LABEL- FREE METHOD FOR DETECTI NG PRESENCE OR ABSENCE OF NUCLEI C ACI DS
CROSS- REFERENCE TO RELATED APPLI CATI ONS [ 0001] This application clainms the

benefi t q&g%ié)gdéégﬁ of US provisional application No. 6 1%%{2@1&%8004'7' ed

February the contents of it being hereby incorporate

reference inits entirety for all purposes. FIELD OF THE | NVENTI O\I [ 0002]
The present invention refers to the fiéld of biochem stry and in particular
to technol ogi es concerning the detection of nucleic acids. BACKGROUND OF

THE | NVENTI ON LIABIEB]IF Rpett mETwomFomaa‘ﬁEc:rmb BR'E@ENXDEIGRAMENCEES has

i nportant applications in nmedicalgg RERAIE | cal diagnosis, food and
drug industry, and environnent al m)nltorl ng 04] Most assays identify
speci fic sequence through hybridization of an inmobilized probe to the
target analyte after the latter has been nodified with a covalently |inked
| abel such as a fI(DrRQ.SS-REFERENﬂE TOCREVATED ARPLIOATIONSt | de det ecti on

gt nglF] podRstoeicesnn SaRPE HenSlg) iRt T A ean Py ABRBER RNz el

gol d naap/@@zmsl ﬁIi:d P@dfﬁa@f' $9 DE®) hBVERE&ERs oFO hed HRALY mc8§09£¥@'b§nt ly
functionaliZed with DNA séquences to bind specific target equences for

ol i gonursiferendeda its entietigfon all pueioses. been used. [0005] Present assays are
dom nated by chi p-based net hodol ogi es that detect DNA sequences through
hybri di zati on of an i mobilized probe to the target analyte that is | abeled

with fluorescent, radioacti \WENDIOFEAE INVERTEON nol ecul ar probes. O her
bi osensor ﬁproaches such as surface plasnmon resonance, imaging

el I} Eheupresert inventiomirefershiel HiecEeldt of bichemisiyeanch én lpgetw@iar to
bi ohaz r | surface attachnent chem stry for
atreghrL"ﬁF%q og%mﬁf%' Je détgg&ﬂn S naPI £eids

probe i nmo Fion expensive equip nents for detection. In addition,
t he hybrldlzatlon to sterlcally constrai ned probes on surface suffers from
sl ow response and | ow efficjenc é Al these di sadvantages (using conpl ex

| abel s, surface functi onBACKEROVRDOK JHE INVENTON; di zation ef fici ency,
and t hejogesy OfD@%&?d}ﬁ'oYes eaﬁcbaaigsmae&meemeneeasmwﬁg%ust %&ﬁ{a §'int he

chi p- based net hodol ogi es | ess amendabl e for fast and etection
f orl5poi mediedl-researshaglpli¢al didgoesis,doell ot drog irslustry,cqmd| engonroergtal monitoring.

[0004] Most aissays 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 ellibsometry, quartz crystal

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

attachment chemistry for probe immobilization and expensive equipments for detectlon 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



[ 0006] Therefore, there is a need for a nucleic acid recognition assay that
is fast and requires no nodification of the probe or target nucleic acid.
SUMVARY THE | NTION [0007] In a first aspect the p i ion is
directed 8235#Q§%gd of detecting presence or absence o%ﬁig@%9@8¥&ﬂzcleic
acid, wherein the nmethod conprises: providing a nucleic acid probe with a
substantially neutral net charge and c@ntacting the nucleic acid probe with
a sanple which is suspected to conprise the target nucleic acid to result
in a fi nsdasurexent @strvhetation) trbdentied ehip-basédimptholeloizies 3689 Hnenidalbsie | fyr fast
conplenentary to the target nucleic acid; contacting the first mxture with
negat i vaNY T JNA drteckionfer pparfoifzrarg applisations agd for on-siteapplieaiions i xt ur e;
det er m pg wh h t ' i d L ' e:.S

i xt ur e B or TRy Bk SIE neBh 30 e ab® ROTBGSE feoaf ARG o
to a netdymitenfio dmddatation ofthe pesteenroargethseisieacd. a t arget nucl ei ¢ aci d,
whergin the nethod conprises: incubate negatively charged netallic

nano%arti cles with a sanple which is suspected to conprise the target
nucleic acid to forma fir§yMVPARY ©F TRK BSVERGION first mxture with a
nucleic acid probe with a substantially neutral net charge to result in a
second (ROO7Iir e In aMissteispect He presshbinyentédndisshingbted itg a gudshediof des¢dtipg presence
conpl enent,ary tq the target nycleic. acid; .deternmning whether the target
nucl ei ¢4 l?sﬁx‘fes&caotﬁrﬁp%% 't ﬁaﬁh\gﬁesrglggﬁ%nﬁflg?t%&pglp&sesnOt_ [0009] In a further
aspect the prRSEAE al Mt iabid probelwitBcd ad)st&tiau}khéutfd)rned@ﬁﬁgé lah@ cBhtas@ipce or
absence of a target nucleic acid in a sanple; wherein the kit conprises: at
| eakQ o mgleieidd grobg witloh eample Whichsis suspseted 40 pymprase: the fargetmugleie aged toat

| east o : J - o i,Cl ]

Sti11 st PE o ARG Wi PRARHe BETrbb e is RGRANY Sofiremdiphalit o,
one t yptargdt nnelgmtacidel y charged netal lic nanoparticle in a nethod of the
present invention or in a kit of the present invention.[001 1] In still
anot her * asp&Ra¢Rg tb?g‘%‘ém‘xf“ﬁ‘?/gﬁpinﬁﬁ’tﬁ’§ﬁ’o‘%a&ﬁd pefakligpapepartiglesto regillcin ag e
nucl ei csRphdim%@Re W th a substantially neutral net charge in a method of

the present invention or in a kit of the present invention.
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 cdmprises:

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

20 - contacting 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 nanoparticles.
[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.



BRI EF DESCRI PTI ON OF THE DRAW NGS [ 0012] The invention will be better
understood with reference to the detail ed description when considered in
conj uncti | e non-limting exanples and the acco i i ngs,
in mhicthng%%Plé?g. 1(A) illustrates the detection pr?ﬁ?&%?gﬁ#@@ﬁfke
target nucleic acid according to the first aspect of the present invention.
Negatively charged netallic particles e well dispersed due to the

repul sion of the charges at the surface of the netallic particles and thus
appear [0013] f i (S Etilf Qhothet abpect tHOpRMM tidventibh fi8TdRRbt fFPHR SsedbLatS AW breS| NY
different shades for the particles). Contacting the negatively charged

met al | i Buqleie afidipsebedviti asulsfaritially newtral metehanget in adnéthed efithekiresdsat inventionl ei ¢
aci ds rg§ylt%13{l61ﬁ§éqnn&h§nﬁe due to different degrees of aggregation
with the 8f¥?ere%?pnﬁé} o idelds. The degree of aggregation depends on how
wel | the negative charges at the surface of the netallic particles are
shiel ded by the different kinds of nucleic acids. For exanple, in case a

nucl®ic acid probe wi tBREIEE DESGRIFHQN OFTHEDPRAWINGS ge, such as PNA is
added aj}phe t O ' t ' [t] L e h ) the
PNA bi n@?l?‘]o t#éé]glﬁ’r@?tg%{ewgl? lbié ﬁgﬁﬁé‘%’gﬁ%e d?lv 1&%3?%%&%@4 i ‘.ieéa‘%gr‘fe?@p\g@‘m ch
| eads twhen suhsidaed iial comiretidh noitiofthé menigisihg Vexaatpidsgmsd and atdonspahingn
aggregation of the nmetallic particles. Aggregation of the nmetallic

parti cl GeVnE@ Wigkte because the negative surface charges of the netallic

particledigf e il fLOSHuYattdde %&E&éﬁgﬁﬁ'iﬂe Pl twgfef‘nﬁé?ﬁc %Uﬂaafcgsslhin%:}éyt .

neutral net” charge bound to the surface of the net ICc parti
t helGaggthegfaist @speof of Hhe rreseht inveption.i Negativelye cldyged métaltic gfartidles awet aielli ¢

particl es _change ich can be, neasure | a.deteciion say . .in which the
ol e <ot iee i bR SnERERERT Y B siiriee Gidhe Birtiopicls ird fus
cont act fper fnha frst BBk Estiding HoiRy (ARERRY E016RMNRE isEE®n bR gdilfeleANiHald or
conpl enentary target nucleic acid (mddle pathway), the nucleic acid probe

wi th a thaiparties).abestacting the| negativaln ghepged sugttllig partgdes dispers¢dsin a sphwion
hybri di i | i . DO i al _previ heating.sten to the
bopect i SerEhcBpadpt Abtigg BiROLENNT B o ROBY, MRS B3 (AR dBedliae,

t hel 5s ubapigpaphation wythrikeldiffdrer eluclelvadofds, Theldbgras oPhifregitiol depéends dndbiv wexguence
|l eads to the formation of a douhl e heljx between them (PNA- DNA- conpl ex in
thy R ik

Fi gur e '§ NeEative chygst @ theryaciants rﬁaéllwamréemsabiielﬁééwéhﬁﬂiﬁ@aé sl i c
o e g kgl OSSR I g
neut r al charge, shelr g¢ PNAc onaddadedlont tth thienepatjutly vellaygedh aretpdliic 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 fdf 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



metallic particles. This difference leads to a different absorption which
can be neasured with a photoneter or is even visible to the naked eye.

Al so, th f aggregation of the negatively charg Lo

parti cl egwis?gg)???%?ent in case the nucleic acid probe W??ﬁ@t%%@()iobﬁm
substantially neutral net charge is mxed with a sanpl e which does not
conprise the target nucleic acid but o#her nucleic acids which are not

conpl enentary to the nucleic acid probe (right pathway). Again the degree
of aggr agREdued obdervdbie Ragedativhloy thddetfitt pRtidles e itRRIek i€bE§ thé ndé1éit ARt
thus leading to a different absorption. This systemis even usable to

di f f er entabst with dhqusubstaniially neptrpl aefeehasgs it senfagted witleithe aegatiyelynehargadget
nucl ei c_agi ' I} i [ A Its. i i uence
Compar cTeEUERUILES, BETBHGE 1SRN £l SRkt bhihioh Bafp g 3o

char ge aghbamndi@esr Bhewn visibleh® thxaimhbe Tye.eARol @k Heprbe beiaggleg@tombs the
Figure 16). [0014] Fig. 1(B) illustrates an enbodi nent in which the

negat i vBSEAtVEIY ehwEeedemstallic Ptickes ds dafferprt wopassthe quslei¢ pridi prgbe pvith, ghe
sanpl e ' ! USRS OfRel ; i C
acid. | %ﬁi{s&?gmz}égect E’}ieg&ldﬂggee%t [ oﬁhﬁgﬁtgggﬁgwﬁﬁg ?%é?ﬁrig&?ﬁg%e)tpﬁgﬁgﬁcl eic
aci d prohwadeniacil butsutixstramteicabdigs whichraa¢ noetomplamgatahat thehiugledr adid peobreg
affinity.to the netalli¢c particles than any. other. nucleic acid which n ght
be complietlasihiyayhd Eauhfhealeeiss o SREeBHTLRh Y BREIVED CHar e gae R RS aci
or any RtdiffereRt @S i&adifz @ AVERent abddfitidnh ThisdySein RUSLE uSaAE tdifferentiate
(non-conpl ement ary nucleic acid). Thus, conplénmentary (target) or
nonkbnpbetween fully enmpletnentanyi targetl pucléic @bida faned targetaiustpioacids whichnesnairise @
particles jhinds..to.the netalli.c particles is at least,partly displ.aced

bt er CnfRERRaRER® if ARl 58 RRhensE entes o TR RE by S P i

char ge §ubstantiAlly m@it@f nétlRBargebahis Keepahdwe iitthe kidipleh eeféiréd R/ 1RMAdin (R okl €s,
i.e. conplenentary (target) nucleic acid, non-conplenmentary nucleic acid,
and nuckiepee Kvi d probe, results in a different aggregation of the netallic
particl I cs ted. : netall i [ ( i ch
have al ezlagc bggﬁa@gﬁﬁ ggsﬁgggﬁwﬁgﬁmggglanp (afﬁvh‘i/ngli11 C tg%ri{ﬁ%?tg‘geghcﬁé&%%n%%%%nt ary
t arifet partitles carecéothitactdde ah fokte wdthached spmeplee whisgh hy bsuspiicrests tovi ¢dinpirise thar get
nucl ei ¢ aci,d bound to the netal]ic particles and binds tq th talljc
bar 1 o) S RIAPERARCLHREY FRT it 18 CHABPRECL 5 AP paspd oy Aome i
nucl ei CihaGhuglel U pide with £ SutsRABhIN hetMtal Ref HfardBiARd high®3ihdifg i) 1o Vas
not the conplenentary (target) nucleic acid but” the non-conpl erentary
nucl ei cthaanefallicpartiales| @ae any iothep nvpleiowcid whitch might thgraomirisgd e ther samphet

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;l 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



charge added (3) to the first mxture partly displaces the
non- conpl enmentary nucl ei ¢ aci dal ready bound to the netallic particles (5).

Thi s | eadgob@10493339r egat i on whi ch can be detected and lpegge261@/0800d€9r ee of
differentiation which is distinguishable fromthe situation in which the

nucl eic acid probe is mxed with a first mxture which included the
conpl ementary (target) nucleic acid (4P. Wth respect to such an enbodi nent
pl ease see al so the exenplary enbodi nent in the experinmental section with

the tit kieeadyBoundto the nidtallic paricles {4 e Thish¥ado\ak aggrtgationiwikich can be detected
si ngl e-base-m smatch sensitivity usi r]grhAuNPs and AgNPs" [0015] Fig. 2 shows
an Uv- vrd lsadovig e dseres 9f diffeaeniatinp nphychy odigtingnishakls feem the sipition ippkich

m Xt ur e fONRRGL. - o r @b QN i hld

sol utiog{g exg)oéeaglat mexﬁgﬁﬁggao‘?&%%eﬁ%%%@ghﬁﬁ%gm h%n‘éoﬁmsé l§to sane
sequenc @arget) nugleid akid §4). itlo easpect ko abchsaDiAhdlivven) plehde seataiso thé eRemaryand

10 is shown,. PNA-induced. particle aggregation renai ns det ect abl en SsDNA
"o i gPRlimenbidhe BEORa seotunO s, SPPES e s N
adsor pt QfpiRR A 818 ba R MSRAGE S hiing NP aRl AYNP8. | nsets are a

cl ose | ook at wavelengths around 520 nm and 600 run. 70017] Fig. 4 shows an

over | ay[f5B sFig2 shows/ani Vads adgarpioon spestitar ofmAaNPAgINEs AuNSp enxpestdi o

differe . Insets se | ook, at wavel engt arqund 400 and
500 nm PN BN T mRGEe SN KB ENRRS soliiiant X dorbTa e et pO AulPs
adsor pt hiticiR&posedad mhkiiRs dftige 20en PNIASYEL £1) afd BEDRA JfRafmbledudnb&{noPNAN
arid (B) 22-nmer PNA22 at different concentrations. (C) Plots of aggregation

deghee hyhsidizatien ogsuraba0ssRIPADNA ¥ BN Apratiocefn® ehtandt ilois shewnt RNAtpduced3.-
20-, ang 22- Mﬁf 9 | | {. has a hi gher
affinit Mﬁglegg%ﬁg { arr?inlodgés ds?g lec‘g}tlfln Jgppﬁéfs.lg%{éa\?i%;s‘cegggorpt I on spectra of
bar e Aufded6pndFiSPshavid e olerlay of i8nsuahs toif AMVWié adsorpliont Ypertrain BRALNKs200
nM and ssDNA of ,sanme sequence (terned as _noncDNAnc) at DNA/PNA ratio of O,
5, and %Peqsefb?bjhf‘aafr@twr t Insls s & Slos lokpatavayele rAr R bmcand 1490 s
particl gpaggregati on. UV-vis adsorption spectra of AuNPs solutions after 10
mn incubation with PNA22 (200 nM annealed with its conpl enentary DNAconp
at 1 2®012D, Kigo 4 simovsléd ovktlayToé 8i smes of JVhes plsirptadn spggptregadf dieNisgr ee

( Weasur&gpe%gedbx glogljff%?e%?)weYlg.r Séts Qrw Ic::)ose Iio%tki zﬁ'wavelengths around 400 nm and 600
nm.
[0018] Fig. 5 shows PNA-induced AuNPs aggregation. UV-vis adsorption spectra of
AuNPs (13 nm in diameter) exposed to (A) 13-mer PNA,3; and (B) 22-mer PNA,; 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 PNA,, (200 nM)
annealed with its complementary DNA .m, 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



[0021] Fig. 8 shows stabilization effects of different nucleic acids to
AuNPs. Phot ographs of AuNPs sol utions taken after 10 min incubation with

SSDNA, dsﬂ;lA PNA- DNA conpl ex (20-ner and 13-ner sa i ut and
wi t h addi &Rm&r’agﬁé(} (0.05, 0.1, and0.15 M at the endggh‘%lﬁ%@ﬂwg‘hqgn are
shown. The respective UV-vis adsorption spectra are for solutions with 0.15

M NaCl . The final concentration of all 6nucleic acids sanples is 1 niM
[0022] Fig. 9 illustrates stabilization effects of different nucleic acids

t o AgNPg.15(M) afthetaybpipldabAfonAgd\RfowaP THE r@pectiv@aovags addolfionlPedttdlare for
i ncubation wth ssDNA, dsDNA, PNA-DNA conplex, and PNA (13-nmer sanples),

wi t hout seiHdong with 8.daM Nafl.oFheniral coddentationf @llmuckei¢ anidOsapmlesgs 1 uMind 0. 15

M at t d Prqle i 4 and . e ndi_n - Yi

usor pt [OoR2 po e o SHRTHS dratiadBR orsl, B BekPIGRRAGE e Xies.

r espect PhetbyrapAdief AghHs sodiiaaint readrded after a0 ImidUilcebRioaCwilth ssBNA, "AYDNABY =

bri ght i;el low, LY = Iightm\(]el | ow;, VLY = very light yellow,_ B = _brownish; LB
r

Y
= | iyht PHAGRINA gemplex, and PNAGHA-meosammles). withoytandspigh edditipn ofdvesil (Bng. ' 10
illustr i.ngl -] hSCLiam j i I, | -
corp! exueEpFAdE FoR L TS ) £ R Dot o iy 107 4% alrelidiatdy)
m n i ncUbavisadsosptidn $pieétta peforammcattes ddditibh of Napl €hvehMr sespédidelynbhe Anal
si ngl e- base- m smat c Am ). .targets, W thout and w addition o d
(0r S & RHRERRRG G eI etigady BRM YL bt SPlovich ¥ - Bikictalipus oY s 1
mv [ 00 - i 18 us .t £ . co i r eqt Lon of
PNA Lyb%%’i Kl yelibwt (B LODESARI B = Gt bod, VIS 018y %ﬁﬁt%’gﬁgﬁh’sqﬁf
AuNF:  atranspenmes) i xed wi t h DNAconp, DNAmi, and DNAnc (final concentration 1

renpoct (PR 1R BfushEles ShefStas S AR MBS n B BBl AR e

22-mer  snpletesWBM-gis aliépfidn Spegira b2 (SNAUNPE Bed (BSAENDs afterSHRmiEasWbRizaNt  Of
target DNA h&%}ri di zation to PNA 3 inmmobilized surface in (left) 1 nmM and
(ri ght ) wth1 PR ppeyerapnealed qwitho samplemsatagy uRNAL s sAndrisipglerBasetmigaeicht es

AuNPs- b, ' ' | on: Of i fi i Ps'
b1 o p) bl o A8 WA AR 20K blcka MFac HEAURTStanaliplin) il
barks AuiNRlei¢ Bid AudienfMion is@)pMUNP+PNA- DNA hybrid, and (D) AuNP+PNA/ DNA

21 p)éf:lult ?@O%ﬁ?ﬁng&fég 'Cigl,}s‘ltraltésl tﬂg trgsﬁl tgsofpt‘ﬂcle\l E(S)I_og?nse%gc (Cigtlegt%nrrg} {’II\I% }%ned%alti%xq of
with DNA in DNA/AuNPs mixtures. Color photographs of AuNPs and AuNPs mixed with
DNA omp, DNApi, and DNA,. (final concentration 1 pM) of (A) 13-mer and (B) 22-mer
samples, before and after addition of respective PNA (final concentration 1 pM). NaCl is
20  further 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) AI;NP+PNA/DNA 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.



usi ng AuNPs' stability against salt. Photography and correspondi ng UV-vis
spectra of (A) bare AuNP, (B) AuNP+PNA, (C) AuNP+PNA-DNA hybrid, and (D)
AuNP+PNA/ DNA m xture exposed to 0.1 M NaC .[0028] Fig. 15 illustrates

AuNPs- bas¥ 28 8P3fet ri ¢ detection of target DNA using BRASERHIR&80047

Phot ogr aphy and correspondi ng UV-vis spectra of (A) AuNP+ssDNA and (B)
AuNP+dsDNA (e.g. DNA hybrid) exposed td& 0.1 M NaCd . [0029] Fig. 16 shows a
schenatic di agram for schene used for one-conponent assay for detection of

si ngl e- 11m FIRt BRillubtrated) AGNPs baddl cblorihBeicRER bY 8F Yars &AM A SRS BNA c
particl es o further discrimnate between target nuclei ¢ acids which are

fully conghesmBhotagiaphroimd) cmesvhr@tilngudwr\as apearprbé) apAuNPasgii Anawi ¢B
aci ds \A/I)\u(i\ﬂ”rahrsﬁ Otehé %ILIXh Hgisg){lr)%gé Ol{ﬁ)fejﬁ?gfs nucl ei ¢ acids conprising

si ngl e- base ni'sira in ong get sequence (M), it is

possi bl ¢0029]al tRg. 1ehshomshr memaﬁd; alagfa fort chérfie uk€d foRoaBRbApohR a8gheifbt ON
of npnoval ent cations, such as sodiumchloride (NaC) or divalent cations

to the Hgtseiien o4t singlebrsmismaieh dacdimcleic agideusing magativaly diasgrde metallic
degr ee n@%rti’é?és?ﬂ hﬁtﬁ%‘?PfsExg hafR R 081 fhap#t Hﬁa @fy mcﬁ%gﬂﬁgc {zrl%lne){t
a C ar ge CO

conpl enentary or single se m s elc acl rised in
t he t es{Cempplocthe Asclhizsachigerobelamnbrasdet ameleiclamdts lenm(are mbnﬁnlyaionqﬂaahdmﬂy, such
dlfferentlatlon IS ssi bl e.even at roomte%erature W t hout a

f ur t her S4%hegs mrcleigagidsecqmprisipgesipglahasamismatehiny %@é@%ﬁﬁh@ B e seqence
stringegpey {toﬁ%ssﬂﬁleg to ]aYterA“thPﬁymtﬁgglo‘ho L diti&s" iFor dé?ﬂaﬁﬁ;%é e Yddition of

si ngl e- base m smat ch. (A) bare AUNP exposed to PNA probe (B) AuNP exposed
to PNA- mﬂnbyalcmwlen% istielr s Sodivrg whisirisie Q\I@jil)meﬁvdmmans t» the hybridization

PNA- si ngl.e- base-ni sqat ch DNA conpl ex. [0031], Fi 18 i ustr tes'

AgNPs- bIUEET BT SHoRR PEra e B Singh iy Preef eudlisrtids seaperin
parti cl aspeniditg dvhéthst @lmgl édfnpleﬂﬂ@ﬁ@%/ Pl MisE A SRR 6D twlgagmbléld/acsci is
spectra of (A). AgNP+PNA and (B) AgNP+ %brl d, without addition of

NaCl . [ @9Bpfised; i, thigestxgmﬁleoef@e@sgbﬁeerdwtir@te @ ¢he experigtental section, such

single |.i o I r aph

nd-cor AneeilsFERS R UME G rh6iniimpihiibl e AR B Rpotsn ST ARERIA

conps emdet tesperayipe todincieast KyG)iddghiblt RiNAgéMdy. SBM wi t h t he addition of Nad .

[0033] Fi 20 sho UV-vis spectra of AuNPs gNPs and the m xture of the
[ o) A0S oot p

i §ig ot EQlopBIFEH dgleetinn pbsngle-Rasignismgiche (A daga ch
' n DNA AYNP"@xposed to PNA probe (B) AuNP exposed to PNA-fully complementary DNA

complex (C) AuNP exposed to PNA-single-base-mismatch DNA complex.
[0031]  Fig. 18 illustrates AgNPs-based colorimetric detection of specific DNA sequence,
20  using the particles’ intrinsic stability. Photography and corresponding UV-vis spectra of (A)
AgNP+PNA and (B) AgNP+PNA-DNA hybrid, without addition of NaCl.
[0032] Fig. 19 AgNPs-based colorimetric detection of single-base-mismatch using
péﬂicles’ stability against salt. Photography and corresponding UV-vis spectra of (A)
~ AgNP+PNA, (B) AgNP+PNA-DNA complementary hybrid, and (C) AgNP+PNA-DNA
25 SBM with the addition of NaCl.
[0033]  Fig. 20 shows UV-vis spectra of AuNPs, AgNPs, and thc; mixture of the two.
| [0034] Fig. 21 shows two-component detection of single-base-mismatch in DNA, using
mixed AuNPs and AgNPs, in the presence of 0.1 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



m xed AuNPs and AgNPs, in the presence of 0.1 M (up) and 0.2 M (bottom
NaCl . DETAI LED DESCRI PTI ON OF THE PRESENT | NVENTI ON [ 0035] The present

i nvent i onyi on the fact that the absorption, suc - VIS
absorpti %?%W‘%?ﬁger sed netal lic nanoparticles (NPs) i Ecgﬁgg{;ﬁoh{%ychanges

when the nanoparticles are aggregated. The aggregation degree is influenced
by the exposure todifferent nucleic aci8ds. This fact can be used to create
a detection assay. For such a detection assay nucleic acids with a

subst antjffdrént nAEleid RidsNThisTh@ AR bBuSed DG eAS a IR0k fssHE RSt lsut# detection
hybri di zati on of negatlvely charged target nucleic acids, such as DNA and

RNA. Thessayigiuelets apids withoh substantall y aewftd) stet charge |aye meed asiprabetto aletactjtheas

such, a br.id of -a target ,nucleic acid.with the nucheic ' gbe fornmed
by conpPaiedief o Akt it Jirkeriiere ebids st AN B ERAA B8 Beiste
and nonadiy pedbdi el the stbbtasSal Bf noutal fét ChageGs BuE & Bdidi el ORtgenHatlsicGerici d
(due_to no matching in the nucleic acid sequence and thus no conplenentary
bi nd? ng)vithxtke mugefe agid prober fosmed bycomplementary biadingrefpiarset apesichadihwitr due
to thei L.Efer |k ] t ' Lel ess
[0036] - E® FHI0E dhy bb bhfhidi bRl bl RdOE o fobd i GHAPBRMEE £l

met hod @fuedemneahatolginglie enarldc acit sequeace AnditHua ngadontpleheitaryasindingnexart
solution.. This t hod does,  not require that any of the_nolecules involved
'n the HikRRyefects o g%teatallw‘%n igfes pehagior A¢ tQ Bt shirreat sy te inferp

di sper sggh ik Refal it AoRsriagsieous sol ution. The nethod conprises: providing
a nucl eic acid probe th a substantially neutral net charge and contacting

t helthuc[0®B6] aciThupnolhefinst aspeat tharmpesentvnivehtion issdisgpéest toda teethashpf detectinge
target nucleic id to.result in.a first nmxture:. wherein the nuclei¢c acid
probe. | ErESeBE OLARTEREE §F SRBFMSIRGRSIY iR 2 hlutoR, Sh Mefhvd decs gt deatiibal i ng
the firgly 8T teUn6lebhles im@UAU! Mahy ntdlidDRatth& td & sBRd iphadeC AL Borhfsiients | N a
second m xture; determ ning whether the target nucl eic acid is conprised in

t he secwused can ke dispersed Hor liqyidosaquepys sohetiamil b imeglind eamprisgs:get nucl ei ¢ aci d
is a |l abel - farqef r el Cl r ' Ld;. Wth
this met nodPlREibg Bkl Gl o hitn W plt HaRHANPHedi] 38 ol he oBiblling

3 eqlﬁen_cmeghwreic_t aglicapxgba g}i&rmm}mﬁiﬂio Eusiplﬁctédhﬁ) migﬁﬁeghafairght Qaﬂﬁiwlcid to
eterm ned rapidly by neasuring for exanple the absorbance or change in
parti cl Eslf ea BEY SUYLES; ip dig musieis ACH pEOREHS Spkstantialy cpmplementary Wienod

S fas"ta?é?:@'n@cfli:iic%ﬁ?t since hybridization is
. contacting the first mixture with negatively charged metallic particles to result in a
second mixture;

20 - determining whether the target nucleic acid is comprised in the second mixture or not.
[0037] In one embodiment the target nucleic acid is a label-free target nucleic acid or
unlabeled target nucleic acid. With this method the presence and absence of a specific target
nucleic acid sequence down to a single-base mutation in the nucleic acid can be determined
rapidly by measuring for example the absorbance or change in particle size caused by

25  aggregation in the particle solution. This method is fast and efficient since hybridization is
completely separated from detection, thus eliminating sterical cdﬁstrains 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.



conpletely separated fromdetection, thus elimnating sterical constrains
of surface-bound probes or |abel ed probes which slow down hybridization and
the entirgqdgl ‘?'(%5339” process dramatically. This nethod ipgrRlcSPeRaE" tO
use because it does not require a nodification of the I’IUCFEI C acid probe or
target nucleic acid (labeling with fluorescence or radioactive marker,
coupling to enzynes, etc.) for detecti®. [0038] The term "nucleic aci d

nol ecul e” as used herein refers to any nucleic acid in any possible

conf i gUNafci e acidinBludé fo°r'1ﬂ§$1ﬂ:e5ﬁNR%’cﬂébulé10RN|A@m§Ie’éﬁlé§i ecﬁinaﬁ)rgu@s mﬁ@m boN

t her eof . Nucl ei ¢ aci ds include for |nstance DNA nol ecul es, "RNA nol ecul es,
anal ogu@xé\h‘bfgemftreted)mn@rmﬂmtlge@ealag@ﬂ Qrgismg mfl!le@mdddleanamgu@@dmucm ng

nucl eic_a c c nycl ei cules (L cul es
ind t eofORpeHBTanT A, PRAE SREleRE oo G5 Ry ARG e b R B
126, 40Chem03d0 (2083) ummsmw) RS IA FRslidul B sRNAo Bl TRO0S batlbdna with a
met hyl ene bridge between C4' and 02', which | ocks the furanose ring in a

Nt yDe EwHilens aﬂﬁéfh Jbebresni Gdhndh©2) cwhisht logks rthe eRwanesej BRg 4n ha ghdype
dupl | |
or ecul SOl BRUIGHE RS fio) HoRRGR: yil w HiBH diblon TR Saictels.

ori gi n sesibtaney. Ibﬂ:l&l ABNA moleddls lah . NA rrodeebate: hafsw:cthargadl mickbael DNoaor RNAe. g.

MRNA, cRNA, syntheti.c RNA, . genom c DNA, cDNA synt heti copol yner of

DNA and™RK&e $’~‘@‘8ﬂ‘6§:%6¥1}t’6“g§ onigip apd X Praynelg of dou bemraﬁfie@e%qxgéwclswout 2
L 10 23,04chRGd dESnRieA, (RNASREEHLYCRRULI, enﬁ&bmﬂgnﬁwg R BNGONE ai N

nonnat ural nucl eolide anal ogués. | 0039] nucl eoti de anal ogues aré known
andl@ancémlymeseh DNehdnd rRNlAedhgmnuclwtldm hmstso ®INA Havingy e dengbin .of between

P SO 6 SO0 Pt LS5 SO0 ECA RS AMERRASY bl Phon

exanpl epatfra} whslebtide dn@ldglés. 2' - O—| reS| dues of SIRNAwth 2'F, 20M or 2'H
residues is known to inprove the in vivo stability of the respective RNA
Modi fi cHi38hs Manyheudleedide amalogyes atel kapwmandregn b @resypit rd/prcused in the
nodi fic r. | S,
such asﬂlu#hz@a%@? IO?E]APV&WO%O‘Q%? ﬁyly%“g%lééu 2 1?9%, gllr%){r%@e: er{ﬁaln ZIT%nfghas véjalf ?‘ as

nontfpur fd?ﬁnﬂﬁnd&ﬁh@hﬁdemwgaﬂ ®r rphoé;ﬂﬁtel ideietiess s anQllnstrativedixadplere sabainaipnes
serve as_universal Uni versal bases |nclude 3-nj trop¥rrol e and

5-ni t r oPhdoPE rmu%?éaﬁ%%@ ZFe2’ShMe o2 Thrssidved i kngyx fo HPRVa e Bt her
base. Bgsg Smﬂitglmﬁé LY e&{vteefawgamaﬁﬁ&&m rateﬁ,e%ah@ rﬁaetyefﬁ@male DafraUERAT

modi fi cation I nstance 2' - O met hoxyet to achi eve
uni que gﬂtdpf&l]ctme@ﬁsmms of A, C, G, and T/U, different purine or pynmldme bases, such as

uracil-5-yl, hypoxanthin-9-yl, and 2-aminoadenin-9-yl, as well as non-purine or non-

20 pyrimidine nucleotide bases. Other nucleotide analogues serve as universal bases. Universal
bases include 3-nitropyrrole and 5-nitroindole. Universal bases are able to form a base pair
with any other base. Base modifications often can be combined with for example a sugar
niodiﬁcation, such as for instance 2'-O-methoxyethyl, e.g. to achieve unique properties such

~ as increased duplex stability.

25 [0040] The “nucleic acid probe with a substantially neutral net charge” refers in general to

| a nucleic acid which comprises instead of the normal negatively charged ribose- or
deoxyribose-phosphodiester backbone a backbone which is not charged (neutral). With
"substantially neutral” it is meant that the nucleic acid probe can include a nucleotide with a
charged group, such as a negative group or a positive group as long as this does not influence

30 the binding capability of the nucleic acid probe to the metallic particles or in other words as

long as the positive or negative charges are not sufficient to balance the shielded negative

charges of the metallic particles.



as increased duplex stability. [0040] The "nucleic acid probe with a
substantially neutral net charge" refers in general to a nucleic acid which
conpri seswonsir@eszef the normal negatively charged ri boser/seho10/000047
deoxyri bose- phosphodi est er backbone a backbone which is not charged
(neutral). Wth 'substantially neutral' it is neant that the nucleic acid
probe can include a nucleotide with a Eharged group, such as a negative
group or a positive group as long as this does not influence the binding
capabi | [@041pf Fbe examplej & nacleit @didpeoieowithea pEistntially paiitidl alee Shargei dould her
words as long as the positjive or negafive charges are not sufficient to

bal ance YRENShelufamdf afdgand/reasprric Al by intioducpegafive chaees & &Y/ sotept For
exanpl eafféﬁtﬂlgq{s%ﬁi@% ﬁinagg% befahic?nang igﬁag i2h or Sbledhariel il #ugriccoul d
conprise glutam c atid and/or aspartic acid to I ntroduce negative charges

t o PNA egitd$ycuch affRNAI oigRINA Alsb] atnuctedc beiddprbbe whith asubsthntoallyamasral netcl es

I n nore st abl nner .t han nucl ei ¢ acids, such as or RNA. SO, a
ot b1 oC5eRe BBET A, MeTien s MHah d1s 4 FoRDYE FIREeEoRRAPEe Ydsed aatart b
lysine, aftitimB théfurtiBRAit) bY eheCrRNEE acidPibBl AfGPed® M&H. Pof HQMipIald Bl Ng
the functiondlity of the nucleic acid probe referred to herein. For

exanpl eused ENmudlsiedcspiobe laad ccanying ppobiéivarcargarwas shpwn pobind eeenciharege
was sho to hind even nore effecti.vely.to netallic noparticles, such as
gor o naisdePePdnatiE -BRGR-EO5E Shot B ot BrB ot G R SRR 2Lk s
nor e agedi@gprobencadf cduse ¢vehambie apaRgpeit iof | B8 . méalk hhtopaeideéd. | Vindsy thési Ng
slightly positively charged nucleic acid probes, such as PNA can be higher.

[ o0HD] $emsitiy aping glightht posithelyhehargsdnugleicacd probesyisueh 25 BNAwan be ihigher;
tral h ' i St
orbod, 9L pRESEE o, BBl biiarAek, i o S| St neckrlE, ||

neut r al ismet a cinglegstranddd DNA (ssDNA)t hat for exanpl e PNA bi nds nore
effectively to the netallic napoparticles than DNA thus making PNA a

sui t abl (0348, B Png SBbpimefiss ﬁ&%ﬁ@hsfs Ysed 2p pedeiacidRrah mfh.a pboaafan
pept i dendiifal fbtCchardedlt (WNAbuAE &t Fit BRpRIBY & Vinds MER Rt Ay Jo BRI RetlIR
which is simlar for exanple to DNA or RNA in that it conprises
nuclseobraneparticteathear DNArtbuemdkiog PN /A e guitabletopl &dvarse authg masthérbolf ths peasent
backbong tq.mhich t he nucl eobases are bound it conprises a pseudo-peptide
backbon®VK'Wore detail, in a PNA the purine (A, G and pyrinidine (C T,
U) basemogsp antmphigdntdeitheidq@dkboned ihiRuygseneintihteineis aanhbroyle wHickRges.

Unl i ke DNA, : . . .
similar for example to DNA or RNA in that it comprises nucleobases. However, instead of a

negatively charged phosphodiester backbone to which the nucleobases are bound it comprises

20  apseudo-peptide backbone. In more detail, in a PNA the purine (A, G) and pyrimidine (C, T,

U) bases are attached to the backbone through methylene carbonyl linkages. Unlike DNA,

RNA, DNA analogs or RNA analogs, PNAs do not contain any (pentose) sugar moieties or
phosphate groups.

~ [0045] By convention, PNAs are depicted like peptides, with the N-terminus at the first

25  (left) position and the C-terminus at the right. Besides the obvious structural difference, PNA

is set apart from DNA or RNA in that the backbone of PNA is acyz:lic, 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.



RNA, DNA anal ogs or RNA anal ogs, PNAs do not contain any (pentose) sugar
noi eti es or phosphate groups. [0045] By convention, PNAs are depicted |ike
peptides, with the N-termnus at the first (left) position and the
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set apart from DNA or RNA in that the backbone of PNA is acyclic, achiral
and in case of the present invention slbstantially neutral. PNAs can bind
to conplenentary nucleic acids in both antiparallel and parall el
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i nterstrand-negative charge el ectrostatic repulsions. i ndi ng

DNA andvéihtdbde deplex fametionredemat y redativehy bight tempetanee bamadd weyry dligiDbiAding DNA
or RNA to RNA. _PNA/ r PNA/ RNA hybrids thus show a very stable pl ex
f or mat | BinEYeftddiiona Y%ithe P&&P@e HP@ e e@ﬂﬁ%‘ﬁﬁlﬁ%’_@?%&ﬁ%%evﬁmwwns Bi Piiftng
af fini tbboleegté'ﬁfdn‘i’ﬂﬁidh?g’ to eﬁpaﬁaﬁ&n&ﬁly%ae@&%gfﬁrﬁtygg oGRRILAE HiARE Hhong al so

prevents a PNA nol ecul’e from binding to proteins normal |y have an

af fithi t 9f ENApwbidarinemer. soskneed non-specufieintsradbiias.avoi ds a maj or source of

non- spegif,L£ I nteractions. 47] . As. mentioned,. a PNA nolecule is a

synt het fdé"‘Zﬁc I gﬁ o '&tfodlea’nﬁl %Igge "gﬁdl‘atcﬁlealsp §eﬂﬁ’§beg’|8t pygdeig a@k‘g GHAOBRE WAL ¢ he
phos phogleagspptiBeb4k®BRe B WhiRH thd phospkbdiédvh LAEKHING préseh€inl € PNARYor RNA
repetitive units of short aliphatic noieties with an am no end and a __

car boxylsitepla¢rd byf gpefitiig wts sfishert pphatic maipiéesovitly amaming engoandrparbaxyliche
short all I: L.etq : - . ' and
pyri mi aris g ife AP ufldeHbnf in S BREPGY1vAEE R ARE SR, AL IS bt
carisonybadkbores mucleobaes;NBuaibl parilecaminyyritakiinecbasesicdre atiached vimal sidb clgrimur i ne

o R, IR Dol O Rodl B g PRI g
ﬁ‘ met hy %&ﬂe%ﬂ']ﬁzngxﬁ&ﬁ@ ibﬁ?qsbﬁ?ﬁ BL (ed. Egiﬁ?{b{&ﬁ olf Wifibld purmheSmd! JYiti@e BGids:
ypoxant hi ne, xanthi ne, ribothym ne, net hyl guani ne or

include, but are not limited to, cytosine, 5-methylcytosine, guanine, adenine, thymine, uracil,

5,6-dihydrouracil,  hypoxanthine,  xanthine, ribothymine, 7-methylguanine or

20  7-isobutylguanine. A number of further suitable illustrative nucleobases that may also be

termed “modified” nucleobases have recently been reviewed by Wojciechowski & Hudson

(Current Topics in Medicinal Chemistry (2007) 7, 667-679). These include inter alia 4-(1,2,4-

triazolyl)thymine, 5-alkynyluracil, 5-iodouracil, thiouracil, 5-(propargyl alcohol)uracil, iso-

| cytosine, pseudoisocytosine, 5-(ferrocenylpropargylcarboxamide)uracil, Né6-alkyladenine,

25 N7-xanthine, 3-nitropyrrole, 6-thioguanine, phenoxazine, 2-aminopurine or 2,6-
diaminopurine.

[0048] The classical and most used PNA consists of repeating N-(2-aminoethyl)-glycine

units linked by amide bonds. However, the backbone of this PNA lends itself to further

chemical modifications. For example, the glycine units in the N-(2-aminoethyl)-glycine unit

30 can be easily substituted either partly or completely by all naturally occurring amino acids. In

one embodiment of the present invention it is preferred that the amino acids which are used to

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



7-1sobutyl guani ne. A nunber of further suitable illustrative nucl eobases
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doubl e stranded nucleic acid. The target nucleic acid can but” does not need
to I¥e IﬁlnsédedSHCh Iabeldeczmcfoa,bl“aﬂmt tinitagionge flworbphbreshée. g)r dierascéinv@iTChn. A

can be, POPHTNTT | ARRGETIBT,  FPUBEBbRGYEs. b, GomOPRYth cDBb: AT FIoRgRetife
phycoeréﬂeﬂfdhﬁmnéﬂiéﬂﬁrﬂlﬁgﬂenc Cpadinaghetidy pfomatine6O R4S ddidlorarRymes that
radi oacti ve, chenol um nescent, ?net | C, paramagnetic, promagnetic, quantum
dots oryieldz mo@mt that may be colored upon reaction with a specific substrate,
chemoluminescent, or magnetic. The signal generated by a label is generally detectable by
20  any suitable means, including spectroscopic, photochemical, biochemical, immunochemical,
electrical, optical or chemical 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



yield a product that nay be col ored upon reaction with a specific
substrate, chenolum nescent, or magnetic. The signal generated by a | abel
i s gener Y. tectabl e by any suitable nmeans, includin r ic,
photoche%&bgpﬂﬁﬁggéhenical, I mmunochem cal , electrical,ggigﬁ%gp%@ﬁaghenica
means. [0051] The nethod of the present invention cannot only be used to
detect the presence or absence of the Yarget nucleic acid but also to
guantify the anount of target nucleic acid present. Dependi ng on the anount
of 't ar gfieadittitigedatnpiesi GAcldBRED knbWn danSATR|0F £ ARRARIE]® adidodNEiffebehitRarget N
which the target nucleic acid is conprised in a different anount, the
degr ee B¥cleig@gidsi ¢ particle aggregation will vary. A change of the degree
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G 1T or ofHE AVGIE ATl B EreSiet G mpBOBR PR dHeoRs SEEHGRS HEep Botebicge:
nucl ei CpAFEIRS afd BsddeRRich Shve NiffBRnS BPIda prdpPi@Vintl fifhis"eaht feBhiE i Wpkgls aci d
probes which are specific for different .target nucleic acids. In one

enblédi nehsorbanee signalhwhichdian beeasity differgatiatad oy epectrpstapic methode ksowe ih the
parallel_ in one sanple. The resulting optical property of the netallic
particl e aggregates changes in case nore than one target nucleic acid is
present[0868!] t hike atdrey\sf skr&fatibiliofi thetaetallR naBBpattioRE réfafréto Ret6inehéngsi d 1S

present or nore than gne. l1n _one enbodi nment, different netallic particles
ar e usedpoprhinding gf e nugleic seidnThe degrearf apereation depends on thedkiad af pedeir acidn

differ FhSRrb 4.gn [ e | L f.f [

spect rgt?%topi c met %g%%go%ﬁlg%@tfﬁg ég‘rq]?lpg[ ﬁg%ibgél(rﬁgﬁ%egﬁ ﬁgogEigcgarméeéiaP Yon of
t hel Smet aggrégatiom b pailtiple kmgler remeparéidles.CT ese ehange$ amngbs meponedusidg senddrd a
nucl ei c_aci d. .The degree of q@gaegation depends on the kind of nucleic acid

t hat bi THLEOSCRYG L T PHANGES T or exanpl e t he absorbance or the size

caused [op5409" BO&d SRbOdimEH, Ith RinBarkdeN@t GndhdMabRY 10t thSe cHIRSR RBaRAsTiccan
be neasured using standard ‘
nanoparticles are plasmonic nanoparticles. Plasmonic nanoparticles refer to metallic

nanoparticles whose surface Plasmon resonance frequency depends on the nanoparticle size,
20 shape and composition. Light incident on plasmonic nanoparticles induces the conduction
electrons in them to oscillate collectively with a certain resonant frequency. This resonant
frequency changes in case the metallic nanoparticles aggregate and thus can be measured, e.g.
with optical methods.
[0055] For example, a single 80-nm silver nanosphere scatters 445-nm blue light with a
25  scattering cross-section of 3x102 um®. The shape of the nanoparticle extinction and
scattering spectra, and in particular the peak wavelength /lmax,"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 nanoéube, a nanorod, a

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



m croscopi ¢ or spectroscopic nethods. [0054] I n one enbodi nent, to enhance
the nmeasurability of these changes the netallic nanoparticles are plasnonic

nanopart i‘?,b%l%iggggnoni c nanoparticles refer to netalli QC'?%QQS’EYOMOQJ( es

whose surface asnon resonance frequency depends on the nanoparticle size,
shape and conposition. Light incident on plasnonic nanoparticles induces

t he conduction electrons in themto osl@d |l ate collectively with a certain
resonant frequency. This resonant frequency changes in case the netallic

nanopar {ii§ nfanPgaf &@hMopidiclel WSed 8sh Q@ld’&%ﬁa&ib?ﬂticﬁs Bavink ot @Bly & Mbular
met hods. [0055] For exanple, a single 80-nmsilver nanosphere sScatters
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one enbodi nent, different nanoparticles wt | fferent shapes can be used
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Al t hough si.l ver, and gol [ he nost co nly. used mpterjals for plasnmonic
nanopar PEEHE MGl |88’g1 ﬁ%heiaﬁ?p%tcgfl ,a?sg{gregys%rass%wl nﬁ'ﬁ@(g?r trﬂgﬁlﬁfsar ge
negat i \ﬁfanbp;ﬁ{icld'g_d ectric constant and snmall imaginary dielectric constant
can be used. |In one enbodi nent the nanoparticles are alloys of noble netal
particll€95%F ninxeng embediment, dhe metalliemanonpagti¢les peghehave ©sizerinraitleast Hng,

such as;: LAl t ' f LN i ' Q‘Sﬁiﬁ
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used o5 ROSSLELRRLE! p ey Tet el us npnopartTcles. (00561 In one
[0059] To avoid that the metallic nanoparticles aggregate even without that any nucleic
acid is present negatively charged metallic nanoparticles 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 taréet 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



di nrension or at least 10 nmor 20 run or in a range of between about 10 nm
to about 900 run or in a range of between about 10 to 50 nm In anot her
exanpl e tWe 2913 the nanoparticles is in range of bepwaadfdvési0 to 30
nm or 20 to 30 nm [0059] To avoid that the netallic nanoparticles
aggregate even without that any nucleic acid is present negatively charged
metal |i ¢ hanoparticles are used. In on® enbodi nent the negatively charged
nmetal lic nanoparticles are netallic nanoparticles carrying a negative
charge dfe mﬁmdiﬁgtleampreﬁ aeferreB fodhegingftha mewbei 6f &®l Preséian@eentioneis
repul sion of the nmetallic nanoparticles and thus | eads to an aggregati on.
As nor eS@sitiveecnoughttp  differeatiatesbeiweemsingla hpse misrantehesr tThet aneans that theded

by a nu ' ' ' i ] 11G:
ranopar e Eate pEatE oF hgka RS HERIR, nARRRARRY dingls ir ¥ BELFblIE
subst anadidld not feliyt camhplaentatyeto glee mlabeieadid peobet ar get nucl ei ¢ aci d not
present) | eads o .a high degree of aggregation (see also Figure 1). It was
f oun t oS ianel‘?éh‘bf‘a%’Pﬁ?’ﬁ%sd“BTaﬂ% X5 Buriace ¢Ranes AR e BN eneharainy
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aggregate the netallic particles to the same extent as bi'nding of t he
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in case the sanple conprises a nucleic acid which is not the target nucleic
andl@ hukcdo easidoaceticnacido fomeicnadieiozalici atidr sbe aeid, [pyrenededesandie Fidyur e
1, righ h - il ] rated.in_Fi e 16 h orre ndi ng exanpl es
referr e‘é‘eﬁgﬁtﬁ\é%fnﬁ&?ﬁ’easﬁe%’ﬁ%&%f © ffee %ﬁlé’saegr; e %ﬁgtéﬂgsl %)nmi“ggtglgﬁes ?‘fcﬁ\?gldgnoug h
to diffariebiudice dfahyekic minopdriclbaa® khosikincthe art. Foakx4mple Scitri@tstdbilezed
nmeasur abl e _degree of aggregat ion of the netallic _nanoparticles chas&es i f

t he tar QBNPRYereprepated by thepsl rednetipncfnipafbnwithysodm igiratg, (Grabar, Xefd

r obe. al4 1ic 0 | A n ' fia n be
Ircl)anoparit:lfgc gi’ I\%\/h%’r %at: ﬂ"tlﬁgg’ng‘g’gﬂ‘\%%ﬁﬁg%@ Iglg“ (?%g%nlzl? gﬁ%&”‘ g‘%ﬁ%g‘?ﬁ? ﬁ:‘fgs i's
conffSer r milingybal withbogorbuscstaong Aftersthhtf Hhind. oft3 818 enMcsdiwoh icitrate vds capidly

m xture pf .the aforenentione ids which is i [ lize t the syrface of
T s afte e ey CoflsoRaing fas Rantus S dpmE i R AP Sy pE Woae i |
can be, thBhltretSvetanl i ikt waQ ohntifhdd R%1 ldidodat 16 Af. MapLat.l et aci@poX, orm c

acid, oxalic acid, uric acid, pyrenedodecanoic acid, nercaptosuccinic acid,
aspar t i bangmudr, vobl & ap@382) dis¢loses wmathadipd tmmebilizngyneicaptosussiniaiadid st the

surface of metallic nanoparticles. Tan, Y.N., et al., (2008, J. Phys. Chem. C, vol.112, no.14,

20 pp.5463) discloses a method for immobilizing aspartic acid at the surface of metallic
nanoparticles. It was also found that the lower the surface charge density the higher for
example the DNA or RNA detection sensitivity.

[0062] The nucleic acid probe can be fully complementary to the target nucleic acid or
only partly complementary to the target nucleic acid. In other words, the nucleic acid probe

25 can have a sequence comprising one or more non-complementary nucleotides. This allows
detecting the presence and absence of a target nucleic acid comprising one or more mutations
in its sequence compared to the sequence of the nucleic acid probe. As demonstrated herein
and 1llustrated in Figure 16, the method of the present invention can be used to differentiate
between target nucleic acids which are fully complementary and which comprise, for

30 example, one or more non-complementary nucleotide(s) in their sequence compared to the

sequence of the nucleic acid probe.



at the surface of netallic nanoparticles are known in the art. For exanple,
citrate-stabilized AuNPs vvere prepared by thermal reduction of HAuC 4 with

sodi um ci abar, Freeman, R G, et al., n
brief, ‘&B%ﬁ)@{g% 1\ HAuAI 4 was br ought to arolling bg%ir/s%liﬁq ?Oé%)r ous
stirring. After that 50 nL of 38.8 mMsodiumcitrate was rapidly added,

resulting in burgundy color. Boiling wés continued for 10 mn; the heating
mant|l e was then renoved, and stirring was continued for additional 15 mn.
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mutations in i.ts.sequence conpared to the se u&gc&q of the nucleic acid
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the presgiled AKE NBdrRBerC PartRfes USRA the ndéibiceigatdtaha @PEN@?&g&aﬁ&%c Nid.€i ¢
acids which are fully conpl enentary and which conprise, for exanple, one or

morl® nobxampted, eﬁmgm}c salis lindede bpsjreinat timited tos NaGhicel, @@@haB@@lzt MaCig

he mornge FIEn b EBE RN LG MeBO axarafOTs Srastly KDk M ucen
target NHetEi NHGNOdS (WL, R0 €HAOONE0OH OTONHY Y td @aﬁﬁeoﬁ@quem&e qhet he
nucl ei ¢ aci d probe and which conprise one or nore mutations in their

s equenc@nC‘FfttTalﬂgn P ke eations dn heasodutiomngaaedinciBepangsi of petweanorhout 8,04 Mde

monoval M r t r
screen E}%rag gega ive g‘f?a‘?%télgegﬁ @ﬁg%é‘?tﬁgyo#}e{eﬁ‘%m |B<r:b':\1 nlg[ntgpagrgﬁtdo?es
andsthud.to induce nore intensive aggregat [ on [ 0064] SU| tabl e salts that

can be JEH Nk S NS e SN0 RS0 Sl A, B2LL SO, Lactigase e
parti C'lﬁéreﬁé%dthg%fﬁﬁé‘ﬁml?@rf%k Q:ké‘xﬁ RNéb H&?ea@é‘%@béhsﬁﬁr‘nt? foF laefeiinf sife AL get
nucl ei ¢ aci d. Exanples, of i norganl c salts include, "but are not Nmted to
NaCl , Kasmahes. 2Eor|3@z(alng)le MyGrvas, found that a single base mismatch lowers the melting
temperature (the stability) for about 13°C. It would therefore be possible to set the

20 temperature in between the fully match and mismatch so as to enhance the sensitivity or
selectivity for single base mismatch.

[0066] As previously mentioned, determining the presence, the absence or the amount of
the target nucleic acid can be achieved by measuring the optical properties of the metallic
~ 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 Vt‘he 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



NaBr, KBr, Nal, KBr, NaNO8, KNO3, My(NOB)2, Ca(NOB)2, Na2SO4, K2SO4,

NaCl 04, NHAC , NHANG3, (NH4)2SO4, CH3COONa, CH3COONH4 to nanme only a few.
The conc f the cations in the solution can be_i [ of
bet ween 2‘8@&?}0688?9M to about 1 M or between about O.OECEAS%%&%)@W?O 5M
or between about 0.01 Mto about 0.1 M [0065] To increase the sensitivity

of the method referred to herein it isl7al so possible to increase the
tenperature, for exanple, to increase the sensitivity for detecting single
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f d
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such as a phosphat e buffered sali.ne (PBS) or
tris(hy® WBW}’I?% ?‘FF&W%%‘Q‘RI S) buffer, to name only a few. In one
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about 500 nmM can be used
f0070] In a further aspect, the present invention refers to a kit for detecting presence or

absence or for determining the amount of one or more target nucleic acid(s) in a sample. The
20 kit can comprise at least one nucleic acid probe 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 at least one nucleic

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

kitora 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

"non

30 herein. Thus, for example, the terms "comprising",

" n

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



the nethod referred to herein. [0069] In a second aspect the present

i nvention refers to a nethod of detecting presence or absence of a target
nucl ei c i.d. IS, method conprises: incubate negativel & zalllc
nanopartﬁ&bggu&?%%4a sanpl e which is suspected to conpr%giggﬂgﬁ 3@%
nucleic acid to forma first mxture; contacting the first mxture with a
nucl eic acid probe with a substantialll® neutral net charge to result in a
second m xture; wherein the nucleic acid probe is substantially

conpl enntharige b sidheteindy S8t exp€dsRing ofekcludidgbay aqmwﬂlgnw:ﬁttﬁ@feahﬂ@s dhakaet
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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
pﬁriﬁcation. Mixed-base PNA oligomers of 10-, 13-, 20-, and 22-mer (denoted as PNA,
~ PNA;j3, 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,;), and single-basemismatch sequen;:e (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 PNAo N’-ATCTTCTAGT-C' (SEQIDNO: 1)
13-mer PNA;; N’-TTCCCCTTCCCAA-C' (SEQIDNO:2)

DNAcomp 5-TTGGGAAGGGGAA-3" (SEQID NO: 3)
35 DNAy; 5-TTGGGAGGGGGAA-3" (SEQID NO : 4)



considered to be within the scope of this invention. [0073] The invention
has been descri bed broadly and generically herein. Each of the narrower
speci es ric groupings falling within the gen re al so
forn1par?ﬁgfﬁﬁﬁggggventlon This includes the generic d?ggﬁfg?ﬁ@h®§ t he

I nvention with a proviso or negative l[imtation renoving any subject matter
fromthe genus, regardl ess of whether & not the excised material is
specifically recited herein. [0074] O her enbodinments are within the
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Concentrated HJ and HNO were al | anal ytical grade and used wi thout further
purification. M xed-base PNA oligoners of 10-, 13-, 20-, and 22-ner
(denot ef®0@%] PNBolldidalMépar@ionPNA 20, and PNA 22) with no nodification at C

d Nt L nal jzed by t t S A. L I
Target RADY F U R ERbASNTA, YoRISPERYY ROREBhSrLRtAR Bt 3%%& R and
si ngl e- QAREH HRb qbraiﬁﬂue@eﬁ%rrhd; VR f1995r1 Rnal icgRm 06¥s pgrnB}\.'A and
DNA sequences, see Table 1). Table PNA and DNA Sequence’s Lengt
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SE
(SEQ respectively, calculated according to Beer’s law, using the extinction coefficient of 2.7 x 10

15 M1ecml for 13 nm AuNPs®™ and 9.4 x 10° M'1 cm’1 for 16 nm AgNPs.
[0079]  Characterization

[0080] Ninety-six-well microplates were used as reaction carrier. UV-vis absorption
characterization was performed using a TECAN infinite M200 (Tecan Trading AG,
Switzerland). The reproducibility of the UV-vis absorption spectrum measurement (at room
20 temperature) was evaluated through multiple scans of a given AuNPs (and AgNPs) solution
aliquot in different wells. The variation of the absorbance measurement at representative
wavelengths is about 1% for AuNPs 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 uL was diluted into 2 mL for the measurement.
[0081]  Assay Procedure
[0082] To test the coagulating property of PNA, aliquots of stock PNA probes (100 uM)

were added to 150 uL 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,



22-mer PNA22 N - AACCACACAACCTACTACCTCA-C (SEQ ID NO : 7) DNAconp

5' - TGAGGTAGTAGGTTGTGIGGTIT-3 ' (SEQ I D NO : 8) DNAnc

5' - CAAAAGROARRIIOIAGATCGAT-S * (SEQ ID NO : 9) DNAM 5  pcr1/SG2010/000047

- TGAGGTAGTAAGITGIGIGGIT-3 ' (SEQ I D NO : 10) [0077] Col |l oi dal Preparation
[0078] Citrate-stabilized AuNPs were prepared by thermal reduction of
HAuG 4 with sodiumcitrate (Grabar, K28, Freeman, R G, et al., 1995,

Anal . Chem, vol.67, pp.735). Citrate-stabilized AgNPs were synthesi zed by
the r edcmﬂéinimgo]fOOsmMNaOh,i irnda0.¢ mM BDTSOdprion wosadditieh kel @andpafiizie sallitidisNPS

of 13.2 nd A Ps of 16.1 + nm wer e _observed under TEM _ The
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cal cul I f 2.7
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eval uat ed throu h multiple scans of a given AuNPs (and AgNPs) sol ution
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wat er or using a ZETA PLUS zeta potential analyzer
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sanpl esgycedk M) of 450 nL was diluted into 2 nL for the measurenent. [0081]
Assay Procedure [0082] To test the coagulating property of PNA aliquots of
st ock HNB3HY oqu»rbdmﬁbthLoﬁﬂéV evinsiiettuh onchsarementfor AuNTES andrA gNitPs)

| ut ter,d0, bat . { t the .col f th
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r ecor degahd) 1 aw@\aﬁﬂpengﬁﬁhana(&ea OA%I%%\S?S&QQOME@IM%W?I@HQT&% S0 st or

AgNPs. To neasure the ability of conpl ex and DNA to protect AuNPs
(orl5  evaluated. The obtained spectra from the eight wells overlapped extremely well (Flgure 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 Table 2: Reproducibility of absorbance measurement
Material | Absorbance at specific Average + SD RSD %
wavelengths (nm)
AuNPs AS20 0.8391£0.009665 L15
A600 0.1970£0.002022 1.03
AgNPs A400 1.3441 £ 0.2450 1.82
A650 0.06436 + 0.001014 i.58

A650/A400 0.05020 + 0.0004855 0.97




AgNPs) and to detect the sequence specific hybridization, the PNA (or DNA)
probe and DNA target of equal anount (40 mVM were annealed in 20 nmM
phosphat H 7.2, containing 100 mM NaCl, and 0. }-#Ng prior to
additionevtvgléhgﬁ%%g’gticl e solutions (150 nl) (final DNA %gncegﬁﬁéﬁ%}?%n 11mM.
When necessary, NaC (final concentration 0.1- 0.4 M was added to
accelerate particle aggregation. To texlt PNA hybridization with DNA inside
AuNPs sol ution, DNA was first mxed with AuNPs (final DNA concentration 1
M fi npdoghyf f Slurfe@n GRicH | 1@Sbriaficel NI¥PRBSKeteMidier ofl ODNIAN hybriddakioR N wifdNA
(final concentration 1 mV) was added. [0083] PNA binds nore strongly to
AuNPs t iamobilized BN/ prabait er part [ 0084] Figure 2 shows the stability of

AuNPs s | ong £X t I xtures,qf the mer . PNA20. . and. SSDNA
of sarreﬁjsoggijencie&{) ﬁgﬁ%)g}%rpﬁq r2dr il%ﬁlogglczﬁ Sk %I%{%E\ﬂf%zmlq(ga#e%f(ﬁﬁgl ' and
10. PNAmitdraetiond Ther hybeidezation r(ﬁgfall'y%xﬂ;ﬂéfﬁérnarydaide@ﬁlglbt&s%ﬁsma&%tahgeti n
great excess. [0085] Reﬁ}rOdUCi bilirty of UV-vis spectrum neasurenent ftor

AUNPs  aRN AngRNA4np 7ind) DI ) wigreomoriterefl jip yregftime, éFigyre,#) Wnses ttesigd buffer
- eY oty i NP ' P
o ut 1 contotr3f BEVEPBS A, THAGIBS RePRRed brth Ruafly Wel da B Rralh™s

spect r adiserminiatien edagbbtainebles over | apped extrenely well (Figure 2 and Figure
3). The_r odi; ibility, sured as relative standard devi ati ons (RSD% of
t he absmogche—&él@M%M@ve wavel engt hs (520 nm and 600 nm for

AUNPS. (3001 U a3 RPN ind ol NSRBI AL OISt bP ERLAKLAL | O

(Table 2). Table 2 Reproducibility of "absorbance neasurenent| 0087] Surface
pl adhonbasesBNAnobg¢BAR) ofi differentochah h@Ehh(lfki dBza20-orandi 22-menroipd| based

PNA n probe [0088] A hiotinylated PNA 1,S 1 L1j.zed on SPR gol d disk
usi g SPERARTE SrdpRk Hrhet Pt BNAS AR Rindifs Shtancngicpyn terts
conpl engdonesntAREn,Sefiinee, kad @han It Beenliaéicget DNA (DNAconp and DNAmi )
were nmonitored in real-tinme (Figure 4). Under tested buffer solutions, 1 mM

PBS andl0991] mPeisA apdithof Bigye 2 arpaspiegentativedd¥Hviy adgorptiomspentsa of SwdiPsh

di ek ; ; | A c j 090
A st uay R MR SOREAICD, fer PRATBNAL S PRAGH S AbERuORLaRAHORE 130
m Xe&dbashéft RIfAuefate phaemen Gieakliffdne rs20tnm hailongee ngdvielengths, evidences the, paticle

22-nmer) and bas
)aggregaplon.efhe 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 PNA,q and
PNA,; aggregate the particles more effectively than the longer ones (PNA, and PNAy,) at
20 any given concentration. 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 example) was
measured. It was found that PNAs;-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



conposition was conducted, aimng to extract PNA-AuNPs bi ndi ng
characteristics in terns of concentration, sequence, and chain |length

dependen Parts A and B of Figure 5 are repres i - Vi S

adsor ptig‘ﬁoghﬁ)zﬂgg%"‘of AuNPs m xed with the 13-nmer and 228@@%@@%‘-"{% 3 and
PNA22) at different concentrations. The shift of surface plasnon peak from
520 nmto | onger wavel engt hs evidences22t he particle aggregation. The degree
of aggregation is found to be determ ned by PNA concentration. The plots of
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ssDNA is in great excess. When NaCl is added, further aggregation was observed regardless
the presence of ssDNA (ssDNA alone at the above tested concentrations is sufficient to
20 protect AuNPs to against salt induced aggregation; see Figure 8 and related discussion). The
abolishment of ssDNA’s protection effect when PNA 1is present gives strong evidence that
PNA binds dominantly to AuNPs relative to ssDNA. It is believed that the distinct backbone
properties of PNA (neutrality, high rigidity, and peptide composition) are attributable to its
~ higher affinity to gold. The neutrality ensures no charge repulsion between PNA and citrate
25 coated AuNPs as severely encountered by negatively charged ssDNA. The high backbone
rigidity renders the nucleobases to be exposed more effectively than those in coiled ssDNA.
The peptide composition introduces secondary interaction with gold.
[0096]  Stabilization effect of PNA-DNA complex
[0097] Apart from the fact that non-complementary DNA (denoted as DNA,) has little

30 interference to PNA-induced AuNPs aggregation, further experiments with complementary
DNAcomp show that the presence of a small amount of DNA.mp can disrupt the particle
aggregation significantly. Figure 7 shows the discriminative stability of AuNPs solutions



| ess effectively to AuNPs t han nononucl eosi des due to | arger nol ecul ar
size. [0094] PNA binds nore strongly to AuNPs than its ssDNA counterpart
[0095] ssPBoichokiigwn to be able to adsorb on AuNPs andpl@/sehifdiohdis
col | oi dal suspensions in high salt concentration. However, 1n the presence
of PNA, it was found that ssDNA's stabilization effect is abolished. Figure
6 shows the stability of AuNPs sol uti @3s exposed to mixtures of PNA22 (200
nM and ssDNA of the same sequence (no hybridization occurs) at a

SSDNA/ AiNAdd wethi BNAb, (2006nMhNshdl ONAG) Gihealdd Sith\etst filly’ Esitiplembhthsy ia?)ﬁ&/
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pr ot ect Aﬁ Ps to agai nst salt. i nquced aggregation; see Figure 8 and rel ated
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exposed nore effectively than those In coiled ssDNA. The peptide
cortfosidetestabla aggrggetion s dhe dbssnce micothet isperies, tFigeps! 6B).[ Cis6l a primary
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parti cldestgr egation significantly. Figure 7 shows the discriminative

i o 0 R Rt RS L PR NP RBP4 °]

Thd 5PNAe icothpareditpprotéctior of gouNRpatelative its ssidNAcaretldgDHAYRNAY; whd PN and

i ncreasg .of DNAC concentrati until being abolished at PNA rati o of

0"5: T 3Be8 porRisRende Fymblemen i, DA Sheasnl Bupii Sy e agueledoi R Py A RRA

pr esencBmiledeN TR Bndubaidie s&1qﬁsllise“re€edgﬁhlt Rikedl withCRuRPE FIROSabyREIRE Of
a

t he PNA-DNA conpl ex. The observation
colloidal solutions before and after addition of salt was recorded (Figure 8). Before addition

of NaCl (0 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
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 either PNA-DNA complex or
ssDNA remain in red color, even at the highest NaCl concentfatio;l 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 difference 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



particle aggregation is abolished when half of the PNA (at DNA/PNA rati o of
0.5) being consuned is evidence that the as-fornmed PNA-DNA conpl ex prevents
t he remaiyj 100 nMin this case) from aggregatin es

( PNA22 atwg?%gl dl%g sufficient to induce detectable agg?gggﬁzgﬁ%lﬁ%ﬁ%
absence of other species, Figure 5B). This is a primary indication that
PNA- DNA conpl ex has certai n affinity t24 AuNPs. The bi nding of the PNADNA
conpl ex provides sufficient protection to AuNPs to overcome PNA' s
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ef fectivel rotect AuNPs agai nst salt induced aggregation, better than
dsDNA of PNA-DNA complex that 1ntroduces more steric protection than ssDNA. This interpretation

is indirectly supported by the fact that the stability difference between PNA-DNA complex-
20  and ssDNA-protected AuNPs is larger for the 20-mer samples than the 13-mer samples (more
obvious UV-vis spectra difference in Figure 8 “20 mer sample” than in “13 mer sample”). It
would be expected that the steric effect of the larger PNA-DNA duplexes is more obvious

than the smaller ones.
- [00101] The hypothesis that steric effect, rather than charge effect, is attributable for the
25  Dbetter stability of PNA-DNA complex-protected AuNPs than ssSDNA protected ones has been
further supported by {-potential measurement (using the 13-mer sattlple 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.



and even ssDNA, is an interesting phenonenon. This phenonenon was
rationalized fromboth the electrostatic and steric stands. First of all, a

PNA- DNA I ries only half of the negative charge | its
dsDNA coﬁ{’r‘:?éﬁi&é@?#“Under the lowionic strength conditi %ﬁi’%ﬁ%&gg ?%Oa?hi S

experinment (<3 mMM NaC ), the effective charge of PNA-DNA conpl ex woul d be
noti ceably lower than that of dsDNA. T2fis woul d enabl e the PNA- DNA conpl ex
to adsorb nore effectively than dsDNA onto citrate ion-coated AuNPs, due to
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and (3) PNA-DNA complex, ssDNA, and ds-DNA do not affect AgNPs’ intrinsic stability,

20  but when NaCl is added, dsDNA-containing AgNPs aggregates immediately at the lowest
NaCl concentration tested, ssDNA-containing AgNPs aggregates slowly with the increase of
salt concentration, and the PNA-DNA complex-containing AgNPs remains stable up to the
highest salt concentration tested.

~ [00106] With these observations, we confirm that nucleic acids’ binding characteristics and

25  their stabilization effects are identical for AuNPs and AgNPs. The well-known characteristic
that ssDNA, but not dsDNA, can protect AuNPs against salt induéed aggregation is, for the
first time, proven true for AgNPs. With this experiment it was also found that AgNPs are
more sensitive in response to small difference in stabilization effect. The preQious finding
that PNA-DNA complex can better protect nanoparticles against salt-induced aggregation

30 than ssDNA is further confirmed with Ag- NPs, via both the color change and UV-vis
spectrum shift, whereas with AuNPs, only a slight spectrum shift is accountable for this
characteristic (Figure 8).



DNA counterpart, (3) PNA-DNA conpl ex, although having a stable double helix
structure simlar to dsDNA, can effectively protect NPs fromsalt induced
aggregati {54) the ability of different nucleic a ct
AuNPs aga‘?[r}sz?ﬁ)gg?t?l nduced aggregation is in the order %Ri%%%o@gﬁ% ex >
SSDNA > dsDNA. [00103] Nucleic acids' binding characteristics to AgNPs
[00104] AgNPs have a higher extincti ooefficient relative to AuNPs of the
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AgNPs, the AA600/A400 increases to 23.9%, 108.7%, 291.6%, and 316.5% at the same NaCl

concentration range. At a fixed salt condition, a larger degree of differentiation is observed

for AgNPs, which proves again that AgNPs is more sensitive in response to small difference

20 in stabilization effect and is a more sensitive colorimetric platform for single-mismatch
detection.

[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 indiéation that PNA is able to
strip DNA from the 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 (DNA omp, DNAp), and DNA,)
30 are all in red, showing a good dispersion state. When PNA 3 is added, gradual color changes
are developed in the single-base-mismatch (DNA,;) and non-complementary (DNA,) wells,
but not in the complementary DNA omp well. This confirms the assumption that PNA can



characteristic (Figure 8).[00107] Detection of pre-anneal ed PNA- DNA conpl ex
w th single-base-m smatch sensitivity using AuNPs and AgNPs [ 00108]
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t endency of dehybridization) woul d cae some PNA to remain free in
solution. It was thus anticipate that the unhybridized PNA woul d aggregate
t he pardisglhesadsdfiedMHAl sdoivdigepipaticles pgatgation Stithent 6 is fregfifotn hPbridigationt he

experinental validation using the 13-nmer sanple. In the absence of Nad,
t he UV-Un éhecease ©f QINAwher Rdaridiggs in; oloyver sHiAnsy ghepease avithe BNAm i Wherearam

carry I ' ' r e of [ e | 118 1andh
et eactiEF e Sl 567 BbEpfhRRRky fisflachRt 5 DEIUERTPARRICL: S any;
for AgNHcctive PNAADNAchybnuisation t Thé wésultingoRNADRIA @ompladés diepp tHd ANPs
spectra shifts are signjficant conpajed. t he variation of 0

measur £ T S%N%gif@%%asdﬁﬂem%{)wtm&a%@é@Lﬂ“én'é%faf%rDﬁgi\&N’(‘@mm%
(Fi gur , ahle; : idlS. rQ cy,
{he i oo N e L s ol e fnl e R R 21
DAG00 M3l ne obvions geles changgs &%y deyveloped inl & y36f the weell2 1podcPNA Hiadiition, which

concentratiaons .qf .0. 2,. 0.3, ,a 4. M . ectively: NPs. t he
one00, Arets e Mg ed soistlace B0 hubridigh b ShE SsoEalipVA o BANES R
concentduafat®Br thRMsplactinedt fsi ikSignifidhit. TRIBWidckPancyrrdlAvaab tHEINAE; Bduld be
differentiation is observed for AgNPs, which proves again that AgNPs is
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affinity to AuNPs than ssDNA, an alternative approach was devel oped to
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( DNAConmNARNAWell #itfl thBARFIsure to NaCl must be originated from the formation of PNA-
DNA complex which has a strong ability to protect AuNPs, as demonstrated using the pre-
annealed PNA-DNA complex earlier. The successful discrimination of single-base mismatch
20 using PNA- and PNA-DNA complex controlled AuNPs/AgNPs aggregation/dispersion
demonstrates the advantageous of the colorimetric assay relative to the solid-liquid phase
hybridization assay, e.g., using surface plasmon resonance spectroscopy (SPR). With the SPR
measurement of DNA hybridization to immobilized PNA probes, no discrimination is
detectable between DNA omp and DNA,, for the 13-mer sample (Figure 12) and for the 22-

25 mer sample, unless stringent hybridization conditions are used.

[00111] Further Examples Ito V

[00112] In the following one-component assays and two-component assays are described
for detécting nucleic acids. Depending on whether the AuNPs and AgNPs are uséd separately
(Examples I to IV) or used in mixture (Example V), one-component assays and two-

30 component assays have been used. Color change relies on either the change of nanoparticles’
intrinsic stability (Examples I, IV, V) or the change of their stability against salt (Examples
11, III- V).



are all in red, showing a good di spersion state. Wien PNAI 3 is added,
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strands) on the particle surface, even though citrate anions are shadowed in the process.

[00116] When an irrelevant DNA was mixed with PNA probe (no formation of PNA-DNA

20 complex due to non-match in sequence), certain extent of aggregation in the solution takes
place, and color changes to purple (D), showing that the un-hybridized PNA probe binds
dominantly to the particles, resulting in aggregation due to obscurity of the negative charges.
[00117] From the corresponding UV-vis spectra, it can be seen that there is a red shift of

~ surface plasmon (SP) peak (Amax) from 520 nm for the well dispersed solution A and C to a

25  longer wavelength of 600 nm for aggregated B and D. The spectra shift leads to an increase
of absorbance at 600 nm and a decrease at 520 nm. The A600/A5¢20 absorbance ratio value
can be used as a quantitative measure of the aggregation extent. For solution C containing
specific DNA hybridized to the PNA, the A600/A520 ratio is 0.26, whereas for solution 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



[001 12] In the foll owm ng one-conponent assays and two-conponent assays are
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change relies on either the change of nanoparticles' intrinsic stability
(Exanples I, 1V, V) or the change of t3%ir stability against salt (Exanples
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addéd, solutions aRaingalit by absesying teaicdonphangeaud the shyfirad JAY ivan curgek (Hguree.
Col or ﬁ; the solution remained red (C). This is because cappi ng of AuNPs
wth P conpl ex retains sufficient negative charges (fromthe phosphate
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nm. Thus, test of AuNPs’ stability against salt further affirms that presence of a specific

target DNA which forms PNA-DNA hybrid can protect AuNPs from salt induced

20 aggregation. To quantify the aggregation extent, the A600/A520 ratio was calculated for
solution C (containing specific DNA hybridized with the PNA) and solution D (containing a
non-specific DNA). The value was 0.32 and 1.069 respectively. The increase of A600/A520
ratio between the two systems is 243%, being slightly higher than that (192%) using intrinsic

~ 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 hybridization 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



| onger wavel ength of 600 nm for aggregated B and D. The spectra shift |eads

to an increase of absorbance at 600 nm and a decrease at 520 nm The
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alt_[O dlscus ed above, electrostatic repul sion between anions,

suc as%ﬁ%]aAie%?ﬁPB‘hQ Sglg gaéﬁﬂuamat[cg ig N Ads ippav for diagaosis gfhgenenc

aggr ega Rdd t r I

sodi m cgri\ilsg{&fadgﬂ@%g{e%?n ?A he naﬁgggr}%@%éngweéﬁgﬂtdgﬁa%%r g‘ggtgéeh P%a%?s # u:£>§s ded

i nt o eathowghl useiob AuNPOsstEbittr agaliBt fal, asad;homnnem schiemenn Figude 16.M) t o test

stabili t e | ytions nst S3 observing th ol or. change
and t he OX)H%]t Em?\% u@ﬁ??e@g@pygcﬁw ﬁnta‘%osﬁi‘ﬁ]ce I‘Eﬂa Hkﬁi’egﬁ?ﬂp?“\ﬁ hout
addi t i ogeqabndeUfal€ ufidisngisshabik effectlonANILY’ inRHSRAtd0NRy PBIsthifdi®Rioh Qelies on
preC| pi tate fromthe solution and the sol ution becane colorless (no W-vis

absk} pt # dwgh stringenteconditinan gtho for pegamps, aanelddnwabm N#Gdt (FigureD)7). Aduenyi on

f NaCl | d h
ahi ft _of s Reteltibt Ben R ERPLORMFURAEY PUIA ), g Singferbise At PR '
pr esenceC)dl ob¥efvddbdtin Yo the (color diff@erdndthe V- eigBpectiaashift i Sppr&escestder

0.1 mNad_ as shown by the red color and the SP peak at 520 run. Thus, test
of AuNPE! Mmlilty against salt further affirns that presence of a

speci fi ol 8§19t 19%11%&&1& 9{19? 'ﬁﬂﬁg%&é&y&f i GRhaRHRh %Eﬁ%ﬂ%ﬂ%;&g%sal t

i nduced aggregat I on. quant aggr egat i on ext ent
ratiSo warcladatioh a:ﬁéadeﬁctyns sredlu!:bd,ohaﬁng comedMA nmhybedizéd. CTHONRed PNAI th thed

B T

and the ssDNA, and to deplete the stability of the nanoparticls, causing certain degree of

aggregation. To quantify the particle aggregation in the presence of SBM target, the
A600/A520 was calculated for both the complementary (0.44) and mismatch DNA (0.29).
20  The value increases by 51.6%.
[00127] The same characteristic was obtained for a longer sequence of 22 mer. Detection of
single-base-mismatch in a longer sequence (22 mer in this case) is more difficult than in a
shorter sequence (13 mer sequence). To quantify particle aggregation in the presence of
~ SBM for the 22mer target, the A600/A520 was calculated for both the complementary (0.43)
25  and mismatch DNA (0.36). The value increases by 17.6%, bemg smaller than that (51.6%)
for the mismatch detection in the 13 mer sequence. Successful 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 detecf 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




rati o between the two systens is 243% being slightly higher than that
(192% wusing intrinsic stability of nanoparticles alone. [00122] Use of PNA

as probe {ghofiRle94ssmetric detection of DNA is nore sensipbink@nbRabedhat used
in prior-art, Ich uses differential electrostatic interaction o?

si ngl e-stranded DNA (ssDNA) and doubl e strand (dsDNA) with AuNP as
colorinetric sensing principle. Figurgjl5 shows the results obtained using
the prior-art method, i.e. photograph and UV-vis spectra of ssDNA and dsDNA

treate utions after ition of 0.1 M Nad . f ul .

ot GOBHR SRl nRRhaBI (AR bk Sl Pech MR 4 cobERR ey Ciate (|
strand anid dbdtyd ANpNPEOsOtash Deg@lli dispeeded] gRowing 0b BRlfovafdotsit GhelBPI peak iof
dsDNA to coat on AuNP, thus causing a |ower stability against salt.

AG00/ AspenndAQ0nmy Addition pf ad2rpenk WA xuses the HsalVRs toragaresats, skawing salor
DNA 54 i i of o
or ot y B3 Viae srsClruhalt E e s 2 thbin i hig BEERRE RS ac e 0,

PNA5as Sir pdak. wqdvelehgt (488 any)laad kiid red Bkifiesfithe spegfra §i.¢) idczedsad absorisamee atthesi ng
AuNPs' stability against _salt [00124] Detectiopn of sjngle-base-nj hin
DNA i's lpﬁ%rwﬁ%n By e s5Pea 6%@4\@%&@1&%_ SaNPTskidtn: AR NAARG of
the presglicah BEEaREH 98 prSAdEGEMtIRaHGE Of tY afdtbSation’ SRS dnll RS thSfar

AuNP' s stability agal th salt, as sﬁgwn In %%e scheme in Figure 16. %0125]
PNA- DNADNApineouss. Io fcoftmast,\the BNAl-Bignh vhrid pretegted cegNih tensdim gyl yellvaseclon witlat ch

h di st i nquj shabl fect on. AUNPs'. intrinsic stability,
D Sor i i Frirseanoias ShaBash RO gl i bRvine T feoRirtisles o SRR, ANVE 4
adqot i Qfigpersefl uhlaé;ithéB ?fo@é&i@nla?hegaﬁv&l@rc}ﬁa@@tlm%fz?ﬁé?féﬁﬁ between full'y

conpl enent ary DNA and si ngl e-base-m smatch C) is observed both
from t HEOEW] orSinglphepemisnaiell datectioy- ysing spEbPrs stability pgainte st aseplse of

Ollquig . 119, beli e. t e, b .

ni smat chet n%)tgagé@ﬂ:‘ré:’}?Dl\]l?)ﬁ ﬁ%‘gg?%pgé{f a%gnme 4irogi aenﬁlzicygr‘§ el(?:g% rglegﬁlgteg? l?negg\r/i ng
some PNavidlvhythis iviﬂreehhen%ﬁefof meea.rBéiiCDNAhddﬂ&iilgﬁg utsir(glb-bﬂr?ajgﬁﬁsghfcﬁ. ijn )
conpetition_tq AuNPs _wi th negative 1ar ged PNA- DNA rids and the SsSDNA,
and t o [B@pi1dt Vhere AUNSi andr4ERPs pRcesh h%a%rfwrmastW%%ﬁl@iy-ﬂ&ng%ﬁS&Ms Yk ee of

oA 0 T URIERG kb o KURPRIRESIET A WiSEoP USRI Syl PO
m snat gartiola. (A 29pectelh ehes abpentrunm of cthe asixbyre 55 . sd¥ply a summation of the two
individual spectra 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.



[00127] The sane characteristic was obtained for a | onger sequence of 22
mer. Detection of single-base-msnmatch in a | onger sequence (22 nmer in this
case) is r iokfd,cult than in a shorter sequence (13 . To
quantify Vggrztﬁ}ogq%;%%r egation in the presence of SBM for@%{iﬁ?@%ﬁg@%ar get,
t he A600/ A520 was cal cul ated for both the conplenentary (0.43) and m smatch
DNA (0.36). The value increases by 17.3% being smaller than that (51.6%
for the m smatch detection in the 13 ner sequence. Successful detection of
si ngl.e-basem smatch in the 22 ner seqisiage at roomtenperature is of
significance. Other solid-liquid phase biosensor nethods (SPR and

el ectrochem cal nethods) can not detect single-basem smatch in this

sequence at it 1 o . |G zat i on
B O G S R A S S
of speci fi colaiseequence and singl e-base-m smatch usi ng AeNPs[ 00129] Sil ver

nanoparticles (AgNPs) have al sa been us for.a colorinetric assay. Citrate
ani oh coat éd AJRPE" S RPulP IR §°1%qugﬁi‘§§€r§esdl,bs Wﬁné‘eﬁt@epﬁoﬁf‘@# o4 t he

SP peak is ar osgnehcfiflf tHelikleid\ddl it with & s£RpIERVhiENA fo@mpeiPehet ©
aggregate, show ng color and UV-vis sEect rum changes igure 18). The
remar kabl e decterggt au¢lpictaeid dbheesnlidn celisst minwrgPvherain thaveickeigaeid (ptolge ism)

and the red shsiui)g of 11t h%mij?gctnrta (t(I) ee'tari ngre?esed .absorbance at the | onger
wavel engt h, e.q. t%%tba A el¢ y?or?'ca Si &ﬁaﬁ? 8% 46t AgNPs' aggregati on.

A550/ A400 rat i @netind thelireOmixQuieivaivh flezativelRichiiigedinctdlliohahdpartadey 6 gesulton
extent and hence the target DNA anount. In contrast, the PNA-DNA hybrid
prot&ct ed AgNANaskeand Mixtyrel | ow col or with a correspondi ng sharp SP peak at
400 nm shQw Lhadi ' St . di S . er. the
protection of n%égat |1\I}ép‘§legﬁg:ﬂ&geg%%ﬁl§{lm a?girr% %)%% rigg%i%gie RELRE MRS

Si ngl e- base- mmatat ch detection using AgNP' s stability against salt is also
denonstrated (Figure 19). An obvious decrease in A400 and spectrumshift to
| onger wavel engt hs were observed for the target DNA containing a

si ngl e- pasex HefiFRldt etk Bkl FrbbendB @p abNehES o AR thrAGNTR1R! SoidlSRchrein (e HetHod: @

t wo- col or-change assay i s used. Figure 20 shows the original color of

AuNPs, AgNesmpases: a m xture of the two types of particles. As expected, the
spectrumof the mixture is sinpl summat i on of .the t. i ndi vi dual , spectra
for the si Fvernginting)tseadiedy ersast BelRE arbeparige et sariels Whichrl 520
nm These two fagRdctedwb cbmphise b eirp@tutiRic 4vid & foeth adbeahitare; of DNA to

el imnate potenti al ) i ) ) ) )
=  contacting 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
20 substantially complementary to the target nucleic acid;
=  determining whether the target nucleic acid is comprised in the second mixture or

not.

3. The method of claim 1 or 2, wherein the nucleic acid probe with a substantially neutral

25 net charge is a peptide nucleic acid.

4. The method of claim 1 or 2, wherein the nucleic acid probe comprises between about 8

to 50 bases.

30 5. The method of claim 4, wherein the nucleic acid probe comprises between about 10 to

30 bases.



experinmental errors. [00132] The discrimnation between fully conpl enentary
DNA and SBM DNA is detected by the two-col or-change nethod at 0.2 M Nad

(0.1 M Nagb 29a5095804ynd | ess suitable to differentiate, Fipgy/se2diboodidtt
panel ). An A400 decrease (representative of aggregation of AgNPs) and a

hi gher absorbance at | onger wavel engths (representative of aggregation of
AgNPs and AuNPs) were observed at the ¥ame tine. These changes provide a
paral |l el detection for the single-base-msnmatch.Cainms 1. A nethod of

det ecti 6g [Thesedheal of anyuserndehopreceding deims) uwhlessin theaiegati wie clgirged inetaltizt hod
conprises: providing a nucleic acid probe wth a substantially neutral net
charge and N@BeRagEdlssAge mekaliiciparticles with nngatiee surfase shalgepl e which is
suspected to conprise the target nucleic acid to result in a first m xture;
wherein the nucleic acid probe is substantially conplenentary to the target
nucl ei c7.acilde neashddaef anygprehd the preteding tlainas, wiitehein dgametalicyparticdegad nobleal | i ¢
nangparticles .to result in a second m xture; determ ni ng whether the target
nucl®ei ¢ aciFAINAPRANGIERd i n the second mi xture or not. 2. A nmethod of
detecting presence or absence of a target nucleic acid, wherein the nethod
conprises: incubating negatively charged netallic nanoparticles with a
sanpl e &hi dheimetbedkpledaiad’ i whareinghé seble metalarageparticie lacs made pHia noble anetala

first m xture; tacting the first mxture with.a.pucleic acid probe with
2 subst ant Fpste® TE b Brbate Sonsisle of' St et g “ubG o e Heremtnliehiee:
t he nucl ei gnatéiials. probe is substantially conplenentary to the target nucleic

acid; determ ning whether the target nucleic acid is conprised in the
seck¥hd mi xture or not. 3. The method of claim1 or 2, wherein the nucleic

acid pr@bew i : g i J j . § C
201 3 P90 ik A H IR Al BRI \HIRSOR femRSRH AR DUEL:
conpri ses hetexeesizeabatitead one dimension in a range of between about 10 nm to about 900

nm.

15 10. The method of claim 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.

11. The method of any one of the preceding claims, wherein the metallic nanoparticles have
a shape which is selected from the group consisting of a nanosphere, a nanocube, a

20 nanorod, a nanotube, a nanostar, a nanocrescent, a nanoplate and mixtures thereof.

12. The method of any one of the preceding claims, wherein the negative charge of the
metallic nanoparticles is conferred by a carboxylic acid or sulfonic acid or carbolic acid
A or a mixture thereof immobilized at the surface of each of the metallic nanoparticles.
25 .
13. The method of claim 12, wherein the carboxylic acid is “selected from the group
consisting of citric acid, lactic acid, acetic acid, formic acid, oxalic acid, uric acid,

pyrenedodecanoic acid, mercaptosuccinic acid, and aspartic acid.

30 14. The method of any one of the preceding claims, wherein the target nucleic acid is

comprised in an aqueous solution.



to 50 bases. 5. The nethod of claim4, wherein the nucleic acid probe
conpri ses between about 10 to 30 bases.6. The nethod of any one of the

pr ecedi ngwel@igidaswher ei n the negatively charged netal | peTR@APPASIsE! €S are
metallic particles with a negative surface charge. 7. The nethod of any one
of the preceding clainms, wherein the netallic particles are noble netal
nanoparticles. 8. The nethod of claim3 wherein the noble netal
nanoparticle are made of a noble netal selected fromthe group consisting
of silves., Thel @ethnd ol Ay enebf tthe padcedifpeuldii &theraii @hié drget Aucldibacidishod
of any one of the preceding clains, wherein the netallic nanoparticles each
have a si zé&clepted fropptheeromconsisins oidANA RNA gnderiwtivesthgieeh about 10 nmto
about 900 nm 10. The method of claim9, wherein the nmetallic nanoparticles
each have a size in at |east one dinmension in a range of between about 10
nm t o 506.nThe hiethddef ampt drecbfahe pregeding claimd, Iwhepein tledianget aticeicmcidik eitkern t he

metallic n articles have _a shape which is selected fromthe grqup .
condl sti ng T8I SOMBIRBERIREY 19 e gk ABe ,pr&en%rnmsea ah Lt Oselas Wiiotoist ar
a nanocr esggpfomplefietan) #itk tRhiclbicddd pobEhereof . 12. The nethod of any one

of the preceding clains, wherein the negative charge of the netallic
nanoparticles is conferred by a carboxylic acid or sulfonic acid or

carboli¢c,acid or, a. mxture thereof i.nmobilized at the surface of ea of
Che et G+ 10 L Pt el SLIGE BifeedifE BRn Syecfihy e Sos%hig B Bettnef af the

car boxyl i ¢ t@gétdmicteis QkRICIsedbtérhfiied be naSbiih g BiXS bistidal Préffertidst 6fl eafibtdilic

| actic acid, acetic acid, formc acid, oxallc acid, uric acid,

py réhedode darrpagticles of therize abthe setadlipnanopaitigle aggregatesatespestiselyd. - 14. The
nmet hod of any one of the preceding clains, wherein the target nucleic acid
is conprised in an aqueous solution.15. The nmethod of any one of the
precedi 1§y dTheimhodrdfaingione ol thetpre@dingrilding] whereintthe amsehtasfitieitat gev Mudlbie

group consi sting, of DNA, RNA or derivatives thereof. 16. The nethod of any
one of the2ff&aRAFdgteEnmefby cRmelating theppticalnjepertiekpidhe metallic panoppttislss

fully combbpiRNAL If he hdiBleRanGahidl hEbrBEREL rlpe R, i She SmpIEaRth o
base which 1s not conplenentary wth the fhuclel ¢ aci d probe.
15 optical properties or size of the metallic nanoparticle aggregates of another sample.

19. The method of claim 17 or 18, wherein the optical properties are determined with the

naked eye or with a spectrophotometer.

20  20. The method of claim 17 or 18, wherein the size is determined with transmission electron

microscopy (TEM) or light scattering techniques.

21. The method of any one of the preceding claims, further comprising the addition of
cations to the first mixture and/or second mixture.

25

22. The method of claim 21, wherein the concentration of the monovalent or divalent
cations is between about 0.01 to about 0.5 M.
23. A kit for detecting presence or absence of a target nucleic acid in a sample; wherein the
30 kit comprises:

. at least one nucleic acid probe with a substantially neutral net charge; and

. at least one type of negatively charged metallic nanoparticles.



17. The method of any one of the preceding clainms, wherein the absence or
presence of the target nucleic acid is determ ned by neasuring the opti cal
properti ago0bhigidgszget al 1 i c nanoparticles or the size of pEheBBloabdise
nanoparticl e aggregates, respectively. 18. The nethod of any one of the
precedi ng cl ai ns, wherein the anobunt of the target nucleic acid can be
det er m ned by correlatlng the optical Iroperties of the netallic
nanoparticles or the size of the netallic nanoparticle aggregates,
respectively, in one sanple with the optical properties or size of the
metallic nanopartlcle a gre ates. of another sanple, 19. The nethod of claim

17 or 18% [Mfreoéphlepsiong megatkyshyrqhaé@dawalaémmﬁl%w methed ofanyenef eye
or with a K od of claim17 or 18, wherein the
size is de?E@%$%ggaaﬁ?ﬁﬁi@%ﬁgﬁgggggﬁjgﬁggtron m croscopy (TEM or I|ight
scatterlng techniques. 21. The method of any one of the preceding clainms,

furt t he addition, of cat ons,to the first m ture and/. or
secohd P {{EFé’ anl%ast?ﬂsn EigGgidaTobe Wi aﬂbstmﬂl neuraknel shurg it AmeBdof

t he rmnovalo?aﬁ eﬁe&aﬁhﬁntmqwmkit%c&ﬁawg@@cﬁhﬂ% 0.01 to about 0.5 M
23. A kit for detecting presence or absen target nucleic acid in a
sanpl e; wherein the kit conprises: at |east one nucleic acid probe with a
substantially neutral net charge; and ¢ at |east one type of negatively
charged netal lic nanoparticles.24. Use of at |east one type of negatively
charged netallic particle in a method of any one of clains 1 to 22 or in a
kit according to claim23. 25. Use of at | east one nucleic acid probe with
a substantially neutral net charge in a nethod of any one of clains 1 to 22
or in a kit according to claim23.



