used
wi t hout 4£0048¢ti For exampiie; racmicimialacidyprotie with ansnbbtenttallycietral ndsecharge could

referred her ein. .For. .ex le. .a PNA used.as nuclei ¢ aci be.an
carrying CQI%B%% @ F@gn% %%{(ri %%?ﬁgﬂgv\%cw P E‘?rﬁgucg\)beﬁa%r ‘g"aﬁqef‘ g% ? N;qe Wﬁ?‘g
met al | i c affestimgatstabitite s, bisd ththa segdlicnanapatieled inCd @ 6reafblSmethed than nucleic
nmodi fi ed nycl ei c agj prﬁ%g C%Es cause_even nore aggregation of the
metal | i caﬂﬂﬁo?}slha? A OFHtS AL héso1 @ wislels fidiprgpeyWith ¢ bsigntially neutral net

POSi t § VelkNarg didiiefedntith ElySing ClvHich! IRRES posiHed) cRir g Ndufd® RisB b ugdde vithout
[0042] In_one enbodinent, the nucleic acid probe with a substantially

neut ral ABectiagdhefmptonglity of the Autleic geid prckecreforad (te Sexain) Fof gougile. i RWMA

enbodi mept P i - | e:6 i ' .
SUbst ant Lafsy MAIGRE U e SR e Al pBliEue Ehled VAT SHI o Bind eyen gy
bi nds noefedivElydo megdlljc nanoparticlestsath acgdld namupeaniales iacd ewcht hmndibdiAntdleis

maki ng P itable toal faor use in the hod .qgf. the present

venti ofttd Btk AR Gulsd Sl Rort' SeteButor” o Hrudllc ifiRomtRL B e
i nvehd i osensiivity oxihgslighdy pbsitively shasged duadleid 21d seIpiuveh bOPRNA 20 be RljAed. N
that it gg i ses nucl eabases I—b(ﬁever,, ir]}s?t ead of a negatively

char ged Bﬁ) :[)ho eegpbofumsph, dhe nycleig Arid preteavith a pukstiatally neiral pef fhanee
conpri sef néPa sinpRetsiRe ENA geDRagkbone. I n nore detail, in a PNA the
purine (A G and pyrimdine ﬁC[ bases are attached to the

T,
backboneld0Rbughn e shodiaent 3 9T°b1l325rﬂ§a‘§ assnuclgig agibpoRRWitkggubstagsially
anal 0gs AhuuRNRet RO IE wad PRd Yt RH exGAPRBNA Blhds m?é;kﬁ%ﬁg?lgqg g%i metallic

noi eti es or phosphate groups. [0045] By conventi on,

| i kelepringparticlgs thian DA fhus eraling SN A a sviteblef toolsfor 0% if Kefméthgbef the present
and t he ﬁ-vgrﬁ%&nus at the right. Besides the obvious structural

di f f erence, A is set apart fromDNA or RNA in that the backbone of
PNA i s apéd4] c, Apeptideatuckinchcid(PiN¥s)eused irt the ppesers dmtention e inokecule which is

subst anti.al,l neut r al hind to conpl ement ar cleic.acids
o bor - SRl Erdute 1o DN G Ath B it ofbes e Bhoks Hepieger instend of a
gnt : par ﬂilég@iévd]}y b]ﬁﬂgaﬁtﬂhﬁsphﬁﬂieaéﬂmgl?qfhem ehrh rtleachutcasaslasta?&e maﬁxgdoﬂt 8bmprises
up as en sho o] ve a different. structure. In an 30, _
enb rre?mPseB%'?FPélJ}ﬁﬁg‘ééﬂ?e-&%wm b W#ﬁb‘ﬁ‘%?ﬂ“‘a“c@d Gape exewiding & T,
to the apj bprs ald Atackpl B badkbend \Gir&Ph rﬁ%thﬁ%n@@a?ﬁor@@'hhk%sryﬁlﬁé BN&,
S.

strictly observed in hybrids of PNA and nucleic aci o
2010/ 0938 40BN Sepdagy GGIHA 2nglosy, GDUe] dorael sontaiganydperipeeh segap toieties or

hybri di slg,l{bg%}gﬁe %rg%%t conpl ementary and substantially conpl enentary
nucl ei ¢ ‘acid strands, just as e.g. DNA or RNA, to which PNA is

consi der®843 stBycenyentionyiPMAs. arSidepicted liRbpeptisles, cwitle theal¥-ternrimst at dhe first
bac ne ri.dji zatj ith target. nugleic . aci.ds is fuyrthernoore
orT oy oosPrBith 20 bR Wbl B2 eht ReShet B Tods Sructiral etRnEe, B

is set apart from DNA or RNA in that the backbone of PNA is acyclic, achiral and in case of

the present invention substantially neutral. PNAs can bind to complementary nucleic acids in
both antiparallel and parallel orientation. However, the antiparallel orientation is strongly
preferred, and the parallel duplex has been shown to have a different structure. In an
30 embodiment of the present invention PNA/nucleic acid duplexes refer to the antiparallel
complex. The Watson Crick base pairing rules are strictly observed in hybrids of PNA and

nucleic acids.



5 repul sions. The binding of PNA to DNA and RNA targets is
accordingly stronger than the binding of DNA to DNA or RNA to RNA.
PNA/ DNA or_ PNA/ RNA hybrids thus show a very stabl e duplex formation
even at a YOXU¥YEY high tenperature, and a very hi gh BGTRGE2ZHE§/000047
affinity. Additionally, the absence of a repetitively charged
backbone al so prevents a PNA nol ecul e ¥rom bi nding to proteins that
normal |y have an affinity to pol yanions. Hence, the use 10 of PNA
avoi ds a[0aedr FThus; ENfis rcapabkzpefchﬁhrﬂlsmgt etraaaitl cnmple:{lﬁﬂzﬂ-?]anASsubstanhally

menti oned rml ecul e nt het i aC| ue WI t h a
pseudopeﬁ?’?@gmﬁ%ﬂ’l}m “T"??l g%ﬁ‘g g‘t”%t?

in e g. BiNveaal el Sincepl macinaycul@pata heutel %ﬂél@b%n@fhyﬁﬁ@i&imﬂ' wmh%g&
noi eties wiith an am no end and a_carboxylic end, form ng an am de

bond i n PREEiS| acKsHsfugherpere, Aot affepadtmﬂ%mrstaqnﬁpmmﬁv@ phsrga elestrastatic
the 15 backhone. Tﬁwahaag%%@m HSHRIA ﬁd%Anﬁregt%%qls R¥&dr gl gﬁpkgeg%%an the

are attached via a side chain, gener car
a PNA mbé@mg@fMAde@NéwIM@Ba@e PNWPLMDn@N[NrRNm hazhdds thus show a

pyrim di e o i tabl e
e i A AR EL s Bt then R Mo g b Pacicl B89 Bigh bincing
5- met hy| effinitgi Aédltlgmﬂm tie, abardrea ofia reliehﬁmlﬁ%hargédibadkbone also prevents a PNA

5, 6-di hydr our aci oxant xant ot h
2" et hy| R o5t bRYRE R i ATl BV AR ATBRtOP Pebebian Hears Msuse

i |1 up® r abf MeARUSIHEPRARE Soirbedf ndR¥peti fidinfeuctigismed " modi fi ed”
nucl eobases have recent‘lcqy been revi ewed by Wj ci echowski & Hudson

(Current Gp&ﬁ] csAF MEgned; fa P Neén arplesuley is( QGUWWWC ngelvicegad anglpguge with a
include %h@éijld@o&kﬁcﬁ%% mﬁéﬁxﬂ@ ﬂﬁ)splﬁ)d?ésiﬁy BXA&B@&%&SCH?IHI OHBNRGE Rva

t hi our aci | propar gyl al cohol )uracil, 1socytosi
pseudoi sisagrlaced by fel!’ﬁiﬁlﬁéﬂm&fé‘ﬁiwrp eliphatig gloictieh Bathrande)ing ersd dnd a carboxylic

N6- al kyI ﬂingﬁ-%neglsdnll\i]&e K@rﬁtlﬁ lttﬂeeohégmgf éxf rﬁ%%éroi’(? the Q)["u%]g %@%ﬁ%ﬁrgmeﬁes of the

phenoxazi né, nopurine or 2 urine.
cl aski cabackbeheppadleabsssd, BMAlly pmmesamsl p);fnnmdqnea‘iasesgare attached via a side chain,

TR R B T MRS e T
For exanjirine ahll @yijdiieigises, iy ibs ukdde ERriR et snaﬁmblbhﬂnegdxmcyyﬂﬁname basd®

can be easjl.y,substituted, either, rtly or conpletely by a
nat ur al | vcfe}é%m Ffﬁdlohﬁi“ﬁsd i6, PHsing, 3 Be{RYIEYBTR ARG st Hn@agmuracﬂ

i nvent i of)6idihydfoupdctll €r hfsbxhhdine! hexaﬁlmlﬁ@ aGifdthyih&h A BetSRadife  or
repl ace _?Iym ne also have a neutral net char ge, such as al ani ne,

val i%fe, T-égbptilguaning) & umper of mhzoi@t@%@gﬂp@#g@g@g@ﬁ%@@ﬂma@lso be
prol i ne, (cRh&N¥h&di AL RucldFBAded Hﬂe%cenh&%[:ﬁ W&&ho%ﬂe& Hudson

nodi fi cations of the backbone of PNAs“which are k own~in
al so be G3ecknhEapsisrin Megodgy Chemisire (Wbﬂl&ﬁéw‘ﬁﬂ?) fTheserinadiids iotenaliaid- [)Irzme

used in f: e pt en et ween
about 8 ‘%@Ecggﬁﬁg@ﬁlebsﬁg% 1@%:1% ?\S/\(/)edé)ﬁ%g ﬁ’? a(gﬁp g%ﬁﬁﬁlf%guﬁa > 1507
anot her etz nesetddisveytosiot, elsqunehwprobmgﬁaarbacahﬂmm’acmf Nﬁeeﬂkgﬂ@dbmne
abo ]&? 25 nucl 05| des %r Rseﬁlvveen.aboitjil_1 10 to 25 _nucl eosides. In
exag{ﬁ d“tﬁ??ryérlo LIRS RO SGe ﬁégl"aoﬂué‘ﬁﬁt IPTof2,6-
10, 13, Mmﬁﬂp&&d\ucl eosi des. [0050] The target nucl eic acid can be
any nucl eic_acid which can be conprised in a_sanple to be tested.

Thi s nucdiV8fY) achhy daspicyeang mest uﬁﬁ'éil YNA sonsivts PR EDREINEN 2-aminpethy])glycine
modi fiedytQ 1Hked Bl CanRal @oﬁmduﬁ:'v&g tl*?cnyacﬂ%%ﬁeh@f @ﬁ'&ci’ﬁAhleﬂﬁé gself to further

nodi fications reférred to above. I h one enbodi ment
nucl ei c chemdcal mopifisatdons FRex, exgmple, the glucumrﬁmm ﬂdekaanﬂtybglyninesmmh

nucl i a,si.ngle stranded o
double s%?’ bggasdfpr%ﬁ?:ﬁtgg%g{é gﬁ&ﬁ%er ar geetfB ﬁl’%ﬂ' Eﬁ?l aléurgg}p YEIREST YRS
not needoﬂe&ntbedixm&nebﬁﬁe presdne inveiittaitiog peefurddthithie aRinbacidoivhichare used to

replace glycine also have a neutral net charge, such as alanine, valine, leucine, isoleucine,



15 sensed. Such | abels can be, without limtation, fluorophores
(e.g., fluorescein (FITC), phycoerythrin, rhodam ne), chem cal dyes,
or conpou re radi oactive, chenol um nescent, '

par amgne?ﬂ?,ztogb?&gﬁgénetic, guantum dots or enzymnes thquﬁmé{mo”
product that may be col ored upon reaction with a specific substrate,
chenol um nescent, or magnetic. The siglal generated by a label is
general ly detectable by 20 any suitable nmeans, including

spect r os pojhine, phemiaehinei omthiore) cligptopiah, dysmineodther e@difications of the
electrical ,,opti or, chem.cal neans. [0051] The. nethod of the

pr esent i%ﬂ%ﬂ% hhie WIW"B’BW@@&W‘%”E{I@? %Pseﬁﬁﬁmb‘}'esence or
absence ¢fosbhe IRbALEmBoieL tRC habldbtacill $robé Qs 8 el MethB® AR Rleséit
target nuclelc acid_ present. Depending on the anmount of target

nucl ei ¢ HEFRIQH Basehicngh of Qfﬁﬁ‘ﬁ?lga‘&?f‘rﬁaﬁoe%p pucleasiden oF thetwasarppet G to 30
whi chs t hgyhiadsaRs. IH'dﬁétﬁér?enﬁa%ﬂ&én?th%‘i’iﬁBEi'c%%ﬂlﬂlr&eahag b hdRHEO beRIR @%%uéfshs

degree of netallic particle aggregation w vary. ATchange o
degree oR5 muclapsides qyhetwashabagfgiletpad oncledsides.clinagxgmples referradpd bereinethe

absor bangﬁclﬁikféﬁglr@?lhﬁé%Hgtﬂ%fﬁ@ﬁfﬁ&& aztﬁé'@%f)glgt allic particle

aggr egat erence®can be“torre &ifferent anounts of
target n{i56] c dhedangetemeitic acidtdae twaayl suclelo acidt whish rean b ecoapdicdd in a
amount of target nucleic acjid present in 30 the sanple the.results,
bt a1 ned I GiE-d risiftelte B Ned AN AR FER R O S ged
conpid si Agelélc eBiEonaiTRR ardf of BleOficldid!atigi ModifitAliond/REBAES td AbSR! MY one
out such correlations are known in_the art and include for exanple

the genePaPIUMeR) thedrmeghaicletmacid;is [INARs RN Actich ps mjigso RNA, or derivatives of
2010/ 093434 Rixdibre@éiad OrdQH34 hudid c%ﬁ(ﬁéﬁé%l}bg rqé,ﬁ%re%u%ﬁdéd%'du%lg Qnﬁdéd"féwihic

amount of a target nucleicC aci d1 or target nucleic acids.

[ 0052] | ecidnhectatestinualeie acithpan byt does mofaeedniodieclabeled tajbe detectaide withabie
in one s Ldi: t jhpl ucl ej b diRLe ' _
poci 11 c P aPe SPE PRt kol APl Rofechfle B0 0D MRIGH 0 B e
or thy eesedpddf hushtlabels gat beyclidiopt dimitkSomr Buoreplsreede.gn fheratdiel (FITC),

one sanpl.e, The .resylt.in ptical property of the tallic particle
aggr egat %hsycg?lr;ﬁm&g,s ﬁlr?d%lgglgfnoc gmfcﬁlgngger‘cie grar GETPIES ei ta(?feg fadioactive,
present ehecholumisesabitp wiagaeice haiaiaggetioh ptddeignedd, yquanam! astgelr dghed that
acid is j;'gir@sent Oé_] nor, e thanvﬁne. I n.one enbodi ment,,. differgnt

met al | i o/ 3 Jireduck - that, Ay WA cFPIPred o URPY £ EREHD Oth cal S 'g.‘gersfﬂi’sgéte’
and t huscieaiolnsiescent] 6 afrdcHE e $ibhakleRirRad 6§ aSab1as FeNUMIG dtfibREby
easily differentiated_ by spectroscopic _nethods known I'n the art.

[005%4] THY Yeghledans: pidingmineaossepie.rbotachanicale bioshengigaly immapnoghemical,
ref er r ede|tQri BT dphiBal OF 8RFESal means.

[0051] The method of the present invention cannot only be used to detect the presence or
absence of the target nucleic acid but also to quantify the amount of target nucleic acid

~ present. Depending on the amount of target nucleic acid present in a sample compared to
25  another sample in which the target nucleic acid is comprised in a different amount, the degree
of metallic particle aggregation will vary. A change of the dégree of metallic particle
aggregation will change for example the absorbance of the solution or the size of the metallic
particle aggregate. This difference can be correlated to different amounts of target nucleic

acid present in the sample. To determine the exact amount of target nucleic acid present in

30  the sample the results obtained from a sample can be compared with the results of a sample
comprising a known amount of target nucleic acid. Methods to carry out such correlations are

known in the art and include for example the generation of calibration curves obtained by



upon binding of a nucleic acid. The degree of aggregation depends on

the kind of nucleic acid that binds. Aggregation changes for exanple

t he absorbance or the size caused by 15 aggregation of multiple

singl e nanBP1YR#8S. These changes can be measured usﬂﬁ§“§P§W@@?ﬁ7

m croscopi ¢ or spectroscopi c nethods. [0054] In one enbodinent, to

enhance the measurability of these chaliges the netallic nanoparticles

are plasnoni c nanoparticles. Plasnonic nanoparticles refer to

met al | i ¢ measwwipgrdainplee dnclidisg askiiohacanding sfanarses a0AEE Gcfd SOTEREN tarpet

depends on .the nanoparticle size, 20 shape and conposition. Light

i nci dent ™ ﬂmﬁPﬁgﬁDnic nanoparticl es i nduces the conduction el ectrons

i n them {E0525Ci il edeCer@VduR&it] Miltipletatdlt AuckiE aau@ﬁegﬁ%@@a ih bRE Hﬁ}ﬁ& by
cles

This resonant freguency changes in case the metallic nanoparticle
aggr egat Broxifing mukiplegniclsic @pesgvhieh gye spgciffe fopdiffezant tasget oeleic acids. In
[ 00554 Fop,e i [ j -.nm
bi'ue 11 ghe oy PRien e Fbite TR RS By Tyl B Bl 1 Bne
shape of sanhpde.nBheorsauiting bptiek propetty @ thnthematlat paticlagggreeates ahangadin case
particul ar _t e velengt h. 2, depends. on .nanoparticle

CoNpOoSi ti%c?ﬁe, ﬁ!lg? g 3?1&5%%613?1&8%%%{5&1’5?88 F Ay wsa‘?%wg @hether only one

envi r onmewrdet udlREGcid/bn praeituoe mote thaahorel a6 ropei EnbANAERS Hiffd@$ héallic
et al., 1995,

known in t art (see .e. G r, KC, Freeman, R G, L
Anal . ChB e afe 150 et baye %%La‘i@ﬁt ABHGh araprrice and dhuspeanstssuh i Aitfeeent
in any Kasssasiaigalsholicleda gy dsily fifferaifPRHiEeRdschbie nlaRRP Bhi £ ntfe
have a shape which is selected fromthe group consisting of a
nanosphef®, a nanocube, a nanorod, a nanotube, a nanostar, a

nanocr esgegiy rg Hh I ' ] ;

W0 2010/ 593354P0N S8 10/ BoOCHT B Wit e a%sq?%é‘?\?%\%%%‘%’{&ﬁéﬂigés
used canupandiindies efaniskeia 4cid. dbe degrenof aggtegatiimdegends oultize kisth apmudnid acid
al so na Lt Gl Jo te | hape., | n..one enpodi.ment

G 11 er onfEO B, TR0 Aufbe! By kot S osbhaRllS RS HEE Faised by
mor el % haaggoepetitrao Getltiplecligdle naopettickes. t Thelrechdagacan e nfeahi@0Sdding standard
Al t hough_si | ver. and 1gtgl d are é{f})(ﬁ%rmst comonly used materials for

pl asmoni TRETOPEPL PEFEECIRIE ally any metal, alloy or

senm cond@os4)r Vihtdhe @nbadBeent egadnh¥fer @ medéueAteitr dfCtheR 188 Ghetallic

smal | i nagi nar,%/ di el eﬁtri c.constant ~can_be used. |In one enbodi mnent

t he nano‘ﬂf‘gPParrE les g P AMBYS BroRiEiles ndasmoniy anepasdcley rrfert igr anstaliic

mat er i al ganbpdreéleLahdse LR Flasngmgonﬁﬁée%éqﬁ&%ecﬁﬂgﬂgis %zlntﬁé Fmo?hﬂﬁme size,
X sensitiv

potential |y offer advantages in refractive i | . ty,

di f 12 enthape A eempastiens Ligh dncidentl on plasmanicamnpparticlesindutesrthe icondartion
wher e MBgYetRh e I J tght D, fﬂ :

possi bl e rrcet a?ﬁ?or mi e&engta%f?@%&%ﬁoghg:}t 7T es&g{n@g@ﬁ eﬁg%ﬁ@uy?eggna%
enbodi nefiequendyechamges irl ¢age thgmentallit haloparticlac iggnegate mdsisean be ateatueaist.g.
one di nepsi on. or at Jeast 10 rimor 20 rimor in a range of between
about 10"NMY{ 0 about 900 nm 15 or in a range of between about 10 to
50 nm_ I[0055]0t hBer exemplel e single 80-me siiertiagosphere godtickC4455nrh Hhidlight MG a
of bz%t ween apbout 10 to 30 rsgx%_zohmg.o,[%g Sio rim

scattering cross-section of ape of the nanoparticle extinction and

scattering spectra, and in particular the peak wavelength Anay, "depends on nanoparticle

composition, size, shape, orientation and local dielectric environment.

[0056] Manufacture of such plasmonic nanoparticles is known in the art (see e.g. Grabar,

K.C., Freeman, R.G,, et al., 1995, Anal. Chem., vol.67, pp.735). Such nanoparticles can be
30 obtained in any known shape. For example, in one embodiment the nanoparticles have a

shape which is selected from the group consisting of a nanosphere, a nanocube, a nanorod, a

nanotube, a nanostar, a nanocrescent, a nanoplate and mixtures thereof, With mixtures thereof



[0059] To avoid that the netallic nanoparticles aggregate even

wi t hout that any nucleic acid is present negatively charged netallic
hanopar ti c{@Sffi@;dsed. | n one ermbodi nent the negati Velﬁé”{%ﬁﬁ%ﬁt{ﬁﬂ
nmetal lic nanoparticles are netallic nanopartides carrying a negative
20 charge at nanoparticle surface. Binding of a nucleic acid changes
the repul sion of the.netallic nanopartldcles and thus | eads to an
aggregation. As nore of the negative charges of the netallic

nanopar t itdb eneaniethshihe lrdacpaicles used eai mchde dlaﬁq:ahicgd‘l:dfavﬁigalcﬁ @gryes umfular

aggr egat i,on of t e netal |] anoparti.cles. For exa bi ndi ng

t he nucl gf«?eqbd‘\t 1§ SRPRIC Sﬁf’@"’%u sﬁlgﬁtelllslﬁﬂ F@F‘Pﬁei‘f F ‘?ﬁ’é‘% dHH%‘:gglffefent
al one (i nmopmagemmwcﬂfam sﬂ?ed cdiBe RECHERAED mbRAESN b targhi HRISIECIER to
of 25 aggre atlon (see also Figure 1). It was found that binding of a

hybrid o & c acids formed by conpl enentary bi nding of the
nucl g c erRﬁ) ‘gétslilvélI and! 8018 Gte ﬂfé%@t%ﬁﬁﬁ%&?ﬂﬁg‘a% ) 1{1%9%19 onic

the neta |c particles to the same extent as ing o e nutlerc
aci d pr otrnopgrfiples [teeosafisallnnny atdtal, akept palsemisbndivtor geith dulargeonegaave real

I nt roduc f A hos

the. DA e gy ahd el MR Rhary By AR OESr b e O RR G BBt
aggr egat ﬂmemauapnrﬂnéemsaﬂogd of Iﬁublb hﬂetmnpa&nclbh er dﬁgﬂhﬁe@ dﬁm@t@ﬁﬂegafetraﬂ to
is al so dlffe le co ti es a nucleic acid wich
5 not Htipc PR malhefiB Suclits ARGy SORHIDGH RS e e e
probi assensitivisy, rdifferdnt sorfac® hé@nidtries, |zﬂlﬂtrc§tﬂkﬁk\!@)intop&e IulltkA4$d1 62 wBErel Many
Figure 16 and 2010/ 093334PCT/ SG2010/ 000047 15 t he correspondl n

exanpl esCTEEHE MoLeFutes ahgari ight: Goppsrean also Jr ysRd appessitie metal &t the metallic
sensiti v&ng?gﬂggs to differentiate between single base m smatches.

That neans that the neasurabl e degree of aggregation of the netallic
nanopar ti08F8s dnmgesntiodimend the mepsallin nanapariclesi adch aveos sizlihyat least one

conpl em’tﬂﬁﬁ%ﬁéfoﬁ & %h&spf@ﬁ]ﬁ lof 26 ?orrqﬁ 9? e%[fggt%(&n tu?llb hif to abmft 980 nm

nanopartlc es wt a negative su ace C arge can € nanop artirc
wherldi n or in a range of between about 10 to 50 nm. In another example the size of the nanoparticles

is in range of between about 10 to 30 nm, or 20 to 30 nm.
[0059] To avoid that the metallic nanoparticles aggregate even without that any nucleic
acid is present negatively charged metallic hanoparticles are used. In one embodiment the
negatively charged metallic nanoparticles are metallic nanoparticles carrying a negative
20  charge at nanoparticle surface. Binding of a nucleic acid changes the repulsion of the metallic
nanoparticles and thus leads to an aggregation. As more of the negative charges of the
metallic nanoparticle are shielded by a nucleic acid as higher the degree of aggregation of the
metallic nanoparticles. For example, binding of the nucleic acid probe with the substantially
~ neutral net charge alone (i.e. target nucleic acid not present) leads to a high degree of
25  aggregation (see also Figure 1). It was found that binding of a hybrid of nucleic acids formed
by complementary binding of the nucleic acid probe with its ta.r“get nucleic acid does not
aggregate the metallic particles to the same extent as binding of the nucleic acid probe with
the substantially neutral net charge, due to the introduction of additional negative charges (the
phosphate groups of the DNA or RNA backbone) to the particles. The different degree of
30  aggregation can be measured. Furthermore, the degree of aggregation is also different in case
the sample comprises a nucleic acid which is not the target nucleic and thus does not bind to

the nucleic acid probe as illustrated in Figure 1, right pathway. As illustrated in Figure 16 and



t he negative charge of the netallic nanoparticles is conferred by a
carboxylic acid or sulfonic acid or carbolic acid or a m xture of the
af orenent i 1 which is immbilized at the surfa

metallic n‘gﬁggg)?,?%%fes. [ 0061] I n one enbodi nent, the c;l%bofffjilagm%)g d
can be, but is not limted to citric acid, 10 lactic acid, acetic
acid, formc acid, oxalic acid, uric aA&d, pyrenedodecanoic acid,

nmer capt osucci nic acid, aspartic acid, to nanme only a few Methods to
i mrobi | i e seredsp@dinds eedmplée réfettddaee hexeinyRhé lnhdtliod) a0 ARA pkdseAteRmvatidn is
known in the art. For ex l e itrate-stabilized AuNPs_were prepared
by t her mafASIHE REPYE i "?f@fiﬁ ﬁﬁ%ﬂ%éﬂlm@ﬁm&p@t@@-ﬁw,mmﬂe hat the
Fr eeman, 1530 i ; :
was br oug{k??% %li&e&é E>r ch Il néga%%ﬁﬂ\)/l\ng %ﬂ heih\}lih)d’ gﬁlfgaasr‘égltg? rl:'Iﬂrl“all-%lcg:'JS &W eaFé%F ﬁ%ﬁew
50 nml of ag@isnot fully compilamentary fosthenygleic ﬁdg'pdllby- added, resulting in

bur guad r. il i . 1.0 the h i mant |
ons 1 hen SUBOE!  eRlc iloulite SA0 SHERGH O furtelle Plalec ithe MRl PGLT ek
Maya, L. theetegative ch@@eaf the angailic nanopaticléSis cppfe3®RY a dnbok@ireridorsalftid

for imobi.lizing mercaptosuccinigc aci.d at the surface of .netalli
nanopar t Faf & ."“g%]hc, a“ﬁ%f 2 IyxXtuLg pfﬂ?%gpelg{on%%@s I 1s C‘f,““\‘/’gllh.z di%t, the
no. 14, 2urfige b3 nethlischmepaticlesTet hod for inmobilizing aspartic acid
at the sg)rf ce of netalljc nanoparticles, It was also found that the
| ower t h&'08Lk f dRenerrapRpdimarnhsthe arbpiylici a5t pant b, bk impatdinited tongatrigracid,
RNA get egbii® Mol ektié Vdctdy - fobBRE 3kid Thgalld Gl Curfic Iagidprlﬁk&eﬁé&c%ié Wkday
conpl ementary to the target nucleic acid or only partly conplenmentary
to the tEeaplofgents asidy 8sRAItiq 3¢idh it pameworly s fewhdethods ¢ tnmobilizepsushacids
can have | S . r - I ar. .
ucl oot | Sans SHRRRSE pRATRC AEloREPRE akelRhdn AT a® IR L RERk Lty gbilized
t ar get nAuNEBs eemcprepaedpy ithirmgl mdection of i su@lytwith suum riitrdtes (Gabare KOE,

conpar ednto th equenc f the, nucl.ej Ci r.ob enonstr at ed
her ei n aﬁﬁ%ﬂ’ﬁ%fg’f’}#gg’ ?gnd%Fl‘“éDJF)e‘ng’,mt%garfgg ﬁ’gc} ’5& Fﬁé‘“’gf 8’?‘@??{0“3%“ to a
i nvent i orollimgrboiewitds eigotons diifringr Afiéd thhteSORLWESS. & @AM eddilivd GitRitE waciagRlly
which are, fully.co enent ar d.whi ch conprjse, far 30 exanple, one
or nore ?ﬂgﬁgéﬁ%ﬁf”@gg hl*‘&}lg&‘sﬁh ?rgﬁf”ihﬂ%(’"ﬁ C?WVI‘I‘BFFLTSW 10 aypidtie Beatigggplievas
t he SeqUﬁ@&@eﬁveﬂ,h%mﬁﬁﬁﬁ%%@cédﬂtiﬁﬁ@bﬂyr ad¥¥onal 15 min. Maya, L., et al. (2002,
2010/ 093334PCT/ SG2010/ 000047 16 [0063] To increase the sensitivity for
t he net hbdPeBwirn 1l 18, BsEifR) disclases 2avethaddfer immehilizing mercaptopugcinig 3oi & the
bet veen {i2Heebf MGHR andakfltesVithE i AT, & ! B! r

sequence of t he nucl ei cﬁfaéi(;ti d ?@%2{ gn%t ’i(ggosgg%){éggﬂ%ﬁed’o‘w'rlrgf]gm'm’
nmut &40 onep-$493) desciosese gumetbed for immopibigingbispartio znidi ah thespdagedef metallic
conpri si - e e di t{o r 5

ik ur o5 AR Tt yBY o 0P B Bn vl i W MicB Tnai degty file migher for
t he sur faeeplftht DY AatRINAdeten@orogeasitivigh. es and thus to i nduce nore

intensiv gregation. [0064] Suitable salts that can be used herej
i ncl ude @R@ﬂl no d}]lll‘:@lcsél .probﬁfag iFﬁ&bﬁ?@Fﬂﬁlﬁﬁs@ qlﬁgalg%rﬂuﬁgm acid or
st rengt hordy pir1@ coinplettieBtarys R the Rirgd nubleicGlRA. Ge othePWblsOthe RALIMR LI J26be
particles ahglg bet ween partic¢les and the nucleic acid strand of the

tar X nte have a Sequnce eoTRRrsing eRe orgore RO ompleracatar mupleeties, Thisellowse

-

t 1 mi deegh ind$} '
S 4 e A PR o i

NHANGCS, NSSPRsaE capRcaan:he siqganedtidhe nuslaagid prabg. As femoensTated herein

t i he. i i | Ut j.on. . i h ; Qf
betwoen SRdnioeRed 1A Rl L6 1, hbfSenR hiscaRnbafontah By b 6 3MREg R
0.5 M dietbenwaeget alwoletc Geidd wiidho asebfully Gorfiplésedtbry| 85 Which comprses dor

t he ensitivlt of the nethod.referred to.ﬁpgsrein i.t is also possible
to ifrcr cGEWPIoHE0G N OFs, RO eomRlgPentery AIFlEOtiqels) ip dhei, scauenfe comppatedlity ey
for det egijidnge 6f thehecléiaad probe. ' '




m smat ches. For exanple, it was found that a single base m smatch

| owers the nelting tenperature (the stability) for about 13C It

woul d therefore be possible to set the 20 tenperature in between the
fully matcWOH ﬁatch so as to enhance the sensiti viRGIY§2010/000047
selectivity for sr ngl e base m smatch. [0066] As previously mentioned,
determ ning the presence, the absence & the anount of the target
nucl eic acid can be achieved by measuring the optical properties of

t he met afd068] namne prikdakethe Semsitiviy fm‘amau:lidﬂlitm dffiRe pieddht Avehtiéh, I xbnp to
nanoparticle a,%%eb ates fornmed, 25 [0067] The optical pr opertles such

as the afdGrl n G seldtusien #rids Winieh arepli aemplerrenfaty odhe reaBeReeioh
the art, 4RUaRIeASad phobR HBGFRIEPRHA ﬁéedrﬁror ﬁ&retrﬁﬁaﬁ&ﬁnﬂ%atlsédﬁ@nce it is

optical properties is visible int | ght wave range vi sl

humans i Possiblegtosasidpi senpsiuad comgrising matms,t $veh @5 irfampealeng oor\divatent leations or
nakeds: ey C | f or m.upo

by ndi g S reEURtEE (Hiohlie 1AMIBRlkeie n AV ERLES b el R iR
el ect r onnanopartislenanyd tbﬁ’ﬂlklpmdlmerr&@eintayblts/eag:gegaabn ng techni ques or a
coul ter er fo I art cI e 0068 The conp onent d I n
Che. ot nRBE ©\sviShecgl i B b, PR e Sl oG B B0y St Gpuld
sol ut i onincfedghthRSioalt ﬁﬂ%ﬂn@ﬂﬂ&f #1 wlikiQre, stiRedne tReTRASH:EBBHulsibA Defideh the
the WO 2010/ 09 q?ﬁzéPCT/ SGZO 0/ 000047 17 sol ution jn_which the method
of the pPaEERt apdhpetygepnparic %Saﬁrq &kp Bueleicsacib strang of jthe taraﬁtowclcpw agiyd,
A nety I abxpléss oFimBFhah? sa¥OinBluds Pk dbZRhitgteadiMR YRS Bﬁeupb@érs

f ormed between nucl el c acid probe and targef nucleic aci

t enper at NaRr {¥Bx, als dBr iINANQss KW @S, Mab¥ )i, SWaiNOshhaNap$as, rIélS@ngTaCIO4,
tenper at e f br h | rabe
antrjrpS t he tal?glgt?f“ﬁg%dl g\% Aci d%%cﬁﬂ(gﬁ%ds 6@%e?g%\ 5e yﬁéedﬂ{) Phs

conduct tdneentetibmdf tie dahenspndbe silutionveantbiedn tllehmnge of bgwedn atwund.01 M to

e A A 0B R 50 o

concentriefii on in a range of between about O. 001 niMto about 500 tnM

can be in_the nmethod reterre o herein, 10 [0069]In a second
aspect t ggsd creAsretRe iSERsAR Y sti"? sethogaeicgad &9 hereitett s Algo presiie te

or absengeregk tﬁettaﬁlgaﬁmﬂauwr%xﬁmgw & inthiafe f}ﬁts@ﬁﬂtlﬁa}mﬁl&t’e&m lsxﬂgruttia&@
negatively charged metal |ic nangparticles with a sanp %1

suspect gaispgtchesydior sxample, itaWak found dthelj & singlegbase rm@m&ﬁca 1PWP’§t the meltlﬂg
i Xt UT € temperRE 3! AbiliBT foF TbbuICITE Wi ﬁeerb% Qs%ib(ile R ORE the

with a substantlally neutiral net 15charge to resu secon
m xt2% e;temperp@rain hefwaer: thei ulls ghatclp rah mismateu s aa ta mhahye the sens1t1v1ty or

conpl enesréie?{l,yl t‘BrIng e%&rqu%nﬂféﬁl eic acid; determ ning whether the

target nuc acl I's conprised in the second m Xture or not.
[ 0070] | Moe6q]ur mmprememjamenudm:dpd@anmimg mmésremse thef ahsence @r shekdnhouho6f

(rjrgf’ SCE :a%%? g%g{t]lg ebc aof,é bseg;cg?ﬁémg ! d%}s%er m e 0 %hczﬂ propertlilenstofot{le %ré?all?cr

nanoparticles or by measuring the size of the metallic nanoparticle aggregates formed.

25 [0067] The optical properties such as the absorbance can be determined with methods and
devices known in the art, such as with a spectrophotometer. If the change of the optical
properties is visible in the light wave range visible to humans it is .also possible to determine
the differences with the naked eye. The size of the nanoparticle aggregates which form upon
binding of a nucleic acid can be determined with transmission electron microscopy (TEM), or

30  light scattering techniques or a coulter counter for small particles.

[0068] The components used in the method of the present invention are preferably

comprised in a solution, such as an aqueous solution. In one embodiment, the pH in the



20 kit can conprise at |east one nucleic acid probe with a
substantially neutral net charge described herein and/or at |east one
type of negatively charged netallic nanoparticle described herein.
[0071] | n aWPPI¥P334spect the present invention is di r RATEE201/084047

| east one type of negatively charged netallic nanoparticle which can
be used in a nethod or the kit of the D5 present invention.
Furthernore, the present invention is also directed to at |east one

nucl ei ¢ adlufibridinGRd citemethsdIbEtha Bidsatt lidvenBsl fsadanmit@tout Meﬁiﬁralaﬁ.e. about pH
descri bed herein which can be used in a kit or a nmethod of the

present fhveR$YEhPH]ismved tprayvoid dehibridization|of ghe hybridcemplexes forimisd detween
herein b d: ' i 1 &l

o1 enrent orIAtR{id obedfa Brpd nhAGE oLl TARBERESthe A E PRRG fower
herei n. thanshe theltingsemmetatyre phiz hylgidwnipdoniormed begWeen'theoalelt agid probe and

"cont ai njng" . S I e ansively,.and without Jimztation.
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used as ingemtionof tHesiyi psudhn amd not phosbhdte t abuffered andalideer e(PBS) NO or
I ntention. 2010/ 093334PCJ/ S 000047 18 in the use of such
terms an SQ&%’?{D&&F@H@%@@%@%%%A eéqtﬂir\?‘ﬁﬁ_eéﬁ‘_%a 1kl tlﬁél_l? gaberfiment, a
shown ansuftte $6tideR@Ationrin RQhkdeUT beiwteh 86ut 0t riN1 tb SR 300 HiM 8sh bd@ed in
various nodifications are possible within the scope of the invention

cl ai med. themeghodirefesrpdia hergie under st ood that al t hough the present

I nv i s b L] LS C J:
and ot PRog 5 Foararns cnecciry bl IxRAREh P LF) HAER R Rbonce

enmbodi edonahesnet af htarget nudeic atid<sHds meathodeomprises:t ed to by those skilled

inthe aJt,. . i L ions and vari ations gre considered
to be withi lnn%{?%éé g%b@ag? h%ﬁ?dsﬁl?t%@}gnl}%f%’h. “?ffo"f‘é‘]‘ 4 THEP er’f\'a}’é% PBsHRgEd fo
been desmmprize thertagel nuckivchegbtn dorincafitsy miveriet N. Each of the narrower
speci es and_subgener i raupings, falling within the geperic

d!oscl osur e ‘écf"g“lf%?%ﬁli‘ﬁ ?ﬂff BE?‘@“?O%"‘P t‘i‘em'}clﬁ/‘gﬁ i cPﬁ‘?be'I*ﬁﬁJg'é a?SHg?t%IH’é‘QY fferral net
geners ¢ dhafer ioPkdsal iaf a tsBeonidnin@itiuled Whatdil the RuBIcS Bci®@ proRYIdd isMRitantially
limtation renovi n([:| an¥ subject matter fromthe genus, regardl ess of
whet her SrmpigiRentary 1:he ftarget nheleisaridl s specifical ly recited herein.

[0074] Q hegetalimeli %@ﬁ]erd RE Sar)it h{iélacfaafﬁ if Qe thé ScBRd | %gﬁot.

l'imting exanpl es. 'In addition, where features or aspects o
i nvent i dA0HHe deaciurtbercaspert,tthe peesert iveankions kefers dopkit b deteoting prkidntbedr

in the | o ' ' ' e
doscr ol ot KrRBHRinE hd Ghobifes bR Blabid el Rkt &URBARY sample. Ty
t he 20ar Ildusin geropmse FXJPERI dENTbleicSEGT IpBdbe with a substantially neutral net charge

described herein and/or at least one type of negatively charged metallic nanoparticle

described herein.

[0071] In a further aspect the present invention is directed to at least one type of

negatively charged metallic nanoparticle which can be used in a method or the kit of the
25  present invention. Furthermore, the present invention is also directed to ét least one nucleic

acid probe with a substantially neutral net charge as described herein which can be used in a

_kit or a method of the present invention.

[0072] The inventions illustratively described herein may suitably be practiced in the

absence of any element or elements, limitation or limitations, not specifically disclosed
30  herein. Thus, for example, the terms "comprising”, "including", "containing", etc. shall be

read expansively and without limitation. Additionally, the terms and expressions employed

herein have been used as terms of description and not of limitation, and there is no intention



[0075] Reagents 20 [0076] HAuat 3H20 (99.99% and AgNCG3 (99. 9%
were obtained fromAl fa Aesar (MA). Trisodiumcitrate di hydrate
(99.9%9 was obtained from Al drich and- NaBH4 from Fl ub. Concentrated
HC1 and HNB® X%3Hf| anal ytical grade and used wit houtPGHYG2ARA000047
purification. M xed-base PNA oligoners of 10-, 13-, 20-, and 22-net
(denoted as PNAl o, PNA13, PNA20, and PNA22) with no nodification at
C and N-termnals, were synthesized by 25 the Eurogentec S. A Leige
( Bel gi umjin thEase ef sudhlAerars aho lekyressionslof eReltdiny arflyDhdivalént0f the features shown

nonconpl e tar, and _si n | e- basem smat ch sequence, (DNA", i)
wer e f I oAPBRBET %.Pgﬁw)nef*&rewt (i TeSRALE fhaeEeus Bedifieatinng are possible
Tabl e 1: Rifiramd s (}CietﬁH%%ﬁﬁorﬁglaineéﬂgtI‘Hﬂames‘ﬁ%gld%ﬁierstood that although the
10- mer PNAt oN - ATCTTCTAGT- (SEQ 1

13- mer PNEBreseat 1¢Wms;@c1f(cgmdlsgiop@; by preferred embodiments and optional

B T e

TTGCACT GFACERCRFLCTT GA-tihse(sBHled| iR th® artSand that such modifications and variations are

"5 (.SEQ.ID NO : 6)
22- mrpwﬁ%ﬁﬁ%&éﬁ%%m&w@w SEQ | D NO. 7) DNA ...1p5
- TGAGGT fIBTAGCGTTKsT (alekiioh- Bas' bdehFfRstribellBrodily and genencally herein. Each of the
5DNA. .. 5' - CAAAACAAAGATCT CATGGAT 3" (SEQ | D .NO
DNA. | 5' - FRIRYET ABSEARCERT erﬂﬁouputgsé%?%m@n &G)gepemﬁ]sei@ﬁqre.a&wfom
Pr epgg at pahof 00 Tikentdr rrﬁmnaﬁ@ég ithd gRErHAUNBSpIVRT ST Y BREGRA With 4 PRVIEBor

reduction of HAuCl4 wth
negative limitation removing any subject matter from the genus, regardless of whether or not

l

the excised material is specifically recited herein.

[0074]  Other embodiments are within the following claims and non- limiting examples. In

addition, where features or aspects of the invention are described in terms of Markush groups,
15  those skilled in the art will recognize that the invention is also thereby described in terms of

any individual member or subgroup of members of the Markush group.

EXPERIMENTAL SECTION

[0075] Reagents
20 '[0076] HAuCls - 3H;0 (99.99%) and AgNO; (99.9%) were obtained from Alfa Aesar
(MA). Trisodium citrate dihydrate (99.9%) was obtained from Aldrich and NaBH, from
Fluka. Concentrated HCl and HNO; were all analytical grade and used without further
p{n'iﬁcation. Mixed-base PNA oligomers of 10-, 13-, 20-, and 22-mer (denoted as PNA,j,,
~ PNAj3, PNAy, and PNA;) with no modification at C- and N-terminals, were synthesized by
25  the Eurogentec S.A. Leige (Belgium). Target DNA of fully complementary (DNA omp),
noncomplementary (DNA,c), and single-basemismatch sequence (DNA,;) were from

Proligo-Sigma (for PNA and DNA sequences, see Table 1).

Table 1: PNA and DNA Sequences

30
Length Name Sequences
10-mer PNAg N-ATCTTCTAGT-C' (SEQIDNO: 1)
13-mer PNA;; N-TTCCCCTTCCCAA-C’ (SEQ ID NO: 2)

DNAcmp  5-TTGGGAAGGGGAA-3" (SEQ ID NO : 3)
35 DNAm 5-TTGGGAGGGGGAA-3' (SEQ ID NO : 4)



10 sodiumcitrate (Grabar, K C , Freeman, R G, et al., 1995, Anal.
Chem, vol.67, pp.735). Citrate-stabilized AgNPs were synthesized by
t he reductj] an of silver nitrate using sodi um borohydride. Spheri cal
AuNPs of 1WO2010093334, v and AgNPs of 16.1 0.6 nm were @‘5@8’0919%@
TEM The concentrations of the AuNPs and AgNPs were 7.3 and 0.39 nM
respectively, calculated according to @eer's |law, using the
extinction coefficient of 2.7 x 108 15 M1 cm| for 13 nm AuNPs3 and

9.4 x 1099Me cul Ipigy, 16 ny A%&Ad]@ﬂ&d:ﬁh@&@%@pl éaESEI? o
Ninety-six-wel | mgrapl ates S\A/q{m (ﬂ?GTEéﬁb‘T%‘b I 1(%
absorpti gﬁlg&par act zaf’l on e §‘A G A7 Efé q M;)OO
(Tecan Trading AGp t zer| % fAEﬁﬁr Pé}rb , ﬁ?
absor ption spect r uRirEdSur enept % DNO : 9)
eval uated throu h | e i

solution ali quotg |]§H3‘P’f Pere t” éTR(I; (P46 3 HBante

measurenment at representative wavel engths is about 1% for AuNPs and

Wi t hin ﬁgi)qfor A -{\II? Figures 2 and 3 and Table 2). C-potential

measur entAet &l me&@—"éi'é&@gﬁa% n bare AuNPs and PNA-, PNA-DNA conpl ex-,

SSDNA-, @nds s NafeQidbRtke AUANRSPS G/ei'@bx%g Nih@rral Mﬁ\&%ofugihﬂghavmh
LU r ook

ZETA 25 zeta potential analyzer aven I nstrunents
m xt Ut e sofdiumy QpEaty ([Gabanvi- Gnd?rmr@neFCGa@t @l-s 2985, ¢mal. 1ICHeN)., vél.6750p./ABS).

di | d
R N
pr obes (H@@Mev@en@ﬂmms of 150 -_'-ALI ofn AwdNISNKsoof LGgNPQ)G Iﬁmlwletd d¢b’erved

After n tion at .00m te atu e coI

sol ut i ons@ﬁésﬁﬁgc Ge PRy OB 8g taﬂ‘i %%@g? r}’f‘ir% ngm@de
][ ecor dﬁl gesptcﬁvdm\b&!cﬁlﬁgtﬁhcéc&g@g t@Beéi‘Ean‘%Qﬁ’smg’ﬂhEthxﬂﬂl NR%ogﬁglemDNA BPL 10M
or S ure Abi npl ex _and ds to

pr ot ‘ect WN‘F% %M%énan eﬁ) E’f %&h‘g@ﬁwﬁem fic

hybri di z@bygn, (tmc%t{&r DNA) probe and DNA target of equal anount

(40 AM were annealed in_ 20 nM phosphate buffer (pH 7.2, WD
2010/ 093888HCT/Nretyso-welb onirroplates. Watca Psiings 1ERGtion WA UVayia absarption

EDTA) .  RepafiktetiatRHixtab %rfoﬁnam@m rS'fﬁ@AﬁO%iﬁdzl? lebéf?grncem rauﬁ'%‘lAG

DNA concentration 1 gM". Wen necéssary,
0.1- 0. ZSwuyzevlalyl)a’mawpmﬂuabd@ ef thedVYrarst dbsorption gpesgami oeasurtmentelat robhiA

o R o R R % IR LB S

concent raigianini differentVinieBS) TheAvdratiod @F rtihen absoriabed measurdit (at irépatsentative
concentr aé\}eﬂangt]is Ii\g\gbo\ﬁv??%afgud g(ljJ.NPS and within 2% for Ag-NPs (Figures 2 and 3 and Table
2). C-potential measurements were preformed on bare AuNPs and PNA- PNA-DNA
complex-, sSDNA-, and dsDNA-coated AuNPs in water or in 0.15 M NaCl, using a ZETA

25  PLUS zeta potential analyzer (Brookhaven Instruments). A mixture of AuNPs (7.3 nM) and

nucleic acid samples (1 uM) of 450 nL was diluted into 2 mL for the measurement,

[00811  Assay Procedure ,

[0082] To test the coagulating property of PNA, aliquots of stock PNA. probes (100 uM)
were added to 150 pL of AuNPs (or AgNPs) solution. After 10 min incubation at room

30 temperature, the color of the solutions was recorded using a camera and the absorption
spectra were recorded in a wavelength range of 400-800 nm for AuNPs and 300-800 nm for
AgNPs. To measure the ability of PNA-DNA complex and dsDNA to protect AuNPs (or
AgNPs) and to detect the sequence specific hybridization, the PNA (or DNA) probe and
DNA target of equal amount (40 pM) were annealed in 20 mM phosphate buffer (pH 7.2,



[ 0083] PNA binds nore strongly to AuNPs than its ssDNA counterpart
[0084] Figure 2 shows the stability of AuNPs sol utions exposed to

m Xt ures r PNA20 (1 MV and ssDNA of sane (
hybri di za%gtﬁgg’éoé%?g? at ssDNA/PNA ratio 10 of 0, 5, %?q%%%l%m&%%

PNA- i nduced particle aggregation renains detectable when ssDNA is in
great excess. [0085] Reproducibility &0 UV-vis spectrum neasurenent
for AuNPs and AgNPs [0086] The reproducibility of the UV-vis

spectru rmamaﬁmam HhMONaQie kid 0/TI Ay EINTIA) Phreors6 additioh te n&t‘xﬂ\lﬁﬁlcﬁd)!:dlﬁtidﬂﬁl
(or a AgNP%ﬂS{S g (E)PI;{ aliquot .in eight different wells was

eval uat etf5 1P HNA Foupraration | trhiendiegrisarieNaG! Gaal ‘Foélﬁ?fél@uon 0.1-
extrenel y4veh bval GadHArtS aécdddbte 'fiaﬁi&éaa egaﬁ&? T&ﬂ&@ﬁi@&'}ﬁ%h&&a& on &R Wbﬁﬁg

as relative standard devi ations (RS of the absorb e va ues at

repr esentnaldp\fél%\ﬁ@h@ﬁg,th(E@Oﬁlﬁhmm VEIOANNPS ﬁﬁnaAmP‘s contgatrationdngM,
650 10l la T

Tabl e 2 %Zp\rﬂg%%%féﬁ%gé@%og é@?ggg?gﬁnégsnﬁ? g[?réélﬁ%ln er | éﬂ %P ong?%ran%%
at speci I udwessalldmdgt hs (nm Average SD RSD% AuNPs A520 0. 8391

0. 009665{0?)83]]5 P%\?]Q%in%s %1%?9 S 0(1)1012 a\uNPs%h its sgf)\ﬁi counterpart

[0084]  Figure 2 shows the stability of AuNPs solutions exposed to mixtures of the 20 mer
PNA (1 pM) and ssDNA of same sequence (no hybridization occurs) at ssDNA/PNA. ratio

10 of 0, 5, and 10. PNA-induced particle aggregation remains detectable when ssDNA is in great
€xcess.
[0085] Reproducibility of UV-vis spectrum measurement for AuNPs and AgNPs
[0086]  The reproducibility of the UV-vis spectrum measurement by performing multiple
scans to a AuNPs solution (or a AgNPs solution) aliquot in eight different wells was
15  evaluated. The obtained spectra from the eight wells overlapped extremely well (Figure 2 and
Figure 3). The reproducibility, measured as relative standard deviations (RSD%) of the
absorbance values at representative wavelengths (520 nm and 600 nm for AuNPs, 400 nm
and 650 nm, as well as A650/A400 for AgNPs), is calculation (Table 2).

20 Table2: Reproducibility of absorbance measurement
Material | Absorbance at specific Average = SD RSD%
wavelengths (nm)
AuNPs AS20 0.83910.009665 L13
AG600 0.1970£0.002022 1.03
AgNPs ‘A400 1.3441 £ 0.2450 .82
A650 0.06436 + 0.001014 l..58

A650/A400 0.05020 + 0.0004855 0.97




A400 1.3441 0.2450 1.82 A650 0.06436 0.001014 1.58 A650/ A400

0. 05020 0.0004855 0.97 WD 2010/ 093334PCT/ SG2010/ 000047 21 [0087]
Sur face pl nance (SPR) detection of DNA hybridization w t

i mobi | i ze@ﬁgﬁ& 0I9%§$obe [0088] A biotinylated PNA13 is HGHrsB1° fOQ@d"’ on
SPR gol d di sk using streptavidin-biotin interaction. The

hybri di zati on of fully conplenentary aid si ngl e- base-m smat ched
target 5 DNA (DNAcom and DNAm ) were nonitored in real-time (Figure

Undefodset egudpattf @lasseh Utds&thstce LgprY! BBSctRAd o8- HrIM E@'diﬁ%@ with
targets ybrldlze equal Ty we no m smat C I'SCrimnation was
obilized

obt ai nabl3s RN fopgaretigduced AuNPs aggregatlon [ 0090] A study of

E la\.lﬁ\ -e ! gaxﬁg}él gg #5?051 afi jérlge nt I&‘I@%l n e ng ﬁ?{f%‘ﬂ fdls?égsfl@%%{etﬁagﬁdgﬁ—bl%gn

22-er) #mdadmse The rtp'bsuhzatm vﬁﬁﬂbrmvdlpdermdttwianﬂr@glabmetm‘ﬁmhtched target

SP 2@;%?2’51@%38 @%éﬂ‘“ é@‘ﬁ“’éé‘%@%%@hﬂ ] Tea ftlmceo S r"r?t (Pe’r tested buffer

solutions, 1 mM PBS and 0.1 mM PBS, both targets hybridize equally well and no mismatch

discrimination was obtainable.

[0089] PNA-induced AuNPs aggregation _

[0090] A study of PNA-induced AuNPs aggregation with the involvement of four mixed-
10 base PNA oligomers of different chain length (10-, 13-, 20-, and 22-mer) and base

composition was conducted, aiming to extract PNA-AuNPs binding characteristics in terms
of concentration, sequence, and chain length dependence.
[0091] Parts A and B of Figure 5 are representative UV-vis adsorption spectra of AuNPs
mixed with the 13-mer and 22-mer PNA (PNA;; and PNA,;,) at different concentrations. The
15  shift of surface plasmon peak from 520 nm to longer wavelengths evidences the particle
aggregation. The degree of aggregation is found to be determined by PNA concentration. The
plots of aggregation degree (measured as ratio of absorbance at 600 and 520 nm, A600/A520)
versus PNA concentration for all four PNAs (Figure 5C) show that the shorter PNAy and
PNA,; aggregate the particles more effectively than the longer ones (PNAz and PNAj,) at
20 any given concenfration. This implies that the shorter PNAs cover the AuNPs more
effectively than the longer ones. This characteristic resembles what is known for ssDNA,
which has been rationalized as the shorter ones having a less coiled structure that ensures the
nucleobases to be exposed more easily. As for the sequence effect, the similar aggregation
~ efficiency of PNA of similar length but different base composition (10- and 13-mer; 20- and
25  22-mer) shows that the multivalent interaction between mixed-base PNA and AuNPs is not
sensitive to the base sequence. )
[0092] To better understand the mechanism of PNA induced AuNPs aggregation, the
surface charge of AuNPs before and after PNA coating (PNA;; was used as an t:xample) was
measured. It was found that PNA,s-coated AuNPs has a similar charge density {{-potential
30 -20.11 * 3.6 mV) as compared to the uncoated AuNPs ({-potential -21.04 + 2.6 mV). This
suggests that the PNA coating only shields the citrate ions (no displacement occurs). This

concurs with previous Raman spectroscopy result for single-stranded oligonucleotides



[0091] Parts A and B of Figure 5 are representative UV-vis adsorption
spectra of AuNPs m xed with the 13-nmer and 22-nmer PNA (PNAn and

PNA22) at different concentrations. The 15 shift of surface plasnon
peak from ¥OF'HP#B*| onger wavel engt hs evi dences the pdIGT/2810/000047

aggregation. The degree of aggregation is found to be determ ned by
PNA concentration. The plots of aggre@aion degree (nmeasured as ratio
of absorbance at 600 and 520 nm A600/ A520) versus PNA concentration
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[0096] Stabilization effect of PNA-DNA conplex [0097] Apart fromthe
fact that non-conplenentary DNA (denoted as DNAnt) has little 30

i nterference to PNA-induced AuNPs aggregation, further ex erinments

wi th conpl ¥ bNacom  show that the presence of a BrIG2ORMBMNT
of DNAconp can disrupt the particle aggregation significantly. Figure
7 shows the discrimnative stability d&3 AuNPs solutions WO

2010/ 093334PCT/ SG2010/ 000047 23 m xed with PNA22 (200 ri M and PNA22
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Slight peak wavel ength and peak_intensity difference are a prinmar
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P colloidal solutions before and after addition of salt was recorded (Figure 8). Before addition

of NaCl (G M), the solutions with ss-DNA, dsDNA, and PNA-DNA complex are all stable as
20  indicated by their red color and sharp SP peaks around 520 nm. Slight peak wavelength and

(D

peak intensity difference are a primary indication of the adsorption of different nucleic acid
samples to gold that leads to the local change of the dielectric permittivity (spectra before
adding salt not shown). After NaCl is added, the dsDNA containing solutions gradually

~ aggregated as expected. With the increase of NaCl concentration, the color changes from red

25  to purple and blue. However, the other solutions containing elther PNA-DNA complex or
ssDNA remain in red color, even at the highest NaCl concentratlon tested. From the similar

color code of these two types of solutions, one can not deduct a stability difference; whereas

their UV-vis adsorption spectra (at 0.15 M NaCl) reveal a noticeable differencé in particles’
stability, For both the 13- and 20-mer samples, the ssDNA-containing solutions are less

30 stable than the PNA-DNA containing solutions, showing a noticeable red-shift of the
spectrum. It is well-known that duplex DNA (dsDNA) has little affinity to negatively charged
AuNPs due to its stable DNA-DNA double-helix geometry that always isolates the
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25 er stability of PNA-DNA complex-protected AuNPs than ssDNA protected ones has been

further supported by C-potential measurement (using the 13-mer sample as example). In 0.15

M NaCl, the {-potentials of AuNPs coated with PNA—DNA, ssDNA, and dsDNA are -31.2 +

8.2, -30.7 £ 6.7, and -10.4 + 7.3 mV, respectively. The charge density of the PNA-DNA

complex- and ssDNA protected AuNPs are similar, meaning that electrostatic repulsion is
30  similar. Thus, the observed differential stability should be a result of differential steric effect.
For the dsDNA-protected particles, the high {-potential value, indicating of reduced surface

charge and reduced electrostatic repulsion, explains why aggregation occurs easily.
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spectrum shift, whereas with AuNPs, only a slight spectrum shift is accountable for this
characteristic (Figure 8).
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[00109] Detection of PNA hybridization with DNA in pre-incubated DNA/AuNPs mixtures

[00110] According to the characteristic that PNA has a stronger affinity to AuNPs than

~ ssDNA, an alternative approach was developed to detect a specific DNA through PNA-DNA

25  hybridization in a DNA/AuNPs mixture but not through post addition of pre-annealed PNA-
DNA complex. This approach is designed on the basis of the indiéatiqn that PNA is able to

strip DNA from thé AuNPs surface and further hybridize to the DNA if the sequences are
complementary. Figure 11A shows the results with the 13-mer samples. Prior to PNA
addition, AuNPs solutions mixed with different target DNA (DNAcomp, DNAm), and DNA,;)

30  are all in red, showing a good dispersion state. When PNA,; is added, gradual color changes

EXO

are developed in the single-base-mismatch (DNAp,) and non-complementary (DNA,,) wells,
but not in the complementary DNAon, well. This confirms the assumption that PNA can
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20 conpl ex due to non-match in sequence), certain extent of
aggregation in the solution takes place, and col or changes to purple
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from520 nmfor the well dispersed-solution A and Cto a 25 |onger

wavel engfgo105] 68Ranplk floheB@INESHhE BrdfetB G r spIEiﬁcfrmRth&génhms ';ﬁ_&}%&c

to an increase of absorbance at 600 hm and a decrease a
A600/ A528t3kilior bance rati o val ue can be used as a guantitative

DA hyor [t 505 B8 UeREBEN 8o ol R ENAORAnBARLAY el

sol ut i onPBARDNA hyhmia)spvm gifferepNaffedthron Aﬁﬂ‘@sAE%ﬂltﬁtand) aggreQatibﬁ behavmr

He f / A520 0. bet
(21 By AR A S BT AA F is

current mﬁﬂefmt nwdlédtide 3RplYs. mbfcf@temo@rmuta&e@hul\m g@ﬁrel%pé:@ec? QRowil}
was added .to probe 200 n/s.4) solution

2010/ 093‘E§’§4FPB?T heddeien £7 aﬂ%tﬂe}lﬂﬂz"é‘% @FPbeAZQi aieak:toi tha AulRstsolytion
<10 nM aP&imkMRdoh oF PNRASis 13,05 'E:adgwan ThBedl S8 QAR R ag?ﬁ%ﬁh&ﬂ Hﬁsre%@ac 3

conparable with results fromother |abel free assays

Pl asron Wé%foﬁ&ﬁg@ fodpry (B). It i belieye] thexBNAI probe imernets tsironglyfwitthéhe gold
pr esgncenff, a@@c'ﬂgﬂoa . olﬂtﬁ]hg’:g)rf‘uéﬂpﬁnsn?t %’hlr chY n?tr Qg% Sal'onta;mng

[ 00120] As di scuss ectrostati repu Si on ani ons,
such as m.lctaoatﬂa and godd, |@auasgerbsclaitytuf theotigatt mmpmetabgl mmoﬁ;emrasharge

aggr egatl hj | ect.rostat. sion i c eened sal t
(002 aPlio BE ekl et epdia R L PR AR e hbre Bk b ity .
NaCI0 |1 s [@dﬁbic] I When eagml BNlAuﬁybmﬂhsbhmﬁh equil #nont 6fPNA| anﬂQt%Qﬁprls’Mdn&By
is to test s il t he ol uti agai nst salt

obser vi :%Nf\h‘@ 881“6‘?"’ ﬁ‘ﬁ@y@g’&df Hb?%WMPﬁwh“lﬁlg %’Pgh? e 0G4 mMy Uﬁ@y and
14) .15 004.2 HMFEDTJQW;@S AURS 1 AGRPS sadelbd teaminl Jabid %@n@%?&%ge(ﬁ%h 'took
0.1 M NaCl caused thwfartlcles to precipitate fromthe solutron and

the sol (RSN Goderphdh lﬁwné@gm(l%re@@/®walsbe¢aﬁ§q eARping|of AUREs yitcRNae
of PNA (I@JA%%}JPM&QN@ stERetnf ﬁeéa@)/e cl?ag&,'s t('fr&ﬁ t0d pmgﬂaft A %ﬁ eltﬁ' q;le DN

further aggregati on shown by the blue Tol'or and th
UV-vi s cirandsy on ghe portiske sum&% lewengthpegh aimate hreiowst dre shadawed i m| the piiveess.

nder 0 19T, AyGthal Bl e b obadFRAE I PR, SN 5hdiot F PRUGE0

Thu20 t esmpidx dueNPsionghattl in tegquage), watais akttmtf ofr dgaepatidii inr the soladon takes
f fict t ' P

o oreet kel B bibeb TRkt ot e B S AR e v

aggr egatdoafinailyanthe ptahieme;a@ﬁﬂmfgaa ag@’egmowaﬁe eodi by 6flthe degfiRt hirpsy. C

(cont ai peci fic DNA h br|d| zed with the PNA) and solution D
(cont ai ﬁpﬁgliﬁ: o s eqryes “SRB&) THBSReSitdt Gaasbepsesn thak ghere aored shift of

t
e5pectafice i oy S8l OO ol QoLERI BTR 4 1

st al®sl i tlgngsf waseloqsih of 60ksm fHoageregatd [B)@ridzn] Thésgpeotia SHIA lemis oo abincfease
col ori r |s nDr ens V, ; at, used
prior-ar abgﬂn?%tﬁggég@p%‘ﬁfap efen él%%g ogﬁh aﬁ%gbﬁf??graﬁaqrpwe 5?“0 value
si ngl e- shan dedsed BINA ghasibitide Iﬂemdmdmﬂ' hheagrirégatioh ectebiNAdr Yolition A0 NBn@kin
colorinetri, rinci [ shows the resul ts_ obtaine
usi ng t ﬁBecbﬁ? E’ﬁéh%%&a ﬂl‘)‘? S@ H?Fof‘g%}gﬁp 39 18)0-26; i%‘ﬁ%%foﬁ' golgtion D

with a nonspecific DNA, the A600/A520 ratio is 0.76. Hence, increase of A600/A520 ratio

30 between the two systems is 192%.

[00118] To determine the DNA detection sensitivity of the current colorimetric assay,
different amount of target DNA. (0-200 nM) was added to PNA probe (200 nM) solution for



SSDNA and dsDNA treated AuNP solutions after addition of 0.1 M NadC .
Successful 30 hybridization form ng dsDNA caused an obvi ous AuNP
aggregati the strand rigidity and doubled n Y har ge
of dsDNA g\gpégﬁ@g%%ﬁ ity of dsDNA to coat on AuNP, thug%ig{?é&rqémﬁmg

| ower stability against salt. A600/A520 ratio value shifted fromO0.29
for the WD 2010/ 093334PCT/ S&010/ 000247 30 unhybri di zed sol ution
(ssDNA) to 0.54 for the hybridized solution. Increase of A600/ A520
rati o i shyteidedayiodm44ietbion Gintite 19mM Wwas obithiaed fopdie 1B méd BNAUTh&RMnomolar
met hod (245,%%'H usi?nongPPNA as, g\r obe. [00123] Exanple I11: Detection of

si ngl e- b3FOSHtE appdie it gegelis fropapsher label drpsiassays sughtass3ugtreo Blasmon
Det ect i ORedharfle}SPe), Pase-m smatch in DNA is inportant for diagnosis
of generic disease.” The detection nethod of the present invention can
al so be P9&P]f dExamplesIIpDetsation ehthe prgsenpe aciie DN A tustiig] AuNPs gtability
sal t,s as,shomyd n the schenme in Figure 16. [00125] PNA-DNA dupl exes
of full ntary sequence and singl e-base-m smatch sequence
have undi0é12(]gus fiabissededbbes; teleatrostatidRspulbinh betwses asioad)ishél 35 citrate anions

Discrimpnation relies on 10 hi gh _stringent ndition, with for . .
exanpl o, SRt B BRGF HroReale; dopy pesrssion. Whgy ghip glpeiiats £PUsien ét
bet ween derdehyd B REIk EOENodiny cBIYFdé,BNaGINGLS nagdpRrtdsaesd S0 BEEEeatNAAE)is
i s observed, both Erom,thg color difference and the UV-vis spectra
shift i PAdRLING eashARiation rom Fighrrde{fina eppeonyatipn is &1 fb) to ssbHatiligrot dhsese
to tie NoARRAS Bedist A€ b HEBRVHBARE BASChahfCatd Ve BV JOUTOW & Z%E%ﬁ?e
efficiency is reduced, [eaving sonme PNA unhybridized. The free In
the sol t¥on would bind in conpetition to AuUNPs with negatively

ct ped BNk Yl AINRO ik SRR oPNAOAEPLRE 9 1 P N Yhddcl e
of the nanoparticls, causing certaln degree of aggreégation. To

quant i f yparthalesptor piecipitata gfieme gh¢ isolutiom ané ehgp seletiore decdmeSBitbtless glab , UVids

A600/ A5 a ated fq th.th nent ar 0.,44) a

i st o HoBORI): g Bisithen 3 PR, (B S PRATBNATGAEE ol 3iin S Raged o
samnd 5¢c hafoahdéreapppationshswa by ahablde tolor and e F@thes HRITAEV Ois Aidve¥Rb longer
Detection of single-pase-m snpat.ch,in a | on nce (22 met in,
Chi o St eaBlib QR 1 piteh i e Arcaeasgoft BNATA GoRbett @3, Fig pariles
sequencgpmathCwéldighdrded iddér 0.€ In® NAQYEL SR the réd 801y ARIEME SPYealSBVG20
for the 22nmer target, the A6Q0/ A520 was cal culated for both the

conpl emdit-aFBps( estiafh AUNPs \Habilitynagaiogt saliafurthersaffirmy khat \psgsgece; ofce spesifis
by 17. 6%rgheiDA SWhich e fornRaPNAIBR A 36590 caﬁofyro}&‘r’,ﬂﬁ}]@?t% dﬁite%{dhgéa

in the 13 mer sequence. Successful detection of single-basem smatc
in t20e 2zsresstioneduetiantifin the aggTegatinqreextenty thej A6 AS2Q) ritiol was calcul@ed dor

sol i d- 1 i gk ! SR C ] ..
ot hods) Ohin EOESRaRLANGERRE PREL BRRAT i P PRATAL SG0H capaipipg 4
t enper atnoenepedifit DNA)aThengdis wan0.82 and 4969 trdspedtiyblyi The alkciease FOAG600/A520
stringeng uch as._using hi. Lhperature. . [ 00128 LV, . .
Dot et SRHGPERERF P pRfkeRa delE ot by pebnatn e AR vics fginsi
AgNPs ~ stability of nanoparticles alone.

25 [00122] Use of PNA as probe for colorimetric detection of DNA is more sensitive than that

used in prior-art, which uses differential electrostatic interaction of single-stranded DNA
(ssDNA) and double strand (dsDNA) with AuNP as colorimetric sensing principle. Figure 15
shows the results obtained using the prior-art method, i.e. photograph and UV-vis spectra of
ssDNA and dsDNA treated AuNP solutions after addition of 0.1 M NaCl. Successful
30 hybndization forming dsDNA caused an obvious AuNP aggregation, because the strand
rigidity and doubled negative charge of dsDNA affects ability of dsDNA to coat on AuNP,
thus causing a lower stability against salt. A600/A520 ratio value shifted from 0.29 for the



WD 2010/ 093334PCT/ S&2010/ 000047 31 [00129] Silver nanoparticles
(AgNPs) have al so been used for a colorinmetric assay. Ctrate anion
coated Ag lution is well dispersed, show ng a yell cQ the
SP peak |§ﬁ§2§ﬁﬁ?§53280 nm. Addition of a 22 ner PNA ca&%ﬁ(@@?f@;g

to aggregate, showi ng color and UV-vis spectrum changes (Figure 18)
The remarkabl e decrease in the absorbailte at the 5 SP peak wavel ength

(400 nm and the red shift of the spectra (i.e. increased absorbance

at the | angybridized sbletigi (ssDBIAY.to BT fafriheamnam gatlutiG. gﬁ@&@é% A900/A520
AgNPs' gag{oelgatl n A550/ A400 ratl o can be used to prov

quanti fi ety PHe%, 588 aysh solla thathatg{dheexreat {fﬁﬂﬂoﬁl é?"g%@) ysige PNA
anount . hoipepatrast, the PNA-DNA hybrid protected AgNP remain in

yel | ow col or w th a corresponding sharp SP peak at 400 nm show ng

t hat t hel[Qf423] CEWIJJE HI.Detgation ghzingledba agdhulNPdbstability against salt

S not o bERAZi) R %ﬁ?&%ﬁ%‘?ﬁ@%@ﬁf@ B ﬁ%ﬁﬂf‘ﬂ?ﬁi@éﬁgﬁgw gE Efnerig

al so dendisedse.allsddgtédtipurmeth®) of Are prbsmous/eﬂm-r easasé be AAD fandlis purpose

spectrum,shift to er en were observed far _the rget DNA
cont ai ninhjé "Eﬁ"émh&f‘éotgg &t ’éh%q ﬂ?‘aﬁﬁ%ﬂ]”“%ﬁ’ﬁ n Fiere, L%Ps are

used in [00125]r ePNA-DNA-dipleRes @mmge:oa@mntasy w&fenceldnd Firghié-Basé AniS S
the original color of AuNPs ggltr and a mxture of the two types of

parti cl e$quce Bayrndisnepished ShAWNPS irintis Habilt: Disgripyaion relics on
SUNMEd | 0f Kigh EtHﬁ%OWohdlﬂbﬁ/'\ﬂMﬁ!fors e aBCHdditi&ﬁalsbﬂ NBE1 gmeollﬁ A very

nanoparticl es W n eaks at 400 nm and 520 nm
peaks wi Phvigns ¢ﬁ‘¢remeéz¢tweﬂn Eyaomelm@metpmn(ﬁifanmmxng!@ba@bmmple DNA

oo IS e Gk Ay e

t wo- col o®.1MMagb nethod at 0.2 M NaCI (0.1 M Nad was found | ess

sui tabl e i f [ | ef t neI 00 de a
(repr esewb? fﬁveﬁé Egg"’é’?éeg% |o%¥% Aﬁﬁﬁﬁpn)ceé’h a"ﬂ%"&‘ﬁé?ed §%rtgﬁ%ﬁt\§ﬁ'§&‘k
| onges b\/\mybe;kigngduhefﬁ(:reapy asediicet) 119?1@@ saﬁg Pegatxhlqrbnﬂi;zed\gﬂﬁsﬁrﬁlﬂldNﬁLi%lgﬁé
were observe at e sanme tine. changes vide a paralle )
ot oot n Pl SR Bpellion & SaNRS MTmeT e ST IOLbHNA hyords
Recei vedani3thPeSBNAE knd @l Aepl &tk ahedBtability oMk MRAdo 1éj§t(§§§nﬁ£‘ %&ﬁ@%@ﬁﬁéof
or absence of a target nucleic acid, wherein t nmet hod conpri ses:

provi di MESEEEATRY. T Wantfy pihe Rartgle Hegregetion ahttheapreyerwemfr §BMnderget, the
charge amgoRRSIE&h BflclIed BHChdth %@enqplaﬁah&'rg\'@% ) W 0.5

suspected to conprise the target nucleic aci 0 resu
m xta% e; TheHetusiincreases piugl.€%c aci d probe is substanti aI I y

conpl e t .

i xcur o PP e sife PRiL HaE bftafied fr SIREA S BRe bR el Hetoetipp o,
second mm@lubm—miemgﬂclnm arigngmh stquencet (32 niearighis oase) & momcdifficult than in a
co rise i.n the s t ure.or A net hod of detectin

o ebencemth dsafRE (B tnd Eiifheorn i i piy i AbtneRi o & Hgumadnce of
conpr i seSBMifocthbavinegtaryeeakd X600/AsTRwaeshdabited tor Gothahé SRASIEMEMES (@443}1

l e ich i ctedto oonprise the target nucleic acid 't
fOt rrg f gpsmﬁﬁcﬁtlf#é (0.36). The valuerlrlrl)creases by 17.6%, %emg smaller than that (51 6%)

for the mismatch detection in the 13 mer sequence. Successﬁll detection of single-base-

mismatch in the 22 mer sequence at room temperature is of significance. Other solid-liquid
phase biosensor methods (SPR and electrochemical methods) can not detect single-base-
mismatch in this sequence at room temperature without attempts to increase the hybridization

30 stringency, such as using high temperature.

[00128] Example IV: Detection of specific DNA sequence and single-base-mismatch using
AgNPs '



contacting the first mxture with a nucleic acid Probe with .a
substantially neutral net charge to result in a second m xture;
wherein the nucleic acid probe is substantially conplenentary to the
target nucV@?1098336¢  det ermining whet her the target nfGIEGM0%09047 s
conprised in tho: second - mxture ornot. 3. The nmethod of claim1l or
2, wherein the nucleic, acid probe witfi a substantially neutral net
charge is a peptide nucleic acid. 4. The nethod of claim1 or 2,

wherein ucl.ei ¢ acid..pro ri ses between.about 8 to 50 bages.
5 “The opFl iRl aftobore BeR S PE B i P (SEL R B Solppbelt oo Late
bet ween ah@iitoaléll KENBO soRE6S is Well THispetRN Sibvihig anyelloRecdddr (the SP peak is
pi ecedi ng cl ai ns, Wierein the negatively charged netallic

nanopai t4 et mlmdrdditionof 3242 mey BN A Gapspdhe AgHPs (R-aaameaats, shasrgg gelor
7. 8. A&'T‘g-g'%gﬁe%’tﬁﬁ Eh&@gsé{l’%ﬁre 1?)3 The remdriatlPectbh6d HOR0 dsoRBRE MRk

: d
13 Decenber 1 The hod o any one of the preceding clains,
wher 8i n $hpeakpraxelength (430 i) and the wed shifl of thespartraandpercased labsprbagce atithe

1 nobl donsy S VbnadivER 4D A wd it I SUORAGS SibpBlin" R fyRl0g,
al | oys crhtiq@ lean bé mpe:h‘mnpxioaideg:huanﬁmtiad of i aghhezation Ia:_(telntoefndrheinye theetaryet
Lot A B AR PR AR A R BB Sk Py
about  9QDcdrPespéhdinkshabfe SRQstalfat db@indA, Sho W@ tRatNthE pertizhk alrd k@ble and well

nanepartjcl ee _each have a Size in at |east_ogne dinension in a range
of t’}@t Wéiéqpeg%agdq g'lem;{'ptpglcg(pf ﬁlﬁgatwely charged PNA-DNA complex.

[00130] Single-base-mismatch detection using AgNP’s stability against salt is also
demonstrated (Figure 19). An obvious decrease in A400 and spectrum shift to longer
wavelengths were observed for the target DNA containing a single-base-mismatch.

[00131] When AuNPs and AgNPs are used in mixture, a two-color-change assay is used.

15  Figure 20 shows the original color of AulNPs, AgNPs, and a mixture of the two types of
particles. As expected, the spectrum of the mixture is simply a summation of the two
individual specﬁa for the silver and gold nanoparticles, showing two peaks at 400 nm and
520 nm. These two peaks will be referred for parallel detection of DNA to eliminate potential
experimental errors.

20 [00132] The discrimination between fully complementary DNA and SBM DNA is detected
by the two-color-change method at 0.2 M NaCl (0.1 M NaCl was found less suitable to
differentiate, Figure 21, left panel). An A400 decrease (representative of aggregation of
AgNPs) and a higher absorbance at longer wavelengths (representative of aggregation of
AgNPs and AuNPs) were observed at the same time. These changes provide a parallel

25  detection for the single-base-mismatch.



- one base which'i-s

-11. The net hod, of any one of the precedl ng d ai ms, wherein the .
Metal li ¢ nanoparticles have a shape which is select ed frer &% 18/680047
consi st ng of a- nanosphere, a nanocule,. a nanorod, a [EE

nanosttu., a nanocrescent, nanoplate and. m xtures the 8‘?’“"6

met hod of any one of the preceding ai i T8 wherein the. negative
charge -of ,;the nmetallic nanopart| cles™ 1S conferred.by a carboxylic
“acid .or.sulfonic abid.. or "carbolic. acid or a inbcture thereof -

i mobi'l i zed i da e, A58in ARG articies.
13. - The nethod of clog:ésnﬁﬂ %{er el %rtg%gﬁcggfgoﬁg%{%&%‘g?& Q‘%ngllt Tt ed
from the group %ﬁ%‘@@ﬁﬁ‘of citric acid, lactitc 2{(? d, acetic acid,
formic acid, oxal igoasiga nusliic a8 bdbe F¥E SIESHES |

mer Capt osucci i ¢ algl gl t&fh artlb |d 14. ﬁe {r]rtg%tl%& &”Feany one
of the preceding c‘i°5aﬁt“g ‘ha'fl é’“i Sr‘ﬁg’taﬁwlél‘@“‘z’i‘c?cﬂﬁﬁﬁ%tﬁprl sed
in an aqueous. sol ubimprise b8 targeh eudlet béidl tofesdin jh Qlﬁﬁ;t Qixxrhrbewggrgg%g ng

| wh t d od
o oupeoner st ng o R VRS Befnlt Ftdod Rl EL B depg MalEaci

PCT/.SG2010/.000047 Reledting et g @e@eermdrne@@mly chergedl: inaam\iehhmﬂarﬁélesany ‘

one of the pr ecedith gt RiaFBeodBILRED the target nucleic acid is either .

fully- conpl enentary to fhe nucleic acid probe or conprises a |east
d%'&?f“ﬁ’&ﬁﬂ’t’*@ﬁ’i‘é‘hfhﬁrtvg% mopleie gidnis compEsed dn dhepreobr. 17

The net hod of any fereafrnsthe Precedi ng cl ains, - wher ein the absence or’

. presence of’ t he target nualeic aci-d is determ ned-bY neasuring.the

querglber 2010

. optlcal propertles of the metallic hanoparticles or the-size of .the:

met al-| i ¢ .naRopi %Pféo%@gac@galf@snce or depee bf vmtget miBic sbidewhetihag of
anyone of the piegadbhgtised:al ms, wherein the amount of the targe .
nucleic acid can he de er ni ned by correlating the optical properti es

of . the metalli & ndifSpaARE regelelyghargsiemetallicnagppaticles with glsarppde which is
‘nanoparticl e aggr-egatedlto b@ﬁnﬁmmbmﬁeynuc]ei&aﬁﬂ% BanB i whddie:t he opti cal

properties or giz artic s of. anot her |
sanpl ;. 19. The ne ‘ﬁgdﬁ%ﬁ] % ev%@?cg?rﬁg‘? ﬁgﬁﬁ‘f segally o
_properties are def@K aehury to 113%135 malﬁwn@y@ﬁw wherdimthe nucleic acid- _

spect r0ph0t onmet er probfis: mﬂ&ﬁtlﬂﬁmﬂﬂeﬂmﬂ@tﬁg tgréettﬂﬁclélg’am%her ein the

Size is determ neg wi t.h trgnﬂ? sron el'ectron .m er oscopy( TEM -or -
light scattering CESHATYE IS “'Wﬂ%‘i‘ﬁ%é‘”ﬁf“ SpRyprispre otheispeond -
. precedi.ng cl ai ns, nfitureleriotcoipri si ng t'he addition oft salt to'the
- first mxture, and/or second mi-xture. .22. The nmethod of claim 21,
whérein the -salt conprises. cations and ani ons; 23. .The nethod of
clai m 22, . wher &hermethed efmirimriar i Whweipthe nndleio mhmhde witht 2 sl.t’ostdmhaﬂjf ent

- cati OﬂS i s bet ﬂ&ﬁﬁl@b@ﬁg&%@hﬁd@nﬁ@&é’ﬁm@ 5 M.

' 4._ The method of cIaun l or 2, threm the nuclew acld probe compnses between
) about 8t0 50 hases . ' :

‘ s. The method of clsum 4, wherem the micleic ac1d prohe oompnses between about '
1010 30 bascs. | ' -

.6 The method of sty orie of the precedmg c]axms, wherein the negatwely charged
metallic nanopamales are metallic parncles w1th a negative surfaoe charge.

' Amcn.ded‘Shegt- . |
- IPEAJ/AU -



24. A kit for detecting presence or absence of a target nucl'ei c acid .

in a sanple; wherein the kit conprises:: at |east one nucl

probe with a substantially neutral nes3 char ge; ‘and a IeaF T/@O? g204g '
of negatively charged netallic nanoparticles. Arrende 01
35 . PCT/ SG2010/ 000047 Received 13 December 2010 25 Use of at

| east. one _tYpe of negatively charged. netallic partlcl e iit'a nethod
of any one of.  cirbé methdd bhariFIneof i pecédimcdoms] iwigretnothe mpialticHrticR6. Use

of at |east Oneﬁ\{%g%l%{n%taﬁ%h% @ge with a substantially neutral net

charge in a net claims 1 to 23 or in a kit according
to claim24.- PCT/ 8620101000047 1 SEQUENCE LI STI NG <110> Agency for

[S)Elrgg'(l:_le NGTI?’(l:? EEET C]&:L\'g ABSfE%%?é@rN“;ﬁU%S lt% %gr DS <138€ P10436§ fl: 85%13
. ‘U861/ 152, 372 10m&t25i§1€°2@0@0192h313r0g36:9$1511gg of snIver, goId and a]]oys of ‘the
' ' aforement:oned materials.

9. The method of any ome of the preceding claims, wherein the mictallic
nanoparticles each have a s1ze in at ]east one dimension in a rangc of between

. about 10 nmto about 900 num.

10, The metliod ofclaim 9, wherein the metallic nanoparticles each have a size in at
' least one dimension in a range of between about 10 nm to 50 nm. ‘

1. "I:hc method of ‘any one of the p'reéedihg claims, whereixi the mietailic
B uanopartxcles have a shape which is selected from the- group cons:stmg of a
nanosphere, a nanocube, a nanorod a nanot'ube, a panostar, 2 nanocresccnt 8
nanoplate and mxxtures thereof: '

. 12 The method of aﬁy ohe of the préceding claiﬁls, wherein tl'ie riegative charge of
the metallic nanoparhcles is conferred by a ca:boxyhc amd or mﬂfordc ac1d or
'carb-ohc acid or a. mixture thereof Jmmobxhzod at the surface of each of thc‘ -

'mctalhc nanopamclcs

13. The. method of claun 12 wherem the carboxyhc acxd is sclccted from the group i
consmtmg of citnc acid, lactic acld. acetic’ aCId, forrmc ac;d oxahc amd uric

acid, pyrenedodecanoic acnd mercaptosuccmxc acld and aspartlc acid.

- T 14. 'Thc mcthod of any. one of the prec:edmg c1a1ms, wherein the target nucleic amd is

) compnsed in an aqucous solunon

"15: The method of any one of the preceding claims, wherein the target nueleic acid is
- gelected from the group consisting of DNA, RNA or derivatives thereof.

. Am-ended Sheet
IPEA/AU ;



<170> Patentln version 3.3 15 <210> 1 <211> .10 <212> DNA <213>

Artificial 20

pol yam de backbone instead of a sugarB'fbhosphate backben Qe
atcttctagt <210> 2 .30 <211> 13 <212> DNA <213> Artificra
pepti de nucleic acid: PNA13 with a pol yam de backbone

instead of a sugar-phosphate backbone <400> 2 ttccccttcc caa 40 <210>
-3 '<211> 13 "<Pg 2Fhayngthod of any one of the precedtng claims, wherein the target nuole:c acid {5

<223> '13- ner,

17

18,

<220> <223> 10-ner; peptide nucleic acid:. P ‘i%‘ Iin

either firlly complementary to the nucleic acid probe OT COmpriscs ‘&t Jeast one

, basc which is not complementary with the nucleic acid probe,

The method of any one of the preceding cl_a_iﬁ:s, wherein the absence or presence

ofthe taxget nucleic acid is determined by measuring the opti&l pro;icrties ofthe -

metallic ns.nopamcles ‘or the size of the metallic nanopartlcle aggregates,
reslaccttvcly ' o

The method of anj_:;ohe of the preceding claims, wherein the amount ofthe target
nucleic acid can be determined by correlating the optical . properties “of the

metallic - naﬁdpartiéiw or the sizc of the  metallic nanoparticle aggregates,

respectwely, in one samplc with the optical properues or size of the metalhc

: _ nanoparticle aggregates of anothcr sample.

10,
20.
a1,

o2

L

24,
- whevein the kit compns es;

The method of clmm 1’? or 18 wherein the optlcal properﬁes are detcrmmed w:th
the naked’ eye or witha spcctrophotomctcr ‘ '

' elcdron mtm'oscopy (TEM) or light scattcnng techmques.
ofa salf to the first mlxture and/or second mutturc

The metl:_to‘d bf c]siit_:; 21, wherein the salt i:_omprisés cations qnd a_xtigtﬁs; _

The method of clam: 22 wherem the concentrahon ofthe monovalent or dwalent
cations fs between about. 0.01 to about 0. 5 M

» at lcast one nucleic acid probe w1t11 a substanttally neutral net charge, and
- at least one type of negatwely charged metalhc nanopartwles

Amended Sheet
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The methcd of claim 17 or 18 wherem the size is determmed thh transmzssmn ,

The method of any one of the prcccdlng clalms, ﬁn‘ther oompnsmg thc addttlon 3

A'kit for detectmg presence or absence of a target nucletc actd ina sample,

800047
er 2010



45.<213> Artificial <220>. <223> 13 nmer; DNACOMp 50 I<40(2)ZO'3 tt gggaaggg:
aal3 <210> 4 55 <211> 13 <212> DNA <213> Artificial - < >

g3 ner; DNAML <400> 4 ttgggagggg gaa133565 <210> 5 <21]R P%Or/‘?LéZOlO/OOOOM

PCT/ 8(32010/ 000047 1 . ecelved 13 DecemberZOIO

25 Use of at Ieast one type of negatwely charged rnetalhc partzcle ina method of
' any one of c]alrns It 23 or in.a kit according to claim 24.

26 Use of at least one nucleic acid probe with a Substantlally neutral net charge in a
- method of any one ofclaims 1 to 23 orin a kit accordmg to- c]aJm 24,

.'Amcnd.ed'Shee,t.
IPEA/AU



\ <212> DNA <213> Artificial 2 <220> 5<223>
nucl ei ¢ acid: PNA20 with a pol yam de backbone

PR IS G2070/600047

sugar - phosphat e backbone <400> 5 10 ttgcactgta ctcctcttga20 <210> 6

<211>-20 <212> DNA 15<213> Artifici al

<400> 6 tcaagaggag tacagtgcaa20 1

SEQUENCE LISTING

<110>

5 <120>
<130>

<150>
<151>

<160>
<170>
<210>
<211>
<212>
<213>

<220>
<223>

P104363

Us61/152,372
2009-02-13

10

10

PatentIn version 3.3

1

10

DNA
Artificial

15

20

10-mer; peptide nucleic acid: PNAlD with
instead of a sugar-phosphate backbone
25 <400> 1
atcttctagt

<210> 2

<211> 13

<212> DNA

<213> Artificial

<220>
<223>

30

35 13-mer; peptide nucleic acid: PNAl3 with

instead of a sugar-phosphate backbone

<400> 2
ttccccttece caa
40

<210> 3

<211> 13

<212> DNA

«213> Artificial

<220>
<223>

<400> 3
ttgggaaggg gaa

45

13 mer; DNAcomp
50

4
13

DNA
Artificial

<210>
<211>
<212>
<213>

<220>
<223>

<400> 4
ttgggagggg gaa

55

60 13 mer; DNAmM1

65
<210> 5
<211> 20

<220> <223> 20 rrer; DNAconp 20

Agency for Science, Technology And Research

LABLE-FREE METHOD FOR DETECTING PRESENT OR ABSENCE NUCLEIC ACIDS

a polyamide backbone

10

a polyamide backbone

13

13

13



<210> 7 25 <211> 22 <212> DNA <213> Arti‘fiéi al <éﬁé§h2b§m@9ﬂqa7 \|/
| c :

pepti de nucleic acid: PNA22 wth a pol yam de bac
sugar - phosphat e backbone <400> 7 35 aaccacacaa cctactacct ca22 <210>
8 <211> 22 <212> DNA 40 <213> Artificial <220> <223> 22 ner; DNAconp
45 <400> 8 tgaggtagta ggttgtgtgg tt22 <210> 9 50 <211> 22 <212> DNA
<213> Artificial <220> 2

10

15

20

25

30

35

40

45

50°

55

60

65

<212>
<213>

<220>
<223>

<400>

DNA
Artificial

20-mer; peptide nucleic acid: PNA20 with a polyamide backbone
instead of a sugar-phosphate backbone

5

ttgcactgta ctcctctiga 20

<210>
<211>
<212>
<213>

<220>
<223>

<400>

6

20

DNA
Artificial

20 mer; DNAcomp
6

tcaagaggag tacagtgcaa 20

<210>
<211>
<212>
<213>

<220>
<223>

<400

7

22

DNA
Artificial

22-mer; peptide nucleic acid: PNA22 with a polyamide backbone
instead of a sugar-phosphate backbone

7

aaccacacaa cctactacct ca 22

<210->
<211>
<212>
<213>

<220>
<223>

<400>

8

22

DNA
Artificial

22 mer; DNAcomp
8

tgaggtagta ggttgtgtgg tt 22

<210>
<211>
<212>
<213>

<220>
<223>

<400>

9

22

DNA
Artificial

22 mer; DNANc
9 .

caaaacaaag atctacatgg at 22

<210>
<211>
<212>
<213>

<220>
<223>

10

22

DNA
Artificial

22 mer; DNAml



y

PCT/ SG2010/ 000047 3 <400> 10 tgaggtagta agttgtgtgg tt22

<400> 10
tgaggtagta agttgtgtgg tt

55 <223> 22 ner; DNAnc <400> 9 caaaacaaag atcta
<211> 22 <212> DNA <213> Artificial 65 <220> <2§§§@2§§OQMW4%O \ﬁ'lf

\\

22



