WD 2010/ 104479PCT/ S&2010/ 000086 ELECTRI CAL SENSOR FOR ULTRASENSI TI VE
NUCLEI C ACI D DETECTI ON CROSS- REFERENCE TO RELATED APPLI CATI ONS

[ 0001] Thi sv@puabaeats on cl ains the benefit of priority ecTSomeaponss
pat ent application No. 5 200901668-4, filed March 11, 2009, the
contents of it being hereby incorporated by reference in its entirety
for all purposes. FIELD OF THE | NVENTI ON [ 0002] The present invention

refers t | ' jer : ' :
present RRRTRISAR SvEORFOR IR ShbNsr i RobricrAcp i pw
el ectrochem cal devices and nmet hods. BACKGROUND OF THE | NVENTI ON

[ 0003] Wt-h the-advent of nucleic acid e.& DNA and RNA
mcroarrays, the !G@W&EWWF@% IB&PA’&IErﬁHﬁWS( in gene
express r.ofi:l L. 3GK; . .| ot
et cct | OB OHts ARG Rl e e O e Y oL HiLep picatop No.
pol yhrer 366903 68-4 filedMarankl, 2OCRthe dvatentsed irhsingHereby dncorpwiratedhby saference
owng to its. .nmssiv arallelismand high throughput. In spite of
exhi bi 'tl? 1&3 gg%(g)&agﬂ%gmﬁ?som ses to the devel opnent of nol ecul ar

bi ol ogy and nedi ci ne, the fluorescence-based mcroarray technique

suffers fromsone 20 inheren hor i N ln.optical detections,

i ncluding the need for gxpeﬁtﬁﬁg%ﬁﬁ%ﬁﬂﬁ}wgﬁg al scanners,

pot ent i gdooR TRUEhE BressRlih@intibh Q8eRNS Re RGN0 endibtkio TR S8 @Rtatly R
and anbi guous readout due to_spectral cross-talk between tagging

f 1 udf es pesAwd inygaton Eiwe te i deteshon ofuauclgr agidasing@lestrechemienl devices and
m cr oar o gulld offer a viable alternative for the rapid"

quantification of nucleic acid, which is especially desirable for
clinical and defense 25applications. [0004]In the past few'years,

resear chers have.propos e -free sensing

t echnol ogi es t hat featuﬁ@“@“&@@@hBhgﬁﬁt@ﬁFiﬂgF! tion. The direct
el ect ri @03} r anstuhé edvenbadmudeieadill, agVPNAaHE RNW thiciaasags; thd lastaicbrle
appr oaches. e of the st promising is _the feasibility, for on-chi

i nt &gr af’“‘l“BFFS% 2 pEAdiem THIC R FPERFIG POGUnG #pelsgug Efss@!ﬁﬁorpﬁsﬁ
Ci rcui t {YNP)UfetdBo® INMINGGHrEhy GBEHR0100,NBP kRaNple BEEMudciEh Wathtgd8ymerase chain
literature, field- effect devices have been investigated nore w dely,
usi ng vageréms (RERY.dhas hegorna ths: staterof-therarhawing to its massive parallelism and h.lgi

throughput. In spite of exhibiting considerable promises to the development of molecular

biclogy and medicine, the fluorescence-based microarray technique suffers from some
20  inherent shortcomings in optical detections, including the need for ‘expensive and bulky
optical scanners, potential image corruption from. photo-bleaching of fluorescence dyes and
ambiguous readout due to spectral cross-talk between tagging fluorescence dyes. Electronic
analogues of the nucleic acid microarray could offer a viable altemative for the rapid
quantification of nucleic acid, which is especiaily desirable for clinical and defense
25  applications. -
[0004] In the past few years, researchers have proposed several labeled and label-free
sensing technologies that feature direct electronic transduction. The direct electrical
transduction has several advantages with respect to other approaches. One of the most
promising is the feasibility for on-chip integration of sensor units with an allied signal
30 processing circuitry, using standard CMOS technology. Referring to the literature, field-
effect devices have been investigated more widely, usihg various micro- and nano-fabrication

techniques, than resistive or capacitive devices. In the former class of devices electronic



t echni ques, than resi stive or capacitive devices. In the fornmer class
of devices electronic WD 2010/ 104479PCT/ S&010/ 000086 2 properties

are nodul st@sbibyosgfranges in surface potenti al upon thepcm;sr;@ﬂummg;n
of charged nol ecules (e.g. nucleic acids) via bioaffinitive

interaction on gate dielectric. Fieldseffect sensing avoids the
conduction of current through t he DNAS whi ch nmay produce unwant ed
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be one Step closer to routine fabrications.
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limitations such as device-to-device uniformity, reflecting the variations in the device
fabrication processes, low yield, and low scalability. On the other hand, the widely used top-
down approaches for fabricating narrow nanbgaps, such as mechanical break junction,
electron beam lithography, electromigration, dip-pen lithography, transmission electron

30 microscope-assisted nanosputtering, and electroplating have to resolve issues such as high

cost and low yield, in order to be one step closer to routine fabrications.



SUMVARY OF THE | NVENTI ON 5[ 0008]1In a first aspect, the present
invention is directed to a sensor for detecting a nucleic acid
nol ecul e. wibhb@os®ABOr conprises or consists of: an el e¢trrsedronoooss
arrangenent conprising a first electrode, a second el ectrode and an
overl apping region, wherein, wthin the overlapping region: - a
part of the second el ectrode overl aps a part of the first el ectrode

such th to 1 ace the SE cond.. ct rod | S '
than a fd 009 dggﬁ efle? of° {eﬁ fl I°sP c?vegtd%g AQRH °"erﬂg"‘f%§y"é‘#’
is pr ovnféﬂdebemWh@me firableits etereinea:zttmdaomdafu’fabaesmmveﬂnegdsr ode and

I's contacting the first electrode and second el ectrode; a first
nucl ei ¢ acid probe imobilized at the surface of the first el ectrode;

and 15 - a second nucl ei ¢ SYNMIARPOFF THIRORNVER$fORt t he surface of
the second el ectrode. [0009] I n another aspect, the present invention

i s dbret@088] t olma fitst hepieet, heipeesettieventionis inected tpea kensordfongrtectiag agmcleic
consi st §°lﬁﬁnolecﬁles?%%§?fﬁ?6%‘?§ﬁ?§ ec%né]ﬁ& St a solution conprising a

nmet al precursor SR Suitable for chenicall y reduci ng
t he netal gor elecireder arrfriifed@ht nomprﬁsmg tae firsh sgdenttode;t heseporals electrodey end iaan
Is directed to a process.of ﬁ’?% act ring a.sensor of the present

i nventi 8K Faﬂzﬁngr &0 ) 06? APBNETSF of - providing an |
el ectrode arr armqwmma&cdﬁcs eleéthid oberlfs A; part of the fifstBR&tdde Zlidt0that a top

first nucleic acid prohbe at the surface of a first electrode and a
secéfd . . surface level of the second electrode is higher than a top surface Ievel of the first
electrode;
- an insulating layer is provided between the first electrode énd the second electrode
and is contacting the first electrode and second electrode;
- afirst nucleic acid probe immobilized at the surface of the first electrode; and
15 - asecond nucleic acid probe immobilized at the surface of the second electrode.
[0009] In another aspect, the present invention is directed to a nucleic acid detection kit.
The kit comprises or consists of:
- asensor as described herein; l
- asolution comprising a metal precu;'sor; and
20 - asolution suitable for chemically reducing the metal precursor. ‘
[0010] In a further aspect, the present invention is directed to a process of manufacturing a
sensor of the preseht invention. This procéss comprises or consists of:
- providing an electrode arrangement as described herein;
- immobilizing a first nucleic acid probe at the éurface of a first electrode and a second
25 electrode; -
- stripping of the first nucleic acid probe from the surface of the first electrode or the
second electrode by potential cycling of either the first electrode or the second electrode;
- and _ '
- immobilizing a second nucleic acid probe at the surface of the electrode from which the
30 first nucleic acid probe has not been stripped of.
{0011] In still a further aspect, the present invention is directed to a method of detecting a

target nucleic acid. This method comprises or consists of:



25el ectrode; stripping of the first nucleic acid probe fromthe
surface of the first electrode or the second el ectrode by potenti al
cycling ofwe@bdibgsssthe first el ectrode or the second el e¢trrsedenn/ neviss
i mobi lizing a second nucleic acid probe at the surface of the

el ectrode fromwhich the 30first nucl e‘ii c acid probe has not been

stripped of [0011]In still a further aspect, the present invention is
directed to 4 _nethod of detecting a target nucleic acid. This nethod
conpri ses WBPVidigE Q) enor gecordipg)to Gy, pne /ta@Filsteib Herstpngor comprises

provi di NG g, LREBHesHAKIKEAE pliteRMEidARGuetesdrd ifRobilitQ 2IYRNRERE Br itae
sensor conprises two el ectrodes and whérein nucl eic acid sequences

ar e i nmobidldciredesavhicharecomplementaty toithe @rgstnucleieacidbgquanegt e
conpl enent, 4 i C..aci - i

D e b ST HSLE i b MG e
tar gt Snumkleicacai;i d; netallizing the nucleic acid nolecules of the

sensor; and rrying out a.conductan measurenent to determ ne the
presencé d?e@ﬁ%‘é‘ E‘éﬁ‘BF'[J"t‘%C“g oo Pleﬁ%@ﬁ%i‘e@s%?@mlosm EF DESCRI PTI ON
OF THE duf GlednbRerahddv@Bisufment td d@antied R pressles ot aB@nyd bhthe
reference to the detail ed description when considered in conjunction
with the ﬁ@ﬂeqﬂ“‘ﬂe!qw-exarrpl es and the acconpanyi ng draw ngs, in

which: [0013] Fig. 1 Figure 1B shows a stepped el ectrode arrangenent

in which the top electrode 15 (1) partly overlaps the bottom
el ed®rode (2) thereby BRIER PESCRIPEIRN ORTHINDBABKINGShe

[0012] The invention will be better understood with reference to the detailed description

when considered in conjunction with the non-limiting examples and the accompanying
drawings, in which:
{0013]  Fig. 1 Figure 1B shows a stepped electrode arrangement in which the top electrode
15 (1) partly overlaps the bottom electrode (2) thereby forming a stepped arrangement. The
upper step of the stepped arrangement is formed by the top surface of the top electrode (1)
which overlaps the bottom electrode (2) in the overlapping region 4 (striped area). The lower
step of the stepped arrangement is formed by the top surface of the bottom electrode (2). In
the embodiment illustrated in Figure 1(B), the edge between the steps is formed by three si;ie
20 walls (1, 17", 1°"") comprising part of the top electrode (1) and the insulation layer (3)
arranged in between. In Figure 2(G) the side wall of the step is illustrated under reference
number 200. Figure 1(A) shows a stepped electrode arrangement in which the top electrode
overlaps the bottom electrode entirely. The edge pf the stepped electrode arrangement is
formed by two side walls (17, 17") of the top electrode and the insulating layer arranged
25  between the bottom and top electrode. Figure 1{C) shows a stepped electrode arrangement as
it can be used in sensor arrays. The top electrode runs over the bottom electrode thus forming
a step in the section in which the top and bottom electrode overlap. As in Figure 1(A), the
edge of the stepped electrode arrangement shown in Figure 1(C) is formed by two side walls
of the top electrode and the insulating layer arranged between the bottom and top electrode.
30 Figures 1 D to 1 F show electrode arrangements in which a first nucleic acid probe and a-
second nucleic acid probe are immobilized at the surface of the first and second electrode,

réspectively. For illustrative purposes only one nucleic acid probe is shown to be



upper step of the stepped arrangenment is formed by the top surface of
the top electrode (1) which overlaps the bottomelectrode (2) in the
over| appi vgo b@ginenrst (striped area). The |ower step of pchscItepmRes
arrangenent is formed by the top surface of the bottomelectrode (2).
In the enbodinent illustrated in Fi gurse 1(B), the edge between the
steps is formed by three side 20 wall$ (1' 1" '+ 1") conprising part

of the to rode and .t he ins Iatl ( ranged in

RO R O T RN f#ﬁﬁf ol s S mgpilized
under r af @k eReLod¥sIHEes 206 miieftidctd froBds Bh B¥SmMoBiliSRPR Y RChE Sld8irode
arr angenent in which the top el ectrode overlaps the bottom el ectrode

entirel ym'f@ﬁ@r siggdiner (roundsand dprateddieveqen oueleisaridipgeheand elestrodsrsufaceip

two si dg%{g‘; J1SptdEs (1") of the top electrode and the insulating |ayer
arrange bet ween the bottom and top el ectrode. Figure 1(C) shows a
st epped [@Jlé]:t r Bige 2amd digedndhistrats a prOGEESSl firemarsdabturingse semnsor Areording. to Bhe

top el ect u over thebtt tro usform a, st [ N.
Lo secETBROTY T tf Biohen doysaay s oo e b ol Pacy e SRgtsff1ddls
Fi gure bkrﬂ)zedf(ﬁe)zeﬂ,@ﬁuﬂ) Inhefifst gp[pgtiF@keBCAmdaapauayang%eme sEbate llaﬁe
Flgure1C) Is fornmed by two side walls of thetop el ectrode and the

i nsul at il 4919 @pted vaﬂ»%ﬂg&efeﬁgtlwéﬁo? hén BigbiechB 2Ad 2(@pp &) ibés shewa hogghis

Fi gures ﬁotg}e&@t hydr i$ B%rﬁéd%ﬁr&daoﬁédrlﬁrh&%%ats‘ieﬂ tB dRhEed ;derfﬁf the first
nuclelc aci d %e and a second nucleic acid probe are |mpm [l zed at

t hel@ur ﬁbe@@f Int athird istep (Fige 3s€kba mataristforoing the Grspdeatiode isydepmpd 130.
| US T B  BL08 6.80h00o 806 UG GuyBoRELBS tleTnA BN Torkin e Y

electrode. In a fourth step (Figure 3D) the photoresist layer 100 and any electrode material
130 covering the photoresist layer is removed to form the first electrode 130 (Figure 2, step
2). In a fifth step the insulating layer 140 is deposited over the previously formed layers to
15 cover the first electrode 130 as well as the substrate layer 110 (Figure 3 E and step 3 in
| Figure 2). In further steps the space for the second electrode is patterned by applying another
photoresist layer 160 (step 4 in Figure 2). After depositing of the material forming the second
electrode 150 and any optional édhesi\_/e layer, the photoresist layer 160 is removed which
results in the arrangement illustrated in step 5 of Figure 2 (see also 'Figure.3 F). In a last step
20  the insulating layer 140 is removed except the portions covered by the material forming the
second electrode 150 leaving behind the electrode arrangement illustrated in Figure 2, step 6
and Figure 3 G. This method results in a stepped electrode arrangement with the side wall of
the step 200 formed between the top surface of the ﬁrst electrode 130 and the top surface of
the second electrode 150. The side 200 is formed by the second electrode 150 and the
25  insulating layer 110. .
{0015]  Fig. 4 illustrates the results of an ellipsometric study of a deposited silicon oxide
film 110 over an entire silicon wafer 120.
[0016] Fig. 5 shows AFM images of a silicon oxide substrate layer and a gold electrode
layer. (RMS roughness of gold layer <1.5 nm). This image shows the first electrode which is
30 comprised of an adhesive layer made of Cr which is in direct cont.act with the substrate SiO,

layer and the gold layer of the first electrode.



5 inmmobilized at the el ectrode surfaces but in fact multiple nucleic
acid probes are immbilized at the el ectrode surfaces. The nucleic
aci d probegoeaiégrd nmobi lized directly to the el ectrogdersdni@oaosy
via-a linker (round end | ocated between nucleic acid probe and

el ectrode surface in Figures 1 Dto F, 5[0014]Fig. 2 and Fig. 3
illustrate a process for manufacturing a sensor according to an

enbodi \t_of the esent i.nyentio he top | ayer 110 of g .sili i um
waf er gﬁ‘@i?lr at HEy g mpaﬁéélaa%es?'}éﬁag%fbp %i@%?ﬁ migrosensers dbriggted on a
(Fi gur e] 3xA» ctilicoR chipyPhie didRetef oftiforsHss Bk Boih 3V RY. 25l i s coat ed

wth a photoresist layer 100. In Figure 3 B and 2 (step 1) it is
shown hE8hi sFighot chewp san |atopee foscep stieresqqpyl GMBMHdmebe pdthien ingulator

second gt i for the first 10 electrode. In a
third sﬁggf@?aﬁlfééé%‘%b‘?ﬂz rra% erial forni ng the first electrode is
depdsi t ©812130. Figt 8i \)athews poscherbhtee illostratiogtofde posot deviceadh §<i0vien | thigler
fol | owed .1 he terial .form the fi.r el ectrode., In.a . fourth.
step (FrgRrwelay s forsRhE ivpdianat S Emirrosigiae oo i the Bigay
00 covesf the iidnBatipR ks €30 $tnahePap?) dasi eas ofhilate@ 'bE‘lchEl@iﬁ i th8 tinsulating
el ectrode 130 (Figure 2, step 2). In a fifth step the insulatjng

| ayer 1kawer thickaess<(R)Rensing Pracéirg @ vy difigrent pugleic agid saptupe probes(agy

the firgleseh fdutod ?Bﬁ%n%ilnéﬁtlic%cn #sosh (R shpbRthat Serladthe b0 s6RhE bR

E and step 3 in Figure 2). In further steps the space for the secon
el etd r oelectiosle §301 (éﬂd@an@yatmpmh fatgeh ROV evavyHimedourd betwieen,tep and bottom
(step 4 0. Fi gisr .. OSkt] R r .
second %‘*cgeé‘lf:ragfge&fﬁg’ a(ﬁlfé)t g‘{nn?qﬁ‘%t ?gtﬁg{;&qa\g{{%ﬁ ?@3%%3 3 (?ﬂbto hg °g1 htg?gir‘]g Pgt
| ayer 1fmOlecslerthapvesdltshin clhhrmaouol ¢fS an reldchrisah comhgang miathiwaly(sy theateed the
step 5 qf thure-z (see also Figure 3 F). In a last step 20 the

i nsul at PFRFYAPAY- 140 is renoved except the portions covered by the
nat er i ajooboy m g, 9 BRoweS aBRomlRsscs i€ anddebflaadpicdl Geldeh ksl éHi (dimension:
el ectrode arrangenent illustrated in Figure 2, step 6 and Figure 3 G
Thi & net®Bi® ¥dQ5Ml in a stepped el ectrode arrangement with the side

val | of oy SR, PPGAARALARANRAS b 8ittdht SIERGRRL ob B thb ERbtrodes

el ectrode 130 and the top surface of the second electrode 150. T

si de 20eprrateidnnandingylatinglayesclv Ppirad émpgrief 216ieangd genshpre(bedi dlentiiode lanes,
| ayer 110. [ IELO= 14 L] 1S 15,0 I'ssgf}gt'.
study o 'gl ohg%%@i Ifgg% sbﬁltt})}goané%{?la%gﬁq H}%%?égovzorp %ﬁ&%ﬁtg i Jrh lgwm |ccéir?9)’
waf er 1@H). flyodéiGice kingge 6f thh dewicd\ilidriimeypblizatioraoSCP I emhhybriddetion with its

substrate laver and a d_ el ect:rode, Layer . roughness of | d
oyl | Sl g BRAREEITTD o Eip w BT BHEIRER Rree o0
Cpmﬁri ﬁm Qéctﬁﬁhﬁﬂihﬁ?%tﬂﬂ:ih@)éﬁCPm&ﬁﬁ‘nd hﬁie @l’tijowrbﬁﬂrdc&fﬁ)ll%\déi Be hylraliatich
with the substrate Si ayer and the go ayer of the first

el ect r o¥¥h theyBy OO feoly Saode GEBETS 1 (9L PPHY. clestieti dresaet
opti cal sHowRaHy @lorPXD) Fubidcedte B4R RAE MdURRARSE bECPARAd htrtkalfh Fith
1.2x1.2 cn? Silicon chip._The diameter of the one Euro cent coin is
16. 25 ntespqeind spmplementansDbids” teggest with £y and EAM. dyessiamsleqimpnprncage
of hhe | RSHlRRbIckRRApHON HYS) ectr ode (Au) interface.

[0022]  Fig. 11 (A, top) shows representative i-V curve for 1.0 fM target DNA as referred

to background (control) and (B, middie) calibration curves, and (C, bottom) i-V- curves of

mismatch discrimination tests at 1.0 pM. For clarity, the i-V curve of the single-base

mismatched target is scaled up 10 times. The error bars represent the variation of data for
30  each set of five measurements.

[0023]  Fig. 12 i-V curves of PKB2 gene at various concentrations ranging from 1.0 fM to

160 pM.



5 [0019]Fig. 8 (A) shows a schematic illustration of a sensor device.
A 5-20 nmthick insulating |layer 140 is sandw ched between a pair of
Au m croelps bd108®379130, 150. The width of the insul ati pgrlsay®o/o0d0dss
("nanogap") can easily be nodul ated by changing the insulating |ayer
t hi ckness. (B) Sensing procedure: (l).two different nucleic acid
capture probes (wavy lines in Figure § (B)) imobilization across the
step forned. bet ween g %g 150 ‘and bottom 10 el e 15,\"6}gde 130; éll)
hybri di #42fbn Hieg A3 sheye i’gﬁlévgf‘)lsfl}?én REids PsEE ﬁre?‘a’;?ngr( ) Bdankm

nucl ei cs@ibdHps AR st(:b hﬁr)ctlf)ﬁ’ rl'EHEHe% R%fem%eh Y& el¥itfoRE afd BAnk BRctrode; (C)

backbone of the: bridging nolecule t resul'ts in formation of an
el ect r i azpptutsridols ¢ostpdrenhabseasor chip; (el 1.0mM K& nduidized sensor chip after
[ 0020] E’h gtﬁlg&ws a stereom croscopic i mage of a typical sensor
array chi Flrrensmn 15 10 mmx 10 mm). [0021]Fig. 10 shows
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fluorescence image of the device after imuobhilization_ of
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dye (toRngghi Eg.‘geq are red colored); (C electrochem cal
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erro ars 1'68 S a Ib for eat seto ve measur ments
i mobi | PZat 0N y za on "W respec I.ve conpl ement ary
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bot t om curves of msmatch discrimnation tests at 1.0 pM.  For
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[0030]  The design of this sensor takes into account the feasibility of mass production in a

cost-effective way by using standard silicon microfabrication technologies. The sensing
25 mechanism relies on bridging the edge formed between the top surface of the first electrode
and the top surface of the second electrode upon hybridization of the two termim of a target
nucleic acid, such as DNA or RNA with two different surface-bound capture probes,
followed by a simple metallization step. For example, about two orders of magnitude
enhancement in conductance, as referred to a clean background (< 1.0 pS), are obtained in the
30  presence of as little as 1.0 fM target DNA. Also, in one embodiment, a linear relationship
between the conductance and nucleic acid concentration was obtained from 1.0 fM to 1.0 pM

with an exceptional signal intensity of 2.1x10% change per unit concentration. This change



[0027]Fig. 16 illustrates electrical responses of (1) 10 ng total RNA
and (2-4) strand RNA spikes in 5.0 IMincrenent. 10 [0028] Fig. 17
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nmeasur enent s. DETAILEDADESC@IPTICN OF THE PRESENT | NVENTI ON
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[0033] I n one enbodi nent the side surface(s) of the second el ectrode
and the insulating |layer (see e.g. |I', 1", and 1- in Figure 1(B)) is
al i gned wvid2mesgast to the top surface of the second elcesiciadeodoys an
angl.e of between about 80 to 90 or in one enbodi ment by an angle 25
of 9030 or an angle of 9020. This mayép sharp edge is fornmed between
t he second electrode and the first el ectrode in the overl apping

region. This. - oms‘f r exanple i lizing nhucleic aC|ds in close
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[0035]  The thickness of the first electrode and thc second electrode can be the same or

25  different. In one embodiment, the thickness of the first electrode and the second electrode can
be independently from each other between about 50 nm to about 500 nm. In one embodiment,
the thickness of each of the electrodes can be independently from each other between about
50 nm to about 300 nm, or between about 50 nm to about 200 nm. In one example, the
electrodes have a thickness of 75 nm or 100 nm or 150 nm or 200 nm or 250 nm. The width

.30 of each of the electrodes can be the same or different from each other. The width of the first
and second electrode can be independently selected from a range of between about 0.1 pm

and about 100 pm.



20 or about 50% of the first electrode. In case the overl apping
region of the second el ectrode overlaps the first electrode only to a
certain paygednbaggeas illustrated for exanple in FigureckscBiootoss
further edge (1m is forned which increases the possible sites for

bi ndi ng of nucl ei-c acid probes and thH§ t he possible sensitivity of

t he sensor. [0035] .The thickness of the first el ectrode and the
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[0036] The insul ating |ayer (3 in Figure 1) separati ng the first and
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i nsul at Lggdefgr Which is below 1 pS at a bias of .1V, in sone cases
only between about 0.2 to about 0.8 pS. [0037] The insulating |ayer
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between the jnsul ating | ayer and the second el ectrode, or . )
is required which acts as a buffer between two active material layers. Sometimes there is

m

atomic (molecular) diffusion at the interface or alloy (compound) formation which make the
respective interface more stable. Without an adhesién layer, a thin film electrode layer, such

25 as a thin film electrode layer of Au or Pt might peel. off from a substrate coated with an .
insulating layer, such as an 5i0,-coated Si or glass substrate. The adhesion layer can have a
thickness in a range of between about 2 nm and about 30 nm or between about 5 nm and 25
nm, or between about 2 nm and 15 nm. In one embodiment the thickness of the adhesion
layer is between about 2 nm and about 5 nm.

30 [0039] The electrode arrangement referred to herein can be arranged on a substrate. The
substrate can have a thickness of between about 20 nm and about 200 nm. In one

efnbodirnent the substrate has a thickness of between about 20 nm % 0.7 nm and about 200



between the insulating |ayer and the el ectrode of both, first and
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or differ fromthe n cIe| aci d prob i mmohi |1 zed at the surface of
the secgﬁdlséq ée&%ag f@%mtmm, ig ’Q‘Ehé%agii ¥ g ASTAYYM. (SHer; grodjum, and

"nucl ei gy@elighn, E:%axh'ﬁ@éjof‘ﬁkﬁ! llléﬁfnﬁélﬁdé Duftlé I{Ut'qlhﬂ{eﬁ t@QhﬂnﬁrﬁLnﬁH&e (TiN),
possi bl e configuration, such as single stranded, doubl e stranded or"a

B o natsnbrhumirairido{ T e CabidGofinalReBE and sk sk DNA
ol ecul f5n44 H@h&&&k%&uﬁa@én il ot R o st AP 36t tln HE 20

nucl eot i nal'ogues or u uclerc aC| m str nuc erc
acid no Isnmcl hedeit IabiA)p;oH?i\likedhé suai¢ie acid protedommbitivad m)ihe cuifas of ¢hegrecond

ol ecul Eishaatton g o Mo ek S6HCraPS ARORBER, Poe BrrR BeLE

C4' and efRtrodenhi ch | ocks the furanose ring in a N-type configuration,
prow di g t he respective nolecule with a hi her dupl ex stability and

n
nuclléasdiMsd; simittgeneryl mepping, 4 r‘ﬁDF‘B@E‘Fé‘C n 2% we&d grest %Wﬁlya{l%lew

char ged abraGK BRP Bossi e ABYCIPS s@ﬁ @mab& d@ﬁblé m&ﬂe& bPa @rhSih&ion
and may be single or double stranded. uc nucl eic 25 acid can be

e.g. mmrequlelgyﬁﬂhwh@e fevdnsterea S A mule&,mmcn@m analpgyes 0£the

copoly %g , vV, Fa
of bet \Ang%n about géi}gt Slg%h%otl gggglg?ﬁ% D,& glg&(?’?kl%\?gﬂln%hgﬁle&g
may f ur modewmcd rodacuwdes(LNGY); I‘\HAumalecmias:#mUWtd@%aiolﬁgubs (e.4. 0O 6., dt/ah,y

A 300 nud A e e GRd 128 ARl BbRR g7 et nag Hoblnst XA PR %ﬁorsft

f Or [ nstvaﬂpe niditey/larsiridge Ugtween T4’ pRO oW Rich b ok it ﬁ.\raﬁﬁ)salﬂmg in a N-typ
illustrati exanple

ubsti t ut f 2 d i R
2'F, 2' GORMewpion, Provicifi e sespectbirghnleqits Hbggvélec? PR SEPiEy %”H:‘B'\%Piey
of the resRaRk URIkMPRAIILAIEOIPA/ SHRAOLRAU0MRE . backBdie. DNA or RNA |

Modi fications at the base noiety include natural and synthetic

modi f i carayobrsofogenamicor gynéhetic Prigin andfmay bﬁﬁinslsrqrrd@ublﬁ spgndedi Bchenucleic
ggs'ag %dehcaisbéjégchﬁn@&yé RNAY 5. g éqorm@ A aﬁrﬂ%g@gﬁ@o%w'

as non-puPine or’ non-pyrim eof i de bases
nucl eot |odpolamat o'gﬁ)éb\ sed Mzh,solmgmudcstades,bms RNAihawvingad lelbgthesf between

i ncl ud d 5- t d l, b bl
ot or moBeek W43 mefeefo e R B BRCRIEE sGHRY TOMPBRE BRESh Bk
be COﬂblﬂﬁﬁﬂal\MuERoﬁdeﬁl@ﬁw__e a sugar nodification, such as for

i nst ance - 0-met hoxyethyl, e.g. to achieve unique properties _ such as
i ncr easd@o Qﬁ]m AMany; I&@iqopgg, analogues are known and can be present and/or used herein. A

30  nucleotide analogue is a nucleotide containing a modification at for instance the base, sugar, -
or phosphate moieties. As an illustrative example, a substitution of 2’-OH residues of siRNA

with 2’F, 2°0-Me or 2'H residues is known to improve the in vivo stability of the respective



[ 0047] The nucleic acid probe immobilized at the surface of the first
and second el ectrode 10 is a single stranded nucleic acid which is
conpl enmentwas Wib/@oshfve target nucleic acid which it is inpcerdedobioss

bi nd. Binding of the target nucleic acid takes place through

WAt son-crick base pairing and the forﬂytion of a doubl e-stranded

nucl eic acid. The nucleic acid of the nhucleic acid probe can be any

D LA H ) o BB o LB A,
repeat i @ aptTAS, differbrt PufletR tpyARSdiInEB 4B UG MQQS%%§W{P§%}, and

sugar, a phosphate and a nucl'éic acid base. The sugar in
deoxyr i Boswnoafprindaglarasi welkNee ingn-pptinss or nonepysigniding snugbaosige i Hassse Gsher

with on - ' [ |l.ed, a

nyciroxy e B R BARRAREL GO SRR B2l sEflubrprgls and -
cont ai nsittoiveloteu cCUsiversalc bakebase abley i fiem lubasaopaitivatti bny Withdr ebdsblABase
contains utacjl b not 1hymne., Th t her three heterocyclic am nes,
den; ne modiigions fiken S OE FPBEIAL AcF SEHEPIF F Biseh MIALCAER R 2 o
[0048] TiienbelOl-Olse@bk sty 0BeS tdiatileifighe GAdpeRRY Ssueh | 8N@ERaRH duplex
bet ween about 5 to about 50 nucl eotides or between about 10 to 50
nucl eot @Bty or between about 15 to 30 nucl eotides. In one enbodi nent
t he nuch®j491 acirfls Rk : mbﬁm r

nucleot%@%g! T%§k|é%§§§?gﬁmﬁﬁ§ |rg%g%ﬁghggggﬁg%ﬁgéﬁg?gmggﬁ%hg?%ggme
canlfe tdresinglestranded Buelkicacidrwhicl 8GddpleTicntaryuolthe mrget nuclgic abid which it is

i mobi | i .ac f e first and.second. el ectrode by.

ot hods " ' Y, BOGRE St el el e oGP SGE RBIE RS Br-tbot oo
t he sur paiciag ahd thHecforhattdn efttedoubiesstandddroeleidradid CTHeenuclEis adid gf thiepclaice

often useq fqr i bilization of nucleic acigs at the _surface qf. |
et al's. 398 PO Beornseuns od nsfou RufiesBi fonie anpiment e fudlic acid
ol i gonu?fcmetié dfide WETEN AN TN 2 OBOMIONACInG VAT 26 86mpPdscd rcﬁ’%ﬁ{é\e‘aﬂ& units of
termnally thiolated oligonucl eotides using solid phase DNA

syni hesnyflerside dinch qusleofidresamsistienf asugarn iarphrephats ands npcleic @gidt ke, The
K., et @hoar inlBRG: isldRBLGYRHoSe. THEGLZR TPRNAME HABEe! ieGalt s AR i
vol . 14, 6%?%781).mkbnna eteal. u%€§95: (h-az%%ophenagégt |o.?%#%?“nm
5- APAS- oTPmen O5l (oxpse-tiyiroges aleryombinati@Ncalied avbydibxydirA avpgar. diffen
nodi fi e i R A I t i.vat e
such or SEUf BRI SR8 REACIANR SRR e m L it B8, diRffhes BydoL el
vitro t mdile ®NAptdoonimsaaatil but rdtiaimmaine. NMheMdtherDhe:sihegedscyclic amétes,addenine,

198 5 Biochem st' . vol..28,. .pp..5814. , M M, Zhang, Y., et
al "0, o, g odis %‘Sf%"g:’{?g‘?fgﬁf%fm%m): VD 03038108
di scl os¢g048] neThefuddéic ABidiprotied UsddUierele c haRy kileHgth HEbpREDabBht PlorBasty
eX|st|n% nucleic acjd strands_to introduce thiol grou
[

. ) ps, for ,

i nmobi | P9 &¢lsriides opbetesan abayt 1 Gitoe>0 nugleotidsisox BetweenabentelScto 30inyclgptislsa s
at the 1 ; i b

e10- 1270 G GURUTRGUIHE SR a0e hoes 1R 4 RagR B PTHAPT0 Somr 60
i nvent i onclpatidgs.r Blaa dengtho off the fined chnd ofecatut pedléingeid prwbeatan rhecthei sme or
aci 35 T'&%f?erélﬁt hod conprises or consists of the follow ng steps:- :
providi ng a sensor described herein, wherein the sensor conprises two
el ect r ofeE9hnd Thbemeleic acid| ol &cintnstbtizednatethe asuefacaroblthd ifizs? dindt sebdidd

surface of t el ectraodes which are conplenentary to the t et ‘
ol o ¢ et ERed R 46 4 \EHE B8 B eneHI L TGS ¢ Bporface
suspect @ thelele@rtaes R 4 AnkfomblREDE I TN S RE bten MBIPIOr limilizMon of

nucl eic acid nol ecul es of the sensor; carrying out a conductance
neasur eRBplgicapidgat the gariecefimeflsesence or absence of the target

nuclygi c 0§l - : s , :

ConcBnt (2505, Edrplf #1450 AeREkRF b biBhidecBiENnES fidfcfofbipiecid,

one enbgeuifaent by heeparmge termimally ¢ thiolbted | oligohecleatiige wfing eblid ephaabODNA
s:}nthesizing techniques (described e.g. in Kelley, S. O., Barton, J. K., et al., 1998, Langmuir,



25 suspected to conprise the target nucleic acid. In case the target
nucleic acid is conprises in the solution, the target nucleic acid

W t h undergeqeagplsgrent ary binding with the nucl ei ¢ acipdTRGIRSS00086

i mobi | i zed at the surfaces of the first and second el ectrode (see
e.g. Figure 8 (B) I1). [0054] After cgﬂtacting the sensor with the
sol ution which for exanple conprises e 30 target nucleic acid to be
detected, the nethod can further include several wash steps. The

washi ng ek ¥p$P4781)s HA9aa &4 al grsed Salid-arifophsyacy el AER s S-ARASHUTR and 5-
obstruc

Goposi § PRASCHREord A et birfts TRASAGARE] RudOiARl obfin azido
2010/ 104409RCTHiSE20d @58DB0881VEE: stchaerdss:linking gndilcan bpdssediced timo RNA

bj ect _t ft. hybri di zat th I

St o) e Mo 3 2, B b AR HRE Rt Riindr Y. 10 Shasiet, 3 ool ok
hybr 5di Bistheriistre] e128] fp.58 143 Miand, MMM, hEhamg¥Qret aF;01993 1 Nu¢leie N cidaRELS
solution w.th. fferenbﬂp%ééigs centrat ons. are used For exanpl e,

di
the | esé’O]c%‘mBE*ﬁ e WY e%eata.r% medifymgRysine op pyripidine bgses
of the BrairéddpIsidtingableftNakid | Q@aﬁtﬁ,r@eihﬁ%d{fc@ ﬂnbh%roﬂbsg RS infd¥bilization to a

stringency and the nore nucleic acid wll be renoved. This wash can

be donemgtal tserrft}yer The density of wadpic2sd mhesm@e susfacevof em elepirasie aan dyggn @f
about 2 e 15U i SqBre known in the art and a

per son §%@F? %k?ﬁ&% OG? 0 Egﬁﬁ§m1 gm1to adapt the stringent washes
for 10he[0053pecin aneﬂteaasyett thmpk@cm imgintion istdietted to a thefhod 56deéctiag a targct

hybri di zat,i.on et _nucleic ac nucl ei ¢ aci

ondl o 1 Bt dold This b ROg S & SoRg o P Plaing sfpt: BSkding < $isor
under goida@riBedTBérein| iviRtdi®Nheé Eﬁi@or b@ﬁﬂi@é& thvOreletibadsi amdn@héwﬁl Riclei Glids
are known in the. art (see e. Ei chen, , et al., 1998

Nat ur e, SCAYENCss fre laﬁneﬁvrksaed qvéheawrfafaef 8}? qlerirpdesehieln éreorewémn&wmhe

el ectri @egétxauaeie%ﬁtslee.sbne@tlﬁéubhe@me $éifsBr #Rh BORhSle @iﬁfdeéuslséefea té § 86ifprise
noble nmetals referred to above) on the 15 nucleic acid conple

f or Ad lﬂ@tmhm#‘é?lg ecidnmetallizingthe rtﬂﬁblmmd wiotecules af heggasyr;; CFWHIEI qut @
at the gyf cc%ea%nx%}'rﬁh%tcfe&%ﬁw ahd %r@% e %Eén'cggtéﬁ'l? %ré%%?‘lﬁ%lbl% Qfid,

nucl ei c aC| stran orms a nanow r I gure whi ch
conduct $00#2] el bcsuch @ahetbod thersaltnguch asdia€l eficf, lccmoenﬂrdtipntdaalbeumélerrangeeofc

acid as.,such ncrease e nct i o all

G e o PENYERR abqul ot sl GRS AR fo e ubd, ot BE b BE 14 Ik Bpa 1°
deposi t eém&ll;mﬁlg)éi me°mm|cdbeu1_c9(&al dhmlpﬁexaﬂ bein d hﬁgé bﬁllmtweén zd:@ﬁOZB Ld 9.0Thus,
process is based on, se ctlv,e ocal i zati o i ons, such as

si | égr iR @DoxF Spihach eamh g icarried Lf @VEd %ERJ‘H ra‘égegﬁt‘% $yefih gonditions with the
i on- excRange d@d&ﬂbé@h&%ﬁi q:ppgg‘ tr@éiﬂﬁﬁte&eﬁlebﬁhiﬂﬁe%sbmtd E&fl dthE Rrget
nucl ei c acid bases. "I n the enbodi ment using silver ions, e silver

i on- exc maﬁg:e@cﬁwéqWée s nog neeesyary & GaEying eutthe nbwammdrfer detotipg a
metal |'ig étn\daglcadgﬂr gs bound to the nucleic 25 aci d skel et on.
These no e netal aggregates are subsequently further 'devel oped',
much as [0053] he As fastdbe sleqstblotsgg agpﬁlgurfps Brbhus epntalstechglth admbmoua-ﬂhyh is

red sol ution and s. under

The JenoarBRrE) \ SutiRior b Brar Ruicie ARoo b e the et e A S dhriPhies ip
sol ut l onhecﬂ:lmtdn$ tleOtaiped hogleic neidewith QBetko ThiMplementasNEinéifh aditBRtmicRE:
nmetal lization step conprises the step of contactlnngO t he sensqr

With a SEIARPRS E'mﬁ?fl}zgﬂ a4 the syEfses %r%ﬁf%aﬁl segapd sleetEddfegse 8- Figure 8

cont actlg?m he sensor with a solution conprising a reduci ng agent

suitable for. chemically reducing the noble netal precursor.
[0054]  After contacting the sensor with the solution which for example comprises the

30 target nucleic acid to be detected, the method can further include several wash steps. The
washing steps are supposed to clean off any substances which can obstruct the later following

electrical measurements and/or the deposition of metals at the bound target nucleic acid



WD 2010/ 104479PCT/ S&2010/ 000086 16 [0058] Exanpl es of suitabl e netal
precursors, such as noble netal precursors include, but are not
limted tavé\gioBosafoAg( NH3) 2] + (aq), HAuCl4- 3H20, H2Pt CrerSidzér/ohtdssl2,
K2PdCl14, RuCl3, H2PdCl16.6H20 or m xtures thereof in case the nucleic
acid is to be netalized with a mxturg. of different netal ions. 5
[0059] A reducing agent suitable for em cally reducing the noble
net al precursor n i nclude,  but is not dto r ogui none,
ascor bi Sradsdt Mi?p Pogibly fibjegtthy Ss&soari?réPrr%frrgrﬁtwpagﬁmrr&ﬁ@udew acid to
decabor gi@gerft ALERAb ?aﬁmeangrnoﬁﬁreaﬁeanﬁdsaﬂmBp{;aaﬁawmizean &él@l&@iﬂ
yl

hydri de, crtrlc acid, diiso I"al um ni um hydr , dieth

1, 4-di hytmmdg fwnuﬂweqehgox— @r@trpggsmdwwéqs %fé\ltm‘wﬂaﬂéfer@ﬁ kalh mncentraﬁons are
et hyl en & |

nycr ogont'd FEt eieimale AT AENDRy hob, e ISHEARL Bmtion of the

aci ds ( 3stiiRggnt mmsh andtherntemnperhtors; dieyidglie d;essthmw;:)s archthe ploeaysdeit acid, will

trrs(t nmet h sil an TTNBS trichloro si L ang( ES)
o ynbt rmis D PSR R RGPy T GERT G nad tho 1 thr

| sopr opaepd of Aol PRATBinutesTaEH. STt nethddsat Raxye i@ ¥t ahd arparsmmﬂneddﬁ
(Red- A1), sodlunrhydrox§rethanesulf|nate 15 (Rongalite), sSodium

bor ohy dFteqat il wdart n%'eﬁeahwheléor %drwt&rettnrgshmtféew acid
( Na2S204tect qlunrtrlacetoxyborohydrlde t et ranet hyl di si | oxane

( TMDSO, TRES , tributyltin hydride (tributylstarmane), =

tri phen{0q5hDs pnﬂ’rnehyhnduzahpheﬁsheﬁmspmcﬂ@c a¢id totle mueledeiagid probes and after
hydr oqui on n I 0 L '

ot esent Mnogit AL et St b8 hybRaRE fucteld SR i ulierblih  m Rl 6
can corrMetlmls dor metakzisg nodleia asidn arerlmas/ndnslmrarbesde b.gr Braon, B, Emhen, iYoyet

conpri si precyr.sor whj ch ,is el ectr..cal

contuct vy 19t Vel Sy B 2on M a ot tsE S e PG opypiectrically
cheni cakbpduc@shifietalidnBesubE hethodé BfetH S6 (s HOBIk] rinetall rafeﬂwio%av@cmdme
detection kit can be used for exanpl e, for characterizing nucleic

aci #° of nb‘dﬁlﬁ@g’é@mprﬁéafgﬂ?qWWWSF@Pél%c adrthe:pucdsinpeid BiobRs impehilizedy
or in P} fife-sudace & the @¥e€ﬁ@&9| ARSL dpBSior HemaaliZed mubRictield ffnds forms a

i nfectious, 3rseases or- cancer diagnosis and treatnment, to name
only a hewwnﬂeh@ecpﬁmebis €B} BDawhigh genduets aneelentrical quiens amsbrmege efficiently
further 'd@%ﬁé&@a&@ﬁ?&kﬁ' detection of nultiple target nucleic

aci ds. e sensor or sensor array -referred to herein can also be -

I nt egr a{@b6i n a‘hugadmnteawuletctriaat fineti@alitynd the meteieacid; eteatrigelly condiietion

acigs. W t he sensor,.a kit RO le.tq, det ect .
ol B0 ot et FeoirnE drnseSuted i anPie RO ot R SheRfbal genogition
al | ows  gidceyrie BhiedtdnaeletfiveSlobdizatidiasom xkiSions, hiefas sllvaliohLilengihie hucleic
sequences, as described in. the experinental sectlon of this

appl i cagfFigrihroughp e gy @@44%@@#?@@?@46?%@9@8 gomplexes between the silver and

the nucleic acid bases. In the embodiment using silver ions, the silver ion-exchanged nucleic

acid is then reduced to form nanometre-sized metallic silver aggregates bound-to the nucleic
25  acid skeleton. These noble metal aggregates are subsequently further ‘developed’, much asin

the standard photographic procedure, using a chemically reducing solution and nobel metal

ions under low light conditions. The chemically reducing solution can be an acidic solution

such as a solution comprising hydroquinone. l

[0057] Thus, in one embodiment the metallization step comprises the step of contacting
30  the sensor with a solution comprising a metal precursor; and afterwards contacting the sensor

with a solution comprising a reducing agent suitable for chemically reducing the noble metal

precursor.



[0062] I n anot her aspect, the present invention is directed to a
process of manufacturing a sensor of the present invention. This
process canpbiisespy ovi di ng an el ectrode arrangenent agcegssgéioadss
herein. Afterwards a first nucleic acid probe is imobilized at the
surface of the first el ectrode and thﬁG second el ectrode. In case two
different nucleic acid probes are to be 5 immobilized on the two

el ect roiiqe's the first gsucl ei c acid probe imobilized_at the surface

of the 458} aFEArBRIELALSIARIE MR racursersy Suph arneltie BFa) sreshergIindyds bitg
of eithgfe fhindifell 6 AGNRSL [ﬁ%ﬁlgﬁ)’zﬂ(ﬁ@r ﬁ%@mds}ﬁflcf%Pﬁﬁgsnﬁﬁ,tr%@i\gmgméme

second nucleic acid probée Jifferent fromthe first nucleic

aci d pr 8u€lsi HPdGtebilb® oe anixfures Hkerendrifh gese thé nudieic abidds to e nfetabined it la
the first clcefl [ r.obe has not been stripped of. 10 [0063] The
el ectro emjfél{l%rc;afﬁE:]tgerrnst%r\?tﬂ(il%§l I&%I'S prCcess i s manufactured using standard
| it hBgr §sPT nAtleduldng agdnt asitabtafor chenically wetiadihg the( fiblle metatl precursor can

photol it hography-liftoff .processes. .The RI E process ulted in

Dot ter U (oS 0ROt Han Bl QA roafinetie. SEaBlsedod) Lokhohearcs, i s
ar r ange gRhdthyl {4 bordhds dethbonge, eEHMQHbIEBRhe drhBoRAO&ESBydRbfuran complex;
manuf acturi ng the sensor conprises 15 formation of a first el ectrode

on a subernenhydrides ciFigAcs diisgputyialumiaium §ydridreOIRNLHD.cE oty 1.fdhydro-
bst fd i .
e

el ectrode covering ‘ate cove
i nsiP at reid, hyldyaning, hyfrwgaes lithie awciomd hekdade (oiddHi)s 3froemapdorrepionie atidp

a portian the first, electrode covered with the jnsulating,laye
thus fo mbfr%\)an (I)n\?ghr 81ppi r%Ckre fe)gi B?{f)hyf%@e’por%lrag% of e iaﬁsuﬂ’gf?}%sdfane’
| ayer whis¢himeshylsifiyl)sitaner ed OFTMIBE), Secarichl@0sitinect r oddethysilaeoVv e dTES),

thus form ng.the.st ed rode arrangenent as shown fo xanpl
B oo pEvERyaRsTRE, VY B PrsmeR ity rrig s BrBOpHDh (% FropancD
ar r angeg&dtam ! vis(MhhdthoxyBRioRYRRuRMHYEr 8€ BREPADY S6diaA ShyRdfdxymiBahestffinhtae
first electrode is_described with reference to Figure 2 and 3. Figure
3( APS shéhenealigd sodiym jharelnidiide dNaBHoa sediums axpngberphyfiriden sadiumdithionite
provi defnas, @ s Ui rididGieonife, Ttgea;f%ﬁgylklﬂ%@fanél%mnwe TMDS

siliciumwafer substrate 12071s oxidized. op layer 110 I’s ‘coat )éd
wi t h phtitotdin stydnde ndrieyilstagesae), nigphekylpbhsphne or Riighenyiph@éphyteada one
3(A), a . { . T Whi L out 0.5 p.mto about 2 p.m
thick i g&pgélgnégéhi‘lira{lﬁé&ge(lé?\ﬁ{s‘nwéws%? !@[S&Fhe photoresist layer 100-is
pat t er n§aDby ekpo finther hspetdy/theangsenti iaventiomedfera na a desleicapidietcotifokin The

cavity. Figures 2 (2) 3(€ shows that, a . highly pure gold |ayer (50
Fneby 5 SisSefise ootk ol domobad pBubedhertind ArsGEPecpmpSe b Ry
shown) whicGflod 6f 4Ras Wiech RkMcaidalle cqsxﬁmhng', BECHP&! 4 héw1s nffali 4R a solution
photoresi st |layer 10Q and in the cavity Igure 3(D) shows that the

phot or e ¥itablq fay ehemierlyi redvcinaihe melbBEEHRAT wi th t he port i ons of the
gol d | ay@i1} 305u0a 2R 44 QRIRNSEROKY RO 00R5 0 BdRpRsistethaltSin!
by subjecting it to acetone. The first el ectrode 130 s’ forned.

Fi gur es ngcl¢ig)acidmf mrithpgens, nqapyringloRNAt lnvdls deringnexplression grofilingror id Going:
depggi t . 0] by p - € nced..chem cal  vapog.
dopas! 1 PhserE RRIigoBR "M hasotor MeRRIRE BICANGE D fAGN, 16 el BT biagmpsioypa
first elteatenyjeo hafle only0d &6F.FIlgupoasiBle (td hrrampvhe sbi@br in phaisor asdysfurther

Layer 1280\&!9 %:[ne Sz?rglw)deitesctigr? %%Sx}lélgﬁe%g%gten&c?eelc acids. The sensor or sensor array
referred to herein can also be integrated in a readout unit for detecting a range of target
nucleic acids. With the sensor and this kit it is possible to detect full-length genes. The sensor

30 is sensitive enough that it also allows differentiation of single-base mismatches in nucleic

acid sequences as described in the experimental section of this application.



insulating layer 140 and is patterned to forma cavity for deposition
of the second el ectrode 150. Figures 2 (5) and 3 (F) show that the
second elemmm@dﬁuaﬁﬂ is deposited and the photoresi st Ipayg&201080008
renoved to result in the patterned second el ectrode 150. Figures 2
(6) and 3 (G show that portions of t i nsul ating | ayer 140, which
are not covered by the second 10 el ectfode 150, are renoved by

reactive_ion -etching. (RIE),. A side wall. 200 qof the stefp
el ect r od&084 r Htf@ﬁém agpect thepsesentrinkension ds qigacted 308 Prasessed ﬁéﬁﬂpfaﬁfuﬂﬁlﬁé‘

over | apRLfgy sE@L S&SM'xﬁ%nﬁgf{ €T His bec&s@eco §§ésfﬂ Gvﬁ)ﬁ?'mlefec r% ement

Figure 3 al nost: %of the firs electr 006
ment i onésideschieed; hesain. a’eﬁmaldayéirstamlebeammba@umbﬂusd aithe pmface of thy

or plas al o eposi t| op P
o oot o BBt CIBRECALAETLER JR8He IFRER o MHEh lcic AT RIS ER 0 be
t he ﬁneulgmobﬂnzéd’ aﬂﬂafe@wo eﬁ:ctmﬂas the @ias niicheicuci ﬁr@tream(ﬂﬁlﬁzegas )he stfhce of
transforns.the gas npi xture intor tlvera eutral

at o ot s A8 dreoe 91 egﬁﬁo‘%ﬂﬁé‘i‘mﬁf"g B Refentia e fsa'eeﬁ f‘é@l Cthp et L%fsﬂ#ecor
and ol efdedénd ﬂ@&ﬂﬁﬁ@tﬁﬂérwaﬁfsaﬁé s¥dohdl ndcleieheid @bke WhtAliediffefer® from the
chanber and, dependi ng?)on the nature of these interactions, either

et chi ngfistt ngelgissictd prRbe ivesekilzesce he surfachof dhoelestepde from ebéch; the first
formati 89“'1‘% {ng?r@)g h%seﬁ‘&tﬂe&?siﬁﬂgﬁ]decﬁer getic species in the gas phase

occurs by col Ion 1n the gas ase, the substrate can be maintai ned
at 401 oWG68tpelhe (alastrodéni amranggieen 0ﬁﬁhmdp1b9espﬁ€vmamrfectmharwmgrst@datd

it 1 or e e RO RERER WHE Srpaive 1P TR TR ST Hinet ey igor

used as pﬁmwsesa ’]flﬁrRHB piocess riesultolt éin REGMERr e fihieien fof the bidewslh uf aled steppedf

the insu}a er Oxygen can be used as precursor 25 gas in the
PECVD n&th eE‘?ﬁ’i‘E for the deposition of the insulating |ayer
usi ng tt@e&’ﬁvcﬁamimﬂe GabolignRE! HB§RoRRO BE fufeGeNE Shé Nendr PoRiphiss:

In one example, the tinme is about 45 seconds 0069] For the

manl? acfermatien of hrst Alserageiong: ulyEats. Aﬁféwgﬂé%umse[a@pg layer whishicaverpthe
chanber sx%strﬁtj@%nﬁ) VR 81%&}&& 1% Sf()lﬁl%(auﬁ"hé'p@le Qhll (el:ggdqu)vp ﬁﬂ%ﬁgmi't%g

mrorr (133.32 Pa). |In one . di ment e pressure 1Is
mrorr ( ie3wdsiraRajovefedo7id} ﬂiermmmgribm iisvfomned. tThe st¢op cleatredais fotnaed to

Bbout - oobsizy BURTRE ARG ek i SHB0 STaL wi ug MRRhE F5 -7 s o S"

2010/ 1064&915{515@8@&101’1&&%8&1 b tHednsuldting Mayed fndddhLis exoof:oxteml by thiel seéandg

ayer. t he other hand the.flow rate OS into the er can

D T N I A S e L
flow raq@ngﬁre‘ﬁEOS was about 0.5 I /mn. [0071] As descri bed here| n, in
case the first and electrode are to be coated with different 5

nucl ei c [8R8PH pAssEamplerrf manufactusing) as; %e%@ﬂ%i%%ﬁ@eﬁéeﬂu‘%fbthﬁéw?m%}@d
from t he.&igp, ée% Gy gzn%&e%se %1&&0\41@ lseae%aweecégﬁl Ifafeg &6 14 PizuRfs A0,
pecitically renDV|ng

nucl ei ¢ aC|d e ca i nmobi |1 zed thereon
a nucl e iFaguae:B(d\) ph@bsethfat osilitinm wafief oftabouf Snume thicknessde prosrubdas alshlgstrate

t hr el e [i i thi.s proges
o 2500 1E T2 b 188Y T of thel BRIt Sl P! ERiiged, TRE IS4
pot Fnt i ahody ebatag u@tgaphmﬁresist reingr qﬁ:];ce%aeingcm Qﬁﬁwn b @lélﬁespﬂljl-)? Shcl iatA),

cycl 1 ng S Ccar tlna,r e et en apou .. (0] . n e
embodi n@h?torqsﬁ &} &P@hf‘éra%f’ﬂ‘i Qgﬁapéﬁwﬁ%lrt Z e thick s dompsd, Figse) 33%5
250 mv/ %ho»bsﬂth@f‘&e%fmés%t 1 &Jee 186 3§ patRlnfedi 5y S9kire &Q@W}éérﬁ: vib Q0hadkThfR

inventions illustratively scribed herein may suitab be practiced

in the slsdered toforany cavitynBigures 2 (2) 3§D vhasys thaty hlahlv@nrmolql layex @Oinonto,
not Epe%'ob lnﬁﬁ lby ISdEP ggﬁ@ﬁ %goeega H@Sﬁluﬁh dﬁ‘iﬁggrcéﬁ’t; sﬁéﬁﬁf‘g%ﬁp és; %%oélféﬁ%ove

"conprising ontainin
expansi \thd mmnﬂng!\pdrhmst oﬂ therphatoresist layatdio0 iand &l thy catitye Figeren3{Dashiows that

the photoresist layer 100 is removed together with the portions of the gold layer 130



20 within the scope of the invention clainmed. Thus, it should be
under stood that although the present invention has been specifically
di scl osed viay 2qa6/2dsgfor ed enbodi nents and optional feat ur @gr/sG2010/000086
nodi-fication and variation of the inventions enbodi ed therein herein
di scl osed may be resorted to by those,skilled in the art, and that
such nodi fications and variations are considered to be within the
scope of, this.invention 0073] The nvention has be s¢ri bed
br oad! y SPRPGLARAIVE Ly S;vbﬁetir% ihlo Resibi Jihe g WaPIMLI0 S pumcd s 3 ()

SUbgeneﬁh&FW(E)gﬁovf@ihh! diﬂnyulét gnaﬁeh@mﬁ%ﬁbsqtedg S8 Y6End) plfaﬁﬁzm
part of the invention. This inclu eneric descri tlono

i nvent i §Abamcedcheniead yrrQs @POWEﬁé’D)l%Wﬁppﬁ?ﬂn@bﬁw ﬂlg tamlaygmuioe@@

matter fyoE. regardl ess of whether or not the excised
mat er i alﬁl S ti‘pgcgl%? gfq'l y recited herein. 30 [0074] O her enbodi nents
are Hit ho066] hengutd D) shows thans plamdemstrlaydrilﬁi) ot ghexgnp kle;msudd’nbove the

addi tion or as of th ntlon desc

Cer s of ARG oG L G s Poust0aG) o s FEBIuIBu RS S5on Flsgend

ski |l ed1se. Figerearz (5)i &dd se(a;pgﬂmzeth&th&b debénd BM@thdeOIBU = fpagtddhﬁrdeme
descrlbeg in terns of .any 1 ndividual nmenber or subgroup. o

the Mar RRQRrSIEbEper 16X pesmoeréria resitan fhopatemod seppnérigryeds 150 digures 2 (6)

mat er i alaﬁdﬁ@@?ﬁ]ow-rtlﬂh orﬁ(ﬁfs'@fﬂﬁtlﬁéﬁlmglﬁémw %kﬂéﬁeﬁ@ﬁo%@&eﬁ'ﬁ ﬁie ed¥ng®
cust om made by Si gnaGenos Wodl an TX) "and used as rece

Qt héf olelegt.wdpcl-‘ébtared@m by frmthmn Behjng I(’RIEE)LMSIQQSM@&%@QrOef)the Repped
ot her r r. S

used Wlt% éﬁ g’?%d?l |cgt fr{é%g}dghos %ﬁté ﬁagér(réf(,jﬂléa%ﬁa l\'@B@gIOTO
mM phos pﬂmhe:oizérs uthe epecificl&ampleldhdiaCin Bigﬁne'B amﬂokt@l))%wﬁ&eu‘rmdlemodﬁl:’
(captur be), a nn n r.ob bi t| on H8. 5 10
e 1o T T B AT o i Reriing et B RRP SR b PO R e ot
the fi r%Iasi%yléhhﬁtécﬁhh@mcﬂnﬁhpwabﬁdiﬂmhL(’PE@VD@“d’E_EBf[blilfséﬁéle&ﬂEﬂl ainBigh dto
50 niM wd 2 (T fer was used in the second hybridization and

was AP ng SERERLE 8?’ a"ssf-acﬁ sin( WM)*W@@R%F@&EM@ iglo 4 gas mixture
corres p%}@éﬂﬂ)r@)wﬂu sformihie g@hi&%ﬁh{d R&dtid réh‘:ﬁédi@ 10-1:18' felral AGRGEAH

(1nvitrogen, Carlsbad, CA) according to the manuf acturer's .

r ecomme mRlgFulssordcsher MRy praited speeirsq sk wiongit 2némlecRien fiagments interact
ti |
routi nel\n}{thaé §@€5§§Q 1Bé’ataie ln g cﬁ&ﬂl?e?%ﬁr g%'eﬁéhag Q)nl‘h{e ﬁx? f’ g%lgcf Iir{fti}'a%lfpns,

measur enent s mnimze th ect
m RNAs, eithat dighingpr dcpnsbmaprecdssesacbcedr di thei mbsltrate.t Sincevtte fosreatidnoof thel

e sol t|o and buffers 2paratl on and urf ces
GauBRr anfele B PR ek e OkS sDHRP B HaAr o8 BYCoRERR MGF pos plyers; the
r esi due sabstraeNt@nbe PiAitaineds ias ta, ldiuh @erﬁiﬁ:yatmes T Qa}fei'sl’ fdrmed &INPECVD are
Nanostriﬁé(ré solution_for 15 m,n, orou rinsed with D -water and
dried i ffrgederzed goed adicpipRdey P“'fl’@l?f%mﬁa §R CYCRES 8Br pifogmity.
Met al /i neadsqt OXd 6%d @hbdBithbdt! @ii‘@é’th&ﬁ@i‘iﬁ'er(?ﬁbgﬁ 1@9&%&%%@&@6’&?‘%}10% in the

"nano-M M') "devi ces were 25 fabricated on- | i con wafers

( coat ed RRGVD sthod ﬁ?@hwnufgﬁm@ @ﬁmaﬂﬁlqm@ym @xmg caipbg/used ehpieeres
(29875 1 2 O o, /Sl Bl P BB W il
two di f PEVCD metitod@ds be betveereabout 4{bse|c(mﬂs and 2 minutes, In one example, the time is
about 45 seconds.
[0069]  For the manufacture of the insulating layer, the pressure of the gas in the chamber
of the PECVD reactor is about 800 mTorr (106.66 Pa) to 1000 mTorr (133.32 Pa). In one
.30  embodiment the pressure is about 850 mTorr (113.32 Pa).
f0070] In one embodiment, the flow rate of the précursor gas oxygen into the chamber of

ﬂ'ie PEVCD reactor is between about 0.03 m’/s sccm and about 0.04 m*/s or about 0.033 m/s



etching (RIB) and (ii) photolithography-liftoff processes. The R B
process resulted in a nmuch better definition of the sidewalls (see
e.g. Figuneo 2p10n0kesr efore, it was enployed in the 30 f aprisgadiooonoss
process. Plasma enhanced chemnical vapor deposition (PECVD) was used
to deposit a Si02 insulating |ayer. Aﬁer realizing the bottom
el ectrode, a 5-20 nm Si 02 insulating l'ayer was deposited on the

entire fer..b he PECVD, net hod usi VWO S
2010/ 10407 pesrheSBraND RN byt R Ay e Do s eate o ERRS iWadr
as a SOh&fbdr@an Bk bbtwebn Akt 04 1A5inRS 8504 Y VHRS In JhEARHRN ey ARTLT
el ectrical- properties of the Si02 insulating |ayer play a pivotal

rol e i nTHHQS yeygbeph@h&@minf t he nano-M M sensors. Therefore, a very

conpact ho i.02 tur A5,
Geposi 1 0FL1;" BIRRERYS nElel AP the Bt o HEERE a5 o' G Stk reny
0.5 &/ minngleicesigguobesethy firsttnualechaith@obenaeds tor e @mo86d finifothe tapessirfaceaf.
By ellipso ri c ‘neasure tS, it s determ ned that, .under. t

Shove cORRPT P o TREPAS T e feat i Canta RiPg ok ke iiroRliss! fuaan
t hi Ckne?eﬁﬁ&ﬂlyt ReoRHg 4 Quéleichacic pRibkl fede thEisGE® 80 an Aleetradel & pbssible
phot ol i t hogr.aphy .process was . then perforned to pattern the top

el ect r od¥FOFE)} FlgHEH SkiprieRin eesd thessherirods ifiegr which surfacsothe mjiclgis agid
Ti (15 ppdveddiehd AdvaY W subfilteBto hipblen@sl &&i@ggapﬁt Q'}ef\é;@ﬁc@{slé‘&ﬁ:‘ae I fhe?

RI E charber for selective and conplete refoval of the Si02 l'ayer from
t he 10nd@stentid qyeling is vanfediyt irbvrangercEbetwesvalwut O tonl ¥. buere embindimeng

net al- | - i r chi_.ng,t i 0
Tayer, ahcheas kSl B EScR Bl i 8500 305 ZTENE o SAE el pgingtee
edges angatoob20myél d surfaces were obtained (Figure 5). Good
nano- M Iy uctures w.th e S 02 pnsul gting layer as.thin as. 5 (i
can eastt02be” Th abyPht BN EGH et AgnaRpe vl B e De
in the ab&Aceepasy tdl@nentrdCaatentd, ARitkide N&Oimastiony, nbtalpeciiRbll disclosed
[0079] The sensor_array, consisted of up to 1600 individual nanogap
sendor s hffeith Thugcior example, theitemsd ceBPEsRE o 2InGBdMesa fanaling's pigeshighde

was f abiifad@ansdiPardd Fitheld 1fitatioh! KadtGiIY, MWelbnROd' LR Ga8hS EiipiGfed
Si 02 by using staridard photolithographic téchniques. An optical 20°
i mage ofheepin havedpercnsed as taymsiof deseypiésn andinet oblimitatietl, wndithere 3andnfaption

Sensors ti+“| HRNRY o s&c%)ié%'%s {%ﬁ\@}xgﬁ%‘&é dt eF%}gtﬁeifng gl% Sﬁgvﬁ{ﬂ{tg Q'FM]G @:ﬂﬁﬂe{’ %%Qm

above, e roughness ottom go pl'ayed. a pivo
rol e i n anthdeggebédbonpmicenscheredfebutanio genpgsieasthat vafives afvdifaetonsstrd pessible

- f ' f th I l.ect d ined b
S S SRR B 5aE R B MEAGSEE BE LS e
thi s enposeneinvention chak GeghRpesfiqlly tdivlged By 3nefeiy@ lenbd8invedts an btional?
rim Plasma enh ) was then uysed

aced chem cal, vapor depgsitiqn ( PECVD
to depodfaurEhdn “P%ﬂfiﬂ Egn Pﬁ&@ﬂf}veae?fﬁgewb@flfﬂéébﬂaﬁmemeléFIP? ey
(TECS) wRaPRsorRa 18 t30MbsE siiféd fi tHeCAD MAAMAZRR MEBHLHDAS s8R NRBGE are
optim zed conditions. Ellipsonetric neasurenents showed that the

vari at i ¢ansidergl berithin theseongs thivipyentigan 0. 50 ri m over the entire

f gk. defi ks I ' t] h :
et 85, S030e G AR el il B 4ROeL I PR BLO U e
react i venatrowerspehiengnd Riigenat gospingdfailirgbeitiinube gendrivedisdpsugobleb form

| ayer as tural .mask.. El ectron ni croscopi.c og er.vat i.ons .suggest ed

that  shaPl S aiee aigh Hiis s e sipensscipyen of Bedryhation 3ab agrrecr

7). negative limitation removing any subject matter from the genus, regardless of whether or not
the excised material is specifically recited herein.

30 [0074] Other embodiments are within the following claims and non- limiting examples. In

addition, where features or aspects of the invention are described in terms of Markush groups,



WO 2010/ 104479PCT/ SG2010/ 000086 22 [0080] Capture probe (CP)

I mobi lization [0081] In this exenplary enbodi nent two sets of
capture preadesomediy di fferent sequences were used. The poT/daRi10R0@Ss
capture probe (CP1, SEQ ID NO 1) was a 21-base oligonucleotide with
a spacer length of 9 bases, while the2 ' reverse capture probe (CP2;
SEQID NO 2) was 5 also a 21-base oligonucl eotide. Wth these

probes, a full-length human protejn kinase B-2 (PKB2, 1446 _bp; SEQ ID
Ko " dfrs dlied e crecuTsedehee i e aigien 1oae Beisby dreerbed iy o5 ¢
of bOthaﬁﬁmdi*ﬁdhal)hﬁﬁﬁﬁr@*sﬂ%ﬂhﬂﬂﬁnfaﬁﬁer?b%@M@ﬂﬁhtgﬂﬁx probes hybridize
to the 5 .and 3* ends of PKB2, respectively. In brief, a freshly

cl eaned sensor was incubated in phosphate-buffered saline (PBS:10 mM

phosphate buffer, 139 mM Na l‘?ﬁﬂ\l Iy 10 containing 1.0
itIVl CP1l solution for 2 h aXPr‘oom ggﬁp%%%lé?@%i nsed wi th copious

amouit ¢o07) wehemicalsradd dratepidisi n a stream of nitrogen. At this stage,

one coul xpect. sel f-a l.ed nol ayers ((SAM of CPl on hoth ..
ol ect rodtuHf o hishfrmRa TN Aot Prob Poeg et aes Sisforprade by Sigma-
SubsequaTénbyys (WedHadd, T)vwad wsehieetaded Otidr MipsRehotiicakers P T Base
that woul d_sel ectively and conpletely renmove CPL fromthe bottom

el ect r odde L (Singgpasely Sdlethsrapageyts wengpurshased fram YigmedrdrgheSt lowes, MQ)
for Mgy ReddVeRRE. ﬁﬂﬂerlplﬂiﬁ\éat(idéﬁ P‘fﬂéﬁfﬂ%ﬂufﬁl}edasaﬁﬁ@'@ﬂ@,t £0 %Mzﬁﬁapl}a’lce

per
mv/s. Next, the device was 1 ncubated in sol ution contalning 1.

CP2 or baffer hil39 sdthNa$ipe? dtmMeK Chiwasaised wia@h (eaptuse prebehandodl Havmsaling

with DI ter. [0082] Hybr i.di i nd,det ect 0 :

i nobi | ip\g‘gﬁe?%m%‘%‘gﬁﬁ’na‘ﬁ h%:é?% H&ar@s‘g&o ~i$&%%t§-§féﬁ%§§ﬁ () pufer

g hg 20 m?lnﬁ%ap/ay\aﬁeersitﬁ@ﬁd]E hybrilitiofiand bysHinglbured: 208 "I\E;I_Béﬁ‘lf)e@:cc?ﬂﬂiﬁ%n‘%omf
. It of. the a (0] varil.qus, concentrations I n u er

A Tr | s PRAIMEE SRR E e vasnieinthe Sefand BobRdirARTY FROIE. MESRE

termini ek QLAGHR IRIARRY-BOR tHAidchOSHE kasRphRIMS nEAPA M FotarRRSwas
respectively. After hybridization, the device underwent three
st r ilAges&tpadigdsyping TRIzZel sagen (Irvitroges0Caabath §1A) Sropmdingotd mmadnufagiuser’s

and 0. 19 ' [ 5= 7 '

o1 ermue e AL BRRNL T fgh Snd Spicy ST RDRA PRe mhill SIRERAL f Bl
st r ands eldetrogiiokepis andeUWyspeitoinretiic mehecamants. o muigsnizé thegeffechef BNasxieon
electri (iﬁ‘e! slt%ilcl:tg %9%%9,9, diethyl ﬁyroca;bonate treated dionized water was used for all sample

<

solutions and buffers preparation and surfaces were decontarinated with. RNaseZap
20  (Ambion, TX). To remove any organic residue or remnant photoresist, the devices were first

cleaned in Nanostrip® solution for 15 min, thoroughly rinsed with DI-water and dried in a

stream of nitrogen.

[0077] Fabrication of Sensors

Metal/insulator/metal multilayer (hereinafter abbreviated as “nano-MIM”) devices were

25  fabricated on 4 in. silicon wafers (coated with 500 nm Si0,) using standard photolithography
techniques (Figure 2). Well-defined sidewalls of the insulating layer and the top electrode,
necessary for molecular bridging, were patterned by two different methods: (i) reactive ion
etching (RIE) and (ii) photolithography-liftoff pfocesses. The RIE process resulted in a much
better definition of the sidewalls (see e.g. Figure 3). Therefore, it was employed in the

. 30  fabrication process. Plasma enhanced chemical vapor deposition (PECVD) was used to
deposit a SiO; insulating layer. After realizing thé bottom electrode, a 5-20 nm SiO,

insulating layer was deposited on the entire wafer by the PECVD method using



by a sinple netallization step. The process consists of the vectori al
"collection" of silver ions along the hybridized DNA strands fol |l owed

by hydr oguwimenesausl yzed reductive formati on of silver paaReds10860086
al ong the DNA skel etons (Braun, E., Eichen,Y., -1998, Nature, vol. 391,

30 pp.775). Briefly, the hybridized sgpsor was incubated in 0.10 M
AgNGB in ammoni-a (pH = 10.5) for 10 mn After a thorough rinsing, the

adsor bed_si l,ver i.on r duced by 50 hydr oqui .ngne i n anmoni
(oh = GeBaetn B Rer ( EROS R af %.50MES s oI EuP PRI B The
2010/ 104\4&9&@%%@19&@&@ erties DEURS SIBLiBSuIANR ¥R play 9 ﬁh%iall @4le in the

visualize the formation of silver nanowi res, a silver "'enhancenent

pr ocess RREOMaREE P& ther rpneMIM spgroess Thetefose,on werp Foatpaet and rhomogerssus §ik
SEM . PP ! - 3 | .

bt | AR WAEPR G melionleda. (@kp S of fion drkhich € 8 MBS {Br B0 roges of

and 3. 0 200 lagaux enfi D.Sdnein, respectialy abafchambdripitessud. &) 859 mEore was e, Biyd

appl i ed gnto the 'sensor. Usuall: -10 s suf.ficient to.for

ooy RsBPERE ORRShanE Mot eitaneSmat iogh e ot bol Pissieee v

Fabr i caton Qlkd.gﬂﬁﬁl]aﬂhtﬁdﬂ;ﬂtﬂ!iﬁitg naizgﬂﬁﬁdkg;&s roaaqgapr%tﬁewi iﬁ.&uﬁél\t/thf&IFVg'uféu)t he

sensi n rqQc re_.are depicte n I gure . € nano- was

fabr i cgtsgﬁ,garaﬂ’gP@hgmﬁr&HB\ﬁﬁPé?sﬁtWﬁs n W‘gmsq 19 PRisFmEnGoP €igRirpdg doligved

was  sanahyi LR thab Rt Pueri@iof A (186 k) 6@ lal 71 (§5 A6t G8h¥RnAhyer WRESift-off,

I

(conductors). The 5i02 insdlating layer forns a “step" or "nanogap"

bet wben e waienpaspldcadia AU bamiten for st modiecampenpnersl ofthedigy aves
robes ' .ent tary.t X ]

Phe t ar ot (Y.l EHER poRGRL BDRRDouEAT LAY, B i’ Ged. e WPl I st

nanogap abtedtdsea beelk-dafiped riR o raicidng diwo SiOw bayedi andt indorosznpic observation

b 0t si | ' f tion, t ' ! .
pat hviy D &5 ORI S B o s eoih s B ofidiped rigure
hybri di Z&odl ddaoNMIBV Gapitires WitlD BRSSiOd dnsuditingagkg EasaBin0ss 5 trhe cat eily be

fornmed hetween the top and bottom el ectrode and thus will not
contls bt RCasd INEER AUSHRE BRI HEopls e STORATETHORBECERY  al ¢ o

the feagogi tgeﬁgoraﬂl% 2Bdkigach is to have a nom nal . background
current, which shoul'd preferably be several orders of magnitude

| oner t HBYVH he TP gamtor gempr eansisteds ofopp A GEP ipdimidypl aeytogap sensors with-a
general , G : S ' LI . |zl .
dhair go. Q5F FRLY E6 R AL iOUEO R Han bR R R Yos Mbriceed AT EP o8] sicon
common ahigawith S§hemebattigrade: busmagstandsrd phojolitiagrapdentectsiquas. i Aonoptical
purpqQse,. an a

Ub2P; R Bk s R LG 425 oG SRR P B o)

possi bl aydsodhbai ilCFifite NS aheadlyahéitioatd QPove] @ titigBrest QO Biitdas igbl
this process, it was possible to fabricate the sensor arrays of

di f f er erflechage played a pivotal role in the performance of the nanogap sensor. The characeristics,

such as surface roughness of the gold electrode were determined by performing AFM

characterizations of the gold electrode surface. In this embodiment, the roughness of the gold

25  layer was well within 2 nm. Plasma enhanced chemical vapor deposition (PECVD) was then

used to deposit the SiO, insulating layer, using tetraethoxyorthosilicate (TEOS) vapor as a

source for silicon and O, as precursor gas under optimized conditions. Ellipsometric

measurements showed that the variation in SiO, thickness was less than 0.50 nm over the

entire wafer. Well-defined sidewalls of the insulating layer and the top gold electrode,

- 30 necessary for mRNA bridging, were produced by reactive ion etching (RIE) as described

above using the top gold layer as a natural mask. Electron microscopic observations

silggested that sharp edges and smooth gold surfaces were obtained (see Figure 7).



sizes that varies from5 to 100 nmw th precise control of insulating
| ayer size ((1.0 mu) with high device uniformty and unlimted

scal abi | i two 20487184479 s known, the norphol ogy and el ect r ipcalsGpoopengd es
of the insulating layer are critical for desired performances of the
sensor. 30 For exanple, for a 10-20 nwthick Si02 | ayer, surface
roughness was found to be about 0.5 nm (Figure 7). The | eakage

current .f -‘conduct ance .the bl ank sensor chip) was found to be in
t he ranééégr)bs ab@gmﬁ?@%%‘ b ?@&S, al so at an ‘applied bias of 1
V. Thi s [e06811 e meh this ¥EmHli-) brhBddinmEho Seld T QH0RGB6hed wvithourftrle@guences
current ron%hed sqgse u ntwgé)pl Ec&i}; ons of this device in nucleic,

aci d det"&€e PHf: Thod tanfee PPEnES s RHEID N2at) w2 §lobrso plispsmicleptiden
one set vafh 4 §fac&ABIH 6f PHARE IRt P rBRr@hftald HEbY(CPITBRL! I788: Hwas

one 5 of the two corresponding el ectrodes across the step forned

bet wéen alseed 2bpaseneligenedieniide| Withrthese prehegua dull-leapth hvymast preteimisingse, B-2
10- 20 nraﬂgg olyWkt Qn., tr e e'gE@&[b' i i e e 4
needed. I 2’ sl%i %%%&agE\%p@ I(%Iﬁ(')tl cgqup({%?:a%éste I E‘%stﬁ egtrnléoﬁgll (@%{%&yBWA' e
i mpossi lharatteristics efbdtl cagipde\prdtiee arcamique forP B2, and ithe prolesdiybedize to the 5

particul ar el egtr ven with the hel f.a robotic spotter. .
Do { unatBiy? Bt ot & K eahetiiely. dB el FyPehB MBS rea By ez mggpated in
el ect r oghgipheRLbuBterddalinI(PRSCIINhRL ShosPitatd befdrd £30inhe SaCE \ehd @7CRM ECI)
few representatjve devices were incubated in TE buffer containing 1.0
AM fPuorcepriine 1-8sef 641 salugen fopRAsatrpom terapeptues, spsedreiin ponioRs ampuphel
Fl uor esganGRed TRYribd il h et dPRerobkdn. 'ﬁ&ftﬁiggi%rﬁ@,gfnet&ﬂfd &bt SRS mbled

formed excellent SAMs on the surfaces o ectrodes. To verify

t he sel enanolayeyrse DAM) off CBid1on dictlereledirodes €opr anchewitem) hrauigh pihind-gold
t he devi.g ! e | 3= e nen

target . AnaeehSl SebBaHAR e Yelids WS sk RE L AR RIS BRRAL Blal wou
Fi gur e kéEctiveBlandampidtsly penesertiP 1afom ie Hotpomed] entode de singletpoeentiairegeligM

devi ce nsor) ., judging fromthe .conplete dj eaf ance..of the

U8 o 53 TS pgcihal Suts viftorned e Eeart 'L O AP RETLRECH apsiin e of
al r eady 20066¢/3! Nexx, tteddvive wlsaadubade in hehitdhthtalnigal 08N OB for CR2at
solution would presumably result in the formation of a SAM of CP2 on

t he bot B &MeREIBElt Wap Tepdy afigradhergigtopashayiiyPhyatehcubat i ng a set of

the sensgigi N HybgditRididnb@ktes@ut i on containing 1.0 AM of FAM (green
dye) -l abel ed target DNA wih 1ts base sequence conplenmentary to CP2

and t he [09831| awdiesdmprohiligation pf EPhaasd SRy wartbe tworitctaden aespectivelgpthe
cel bt JARPP iR pAh CARE i gl PR Ple D ERACEEH A

sur f acewadbuscopa¢ntratibnsnaidneiffer (IHpakeTrieHEL bt @ 8L, 10hmd NaCi,hed 29 mM
first ti ai _nanoneter .resol utiaon i i mobilizatio S

Lehs evedDTAY Bhe BROS EimibiFs PSR Ranh ACPRy b0 80 shiie apobes,
hi gh surtspeativeby eAfigehybiidizition| MEDdEvidezfdetadnt tiree PtiigpafyanabhéNwith SSC
excel l ent hybridization effici enc%, whi ch’upave_s the way for the

devel oprfier 610 1M MaSle AgniYl spdiupnpairaterrarh iyl ‘a 80 itmsdodg @pifae:, 5-7 °C below
”On%ec'rﬁélﬁn@%%e%tbr@ﬁtoofbrﬂo@@ aﬁ%‘ lﬁéﬁsrp@éiﬁceﬂ' y dd36rbek %F%&Rﬁﬁy %%xficﬁﬁé?i MR

e . A
negligible as is evident fromthe véry cl éan fluorescence i mages. 30

[0090] Dteeds: Finalips thy hyyidizedipolpodeiqgcropoutha gapriveraimasieedactricgly conducting
measure W ﬁm\ﬂﬁrrﬁetmgzﬁioﬂ%feg.S’Fhet;ngceﬁ %sifs&rom \;égfomle‘%ollection” of silverions -

along the hybridized DNA. strands followed by hydroquinonecatalyzed reductive formation of

silver nanowires along the DNA skeletons (Braun, E., Eichen,Y., 1998, Nature, vol.391,
30  pp.775). Briefly, the hybridized sensor was incubated in 0.10 M AgNO; in ammonia (pH =
10.5) for 10 min. After a thorough rinsing, the adsorbed silver ions were reduced by 50 mM

hydroquinone in ammonia (pH = 10.5). The conductance measurements were performed with



the two el ectrodes in each sensor. Figure 11A depicts a typical
current-voltage (i- V) WD 2010/104479PCT/ SG2010/ 000086 25

char act er ived baogaawe for a sanple sol ution containing kclsicivanged
DNA, as referred to that for the background (control). At a bias

voltage of 1.0 V, about 2 orders of ni tude hi gher current could be
detected for the devices after hybridization and silver

metal lization. The re rg(segtativ.e urve is nonli nfealﬁ, which is |ikel
to be cAuBBHIHT iaﬂ?lg%%r o RS %ifemghior ot SHYRE manpyises, a silve
Nanow r @nhdRBath&R prdddssewahppiéd th Me daRPRIEIBNcahfiB R lelefbn WiiERLHBIM GEM)
yielded simlar-i- V curves. [0092] To verify the authenticity of the
r espons &Xpegineats; dbatols, abier the | silssrpion|sebertion aad aedustion oneite spasost 1.0 oyl
was repl M aptHr - D.. h

sanme | en 3b]}3ntc1it£h§€lﬂﬁgf&fe@\% (F:%é t@%%@%%ﬂ@%ﬁ%ﬁ%ﬁ?ﬂfw hgj's)
cor r &spoveds mixedeandi applied Ontof thPkBRsor. THa1aHy 15¢ 100inka wias suffivianh ite dorna highly

silver |\/Estb<’il| I.'vzat'i onicond(i)é ?E were all kept unchanged, No.
not i ceaBi*e &} ﬁb‘émﬁowrfﬁgn A ound current could be observed,
st rongl yoogapli cRedultg t hat the non-conpl enentarities introduced into

t he sysi&om ﬁreél udei the target DNA to conpletely hybridize with CP* '
and hen 8é._a.b = . nd the stringency washes. DNA strands that
do not fptyd%; di ARsiitidds b eneSRRb PRI Rhedlith iR geﬁﬁn%gﬁ_ﬁwlﬂggrevﬁéplcted

probably 15Tie flat at the botTom el ectrode, having _
conttPi bun Fighret& Thp aaeoWHNE wan Bbripated, Wertea hasemgter-gipk layeelpsulator, such

Flr L her DGR, Fuall EhePhoRbalk phi bF 60rugfly 00k 451 RRGL! G0, 000 1R

devi ce under t exac safre proce gai n,
si gnal &3, msdaetingehhyercfoming ranfstap” tdrdnasgaplbetoaen et togdi abdnthe bottory i metale

from accjdental bnri.dgi ng of the.,nan due to uncontrqll ed

e oelsrEots? on pitidP wiEs-Blusk BEobRo B TR se ot emsita da the g
[ 0094] Fermadiloy the tarpeBBNEE redpeatibely, weheininsipad] Biigging 90 it hadgal by bR
Ionq t ar get %IA fo exaggég PKB2, across the step could contribute

to the JFEHAINAEEAG. yipen hybrdizatiopand subsequant silver @apyire fapmation, creates a

prei mme,hhiaaeeurw%manmlgo(mgﬁ-wq?ﬂy NeARb#bRnRhAPE DN XEdtfndd) Q00

with the target sol ution and en fol lowed tHe optim zed silver

i on col hgerdighwidh therrantig probes dawot bridasrasstithestep fomaedabriwernethe fopaangd
det ect : ' . oo

of the. Boffor IRAAGIC Al TR BR Sotitifc ithe GRRARDLRBF b Mo it BRtddeY.
DNA- t enMitat ¢ tHeofeasbilityh ob this iapprerchn@ntoviiave s Beminhlebaskgraind gerrenta twdich
t he ,conduct anc tween the nanogapped,el ectr,od i rimar,l

on 2R oo AtSAE Befertiy B Sh oot Sk SFABRTRAE S B8 TR il s fithist rer A
top and ok R&Abiidguig. dh @ericral(ithe (HackgGindPurrediie piitlagly diR. th digRlinddPcharge

nmol ecul es bridized, the nore the si]ver nanowires are
cam@é through 813 msuqa nréolayer in %1(: relatively large common area of the electrodes (5

pm X 5 pm). For demonstration purpose, an array of seven devices was fabricated on a 100

mm? substrate area (Figure 9), although a higher scale of integration is possible following the
25  same fabrication procedure. -
[0087] By using this process, it was possible to fabricate the sensor arrays of different gap
sizes that varies from 5 to 100 nm with precise control of insulating layer size ((1.0 nm) with
high device uniformity and unlimited scalability. As it is known, the morphology and
electrical properties of the insulating layer are critical for desired performances of the sensor.
.30 For example, for a 10-20 nm thick SiO, layer, surface roughness was found to be about -
0.5 nm (Figure 7). The leakage current (the conductance of the blank sensor chip) was found
.to' be in the range of about 0.2 to about 0.8 pS, also at an applied bias of 1 V. This extremely



30 expected between the two el ectrodes, thus the higher is the
conduct ance. Under controlled experinental conditions, a sinple and
st rai ght f qvweddiddsrvear rel ati onshi p bet ween the conductpangez@ddodode
target DNA concentration can be expected. To construct the
calibration WO 2010/104479PCT/ SG20104p00086 26 curve, inultiple
measurenents were carried out for each concentration to obtain the

aver age,of the conductance. [0096] |ndeed, as shown in Figure 11(B).
and Fi giit'® Egsageo%rae& R 65 SR D PR AOPD 8 Wis devigs 1 Gislpig geid
i nCr easqeMtdidh. an i ncrease in target DNA concentration. This 5

concentr at.i on-dependent conductance was correlated to the statistical

nunber 69088 | vEantueedisobaes dmmpbiligalipthet ween t he el ectrode pair. In the

f | pea ' i |
o o L) S MRS e By i s ol

el echr og€dhe Azo tchrzespomiimg tlecttaden aofoss dhregstep Edtfnednbetiiecnt éhettos ahditbiotom

i ncrease re..DNA ands bridjze r,ass _the step, ich in turn
enhanc‘egfem‘g&nMF f)(p[)p a?tF%I Wi’ﬁiscﬁngﬁ' i oh beé?lﬂwé’.f V%ﬁ&@?““e probe
opti m z@dmebitdhtidnopdcedubtist ideged. TINAsGp whteveyiantichiobdondeYit GE bacti@My
in adynamc_range from1.0 fMto 1.0 pMwith a total analysis tine

f rom hyBRPeFsPlg fogHrecy gl &g GituRe Probgisphitian 60 mpastiplar eecieds, cven pith
Thi's sengd fdly b ¥ rbbotic QPORE: | i

el ectroc hel?ﬁllggF[ é?b;oqlt ?_l cal aﬁrglg gﬂﬁ!s){’)?]gc h?%%ﬁg‘r“ \?ucce,sbftﬁgﬁ '%ﬁoon&!)lll—ls.h? d %6’% :
Phy30 Relectrockemical stoppiggtechyique. Nlo pravddel dizect eviience cyfewsspresentative devices

o AR oy Al O g SRy

ref | ect steheRefemirgatol the flegeseancefimage i digirdilDB] yt Bfapplentcthat GPe ipdade

i mmobi | i.zati.on, hyhridi zat,i on,. silvyer ion collection, and nanow r

for mat 1 et SRR AN £ biegRispces of Bt Biferpien & Ve snEifeooq phoval of
dependi ap1pafiérfhbe leRpgbdhemical BeipfiaBethet dvicsh Weteincohdal (HEhd Bydliibelel
were_nore sensitive p'r: glll)‘gbl y .due to higher hybridization efficiency),

wer &3 ac FPEhismertany feget anbexamiped Prdst 8 fHOEsHRISE MFPstoPeNAD shawreIn Figire
W th |itbbecpl aeki Sdelbd HeABp Rldchodd f i isHhZ ffal

time. As seen in Ig{ﬁglul?rve e11( B), a? tﬁeoﬁéi g‘#hgé’ﬁ{é‘l’;ﬁ’%lﬁ' igvéﬁygﬁlgggf ﬁ{d%@@
cal i br afijosn they completehdisapppaienceank ther 8nersensness ahithyh battonmi di¢ctrede ndines a

relat] ve Raanaeor CF BUEE ) ISR G McubBl 1y LRURARER Wil prd

bett er stlahomwyuldipnesnmeable cesnlt dathetformesidn of k SAN af €12 o thedsdtomTdléctrodd

h i | _int itv.is.majnly d i gni fi I d ...
bactdr od i whialrobirniba by uFRhdhak UF of o Jeofih e EE bulte GlHEE Fappaining
(nanogap)o sMNEEF AlMh@reen alye)-labdled brgst TRApPLith &k Beder RYGMce dhmpledentary to

produce conduct a t 1 1isienens | evels but, on a huge background
of submerdhe Eéfg'ﬁ%&f%ﬁéﬂf*wrh o Rate) seqpenge complementary)igaisP L. Nagrse 10D
Lett., yRlvides aﬂ@x&ileﬂﬁdsﬁa?ﬂp’%of th&1GEAs }Hﬁ.ll;ibiﬁq? Bél@&%lyﬂﬁﬁﬁibil?z@%aﬁMs of two

m crostructures where all target DNA nol ecul es, ybridized,

| oosel y dif&uent capinee paehes e dher suckapesyofadeai dfaunometar-siaput deqtrgdesy dhis is the
CONgHCt 436 ikl ol Rarfiele GesoliBn IX THEN Satnd BBAE L 9@{%&@9 Offlion! HR"
t he uni que vertical nano- structure (sensor structure) an e

t wo- c aptflucresqanod énagep sangly sugpests & hight $urface dovaragenel the dingrobilizeld tcaptundD

2010/ 10%?(%%5 g.:nT aSnGer%é]?e/nP}%%% ?zaggn efficiency, which paves the way for the development of

ultrasensitive DNA sensing devices. Moreover, nonspecific adsorption on the substrate or the
electrode surface was negligible as is evident from the very clean fluorescence images.
30 [0090] Detection of Target DNA

[0091] Two terminal electrical measurements were made across the step formed between

tﬁe two electrodes in each sensor. Figure 11A depicts a typical curmrent-voltage (i-F)



a level conparable to the instrunent noise in DNA detection, since
bridging is attained only when both termini of the target DNA

hybri di ze wo bthioitn@rcapt ure probes. I n other words, to @genrsGat10/080086
conduct ance increnment, the target DNA nol ecul e nust be "hel d"
vertically by the two capture probes f%r oss the step (nanogap).
Target DNA strands found lying at the bottom 5 el ectrode have very

little effect.on the conductance.. I n pr.inci .. detectjons of target

DNA St 1 SHIBIEsiSuns, OF & SHaple faiclie FolNBER0 PV Bret PN A ds rolered by
W th a bei#bbaddgrokidd (Ebhtrol)NAE R b1a8 VElkagdloM Y vahdouk D QYder8MNASenith8ORGhd0
eval uate the Cagﬁgél ity of the proposed procedure in discrimnati gﬂ_@

si ngl e- [s4E@At Gou defe¢tabfyr, thedevigessafton dubridigetion sud: vilven petallization

of the t hng 1 I R0y A ﬁ;gg; ' ' :
so t hat §t eelﬁggvg%@%elssh%?lg&é’i %gf%g-%ase- mﬁg-r%é:{% e; t% g dp%éé%grrga uﬁ'ﬂk&
tar gt Didistanse id tile pilder inhnwvass. TEvivds frhat atag thanohdetvant alentical dreatntests
for the Se?gll devi ces, were <4% of those found with the fully .

conpl emeh W“&Wéé'(ﬂr‘éﬁre 11C). ‘That is to say, the detection of the
SBM nut §0092ns iTs ey thel sithntifityt bEtherreoaay andediee df tenti telp@in®aM were
sel ectivi t%}cggc#_or 8f at least 25:1, nuch higher tha*n t hat of the
opt i cal cARdIctedr Fag> CHE WanErpased ok peethir@pisupiope (s QDG ca of the
Agai n, Qs 1dngthPbR Rabiny ;%eﬁtfelll bies M&{.Earﬁﬂleme&ﬁ fﬁgﬁ@&r_wapmdi&gh@mﬁmp

(nanogap), which practically elimnates nost of 't o
noniBybof AR i Bie hylridizatian,cwashingh and cilyer rgtaklipatiom ¢pndifdensuwenegall kept

back . : ) , N
cont 11 baranEEE W7 aREHRE AR e Vbbbl HRIAF G e Wsirved. roney
cont ri butdicing th@cthemon-cBinpleearities- infiSduney) danihe IsystatneprectEdiSMhe Barget

and Sca re the conductance f S DNA ackgr.ound,.. and t he
o) oA cq e e BERE §aR o ant Mokt S G i i EM ey wastes.
Backgr omNiA eemidsithdtido @t EyHidRR Bt thSeastink/prabsSRMhS WVEIBI ode Wil pradably
seen_in_ equation (2), the background contribution to the_ SBM .
sel déti Wﬂ&?t pighep elpeltpde; hpxing e cantebyliopo thesagusisnse oAthsidgyics ataing
amount ghodshe FushGiele, SLuRpld Vil Makls buffed soldfon Réast dpefedBMd the device

selectivity of hybridization-based DNA sensors can only be realized

when t hangerwreerasily the sareq)piogedyres Againmnodetentatie s zoserrs St godiosss
28 [ 009 h | IR0 WAS e r . Qn j

chi ps eg%%se ]%oa#ﬁ%{?g%??%Pﬂgﬁ%gu?gﬂlg?%f%%géﬂﬁgnlhgfgghgbgﬁggﬁg%fo
DNA sanmnemtipBed)enhended{eB) of thé silviensegdsfoaned ahogwheicapthiequotes13.. It i s
seen,th e sili.con oxide.surface of the sensor | p, Shqowe

vr <21 o T340 o FinltGl i AR F ForBpec S oBORER TR 1ohe BRI A, or
Wn: lje i’ifekaﬁplsiﬂm, aﬁﬁ:@ﬁvﬂer@ep&cﬁil Rpaﬁmﬁ'h Bm.tobﬂi&esri]@ﬂptm Qlﬁ@lt&t}?eﬁ‘dﬁﬂt@ﬁhly
gol d el ectrodes .were obvi ous roughened by the presence of the

sil ver ﬁgﬁ%?/édﬁ‘é‘{“"‘ér PIAPRe ‘%ﬁféﬁﬁ’ﬁgr OnEIEP eRFRtARY © JphsSs Waret Fophated
the agglaieirt tafRt PINA h8nSBR fahd RGO WIS (thé %ﬁﬁﬁiz?ea(s@:ér- joRQdollection and
conparison, the SEMimage of a bl ank sensor c |@ is represented as

Fi gur e mep@yire foppatiny proprdursssBierabeenceakany detpgtabte chargeda serduptapescfarther
shonk C%&%ﬁﬁrfed%@&ﬁﬁ?iﬁg’o%ﬁwﬂw%&e&@ii Rsw 11 inevitably aggregate with
(0} e Ssiilv

t he "grom r - nanow res. -~Anot her ‘possi bl e reason nmay be
t hat t hg0@fsdr whlithdingothysnbyhpidized dDisd4gbmplatedt foomatddn bfisilwdr | nsgowires as the

nanowi res occurred with the concom tant shi el di of t.he .negatjve '
Char ges St freta e sndaat RO AE kg g uBtes i BrBany slebeden:
nanow r enf e Miiben of HROsReN daridotbres [feiddOsd@EdnCthe &byl lafidl Gl BEtINE RIkctrode

adj acent capture probes. The_capture probes are supposed_to "stand"
on t he dgql@glgg)r The-worg the-target DNA molecules hybridized, the more the silver nanowires are

30  expected between the two electrodes, thus the higher is the conductance. Under controlled

experimental conditions, a simple and st’raightfor\.rvard linear relationship between the

conductance and the target DNA concentration can be expected. To construct the calibration



15 to electrostatic repul sion between adjacent strands. The shiel di ng
of the negative charges with the proceeding of silver formation | eads
to the aggregabhemof the DNA-silver adducts. The capt picgsgrelasioso

| onger stand on but bend down to the gold surface. Therefore, the
deposited silver was likely to take o an uneven aggl onerated netlike
configuration other than independent wmres with clear boundaries. o
20[ 00101] Fortunately, aggloneration is.a desirable feature: i

devel opiCHEY e INPERPTSLTEIesis, WeE CamoR PBLIoA S7 SAPEFRTAHRN (o Pbipi.inp gverage
al i gned oftiRRohdiROMEEP) €l ectrodes because. it facilities the formation
of two-di nensional features on _the el ectrode surface instead of

t hr ee- dilA93i ofsleed, caft shraven i Higuret HEB)Y gpd diigure r Pd econfugianseybatwersc theg
h e 00 ori dai ; . ;
poss, b S pode Y el ML Gl B ol inGBRE 15 SBEO PR TBkoBAIA0 This
[ 00182] chheentratiophisperglgniotondvetantd wers whephsidt &d thet stahigticabmumber iof silver

distinctly differe fromthe. wre-like sjlver d sjte _the .
compl erdtesptes RATR o B il eltielofe i Tolos e el BBl Palk bicentration
condi ti gag., 1F Oy, enk3D)few Aopico2en pyRidlgtiydridiet ahil g:uiﬂFe 18he erepabmeskd
that, indeed, thereqogre SOH‘; silver nanow res_vertically aligned

across DRRVeER & cletrodes iAelny Brrageien phieracshd Sbde e Erkeqlvtiptieigcreases,
gener at infiffe HNYL 318 BYBriBEEEdrbdsGRE st8h, INALh inl AR GRhndl ShSRAREYr of parallel
referred to herein provides a novel ultrasensitive sensor array for
t he 18et erdustion pathiaysy Wnden optimizsduionditions deg taoget | PNAL canf be quatitatively
hybri di LR.: Thi ;[;P 4 SGERO0LQ/ 0 nSd td Vi

i's anong@%ehtgalbnésdtﬁ' dté)? e e%?éﬁoﬁf:réﬁl 2@ ei{(:) g@i éabgggeﬁggggﬁﬁﬁ%rthe frém
di scl os dgbiidizaioh dd detecttonomelt withini ueingfer sdnwsomchipm -THiMessitisity iscronpernbler
array that, can b ss.produced .usi,ng conventiongl,, hi.gh-yiel

Fabr) catt o B8 RSBt EEInpa iR Phang P Bt Bigualion Phys.
except i %ml Lat.,gmd 189,: anft.eNej Igsﬁazgd TX cephrdssibh coEfRBRAICR? didee iréThtiva! st@dard
wer e _5 obt ai né owi_ng the present process steps, the sensor, .
arrdy c&RAHsop mE&’m fww%for%ge@a;anﬁngeo% FeSRRATVEl; Aychy sieapigerigtions
target Bt tHOQumAREPE ®EfedYsf Qgﬁaddcﬂﬁki Noft fieS cHftile pRMBe PBnmobilization,
especially beneficial where rapid, parallel DNA anal éSI s i s needed

(e.g., habridiratiorcsibier janneplisatione gadh sanaydeesiormetipnnytens. Slghtlyslosigr idefgetion
expr essi f4 hi iNt. - e ' | .
Cz);gt ur ell%?g%%fjﬁ%g gﬁ’ idg P’tnpo r%r}?iot?lg I]iﬁ%{hdo ef?@éé%%n%ﬁ{h*e%@%g] Jn?‘ﬁ gg‘%%g]\'d/’]em' 3)

exper i neversmoesf sengitik probabie daetodugtieo hytwidiZhign efficienty, vetd azhiemgblaafter a

enmbqdi nent . .usin nsor.,. of ese i.nvention for. the .detectiqgn
of R ot 3Bt RERAGRGAH of #% RRESEM it PRI eRiGeblE BSARE ot B
met hod asmg Hyleilizaded time. Tebkeenlin Fighdk0b](BY, 241l the highNdohaehiatimi ehd of the
sequences.used in the RNA detect

HS- ( CH2 Bl BFEsTORCRIE!SA wfegoﬁé‘%g%ﬁlg%‘imgﬁﬁ’@ém%ns 1.25 x 10° times higher

than the background, which translates into a relative change of 2.1 x 10*% per unit

concentration, which is far bette_r than any other electrical transduction-based methods. This
25  huge signal intensity is mainly due to aAsigniﬁcantly reduced background conductance (<1.0
pS) achieved with the vertical step (nanogap) since other nano- and microgapped electrodes
can also produce a conductance at millisiemens levels but on-a huge background of -
submicrosiemens (Moller, R., Powell, R.D., et al., 2005, Nano Lett., vol.5, no.7, pp.1475).
[0097]" Unlike planar nano- and microstructures where all target DNA molecules,
30 hybridized, loosely bound, and nonspecifically adsorbed, contribute to the conductance of the
device, the extremely low background suggests that the unique vertical nano-MIM structure
(sensor structure) and the two-capture probe approach significantly reduce the background to



BRCAL 3'- HS- (CH2) 6- GGACTATGAAAAGACCTACGGAG- 5' SEQ ID NO 7 His4 3' -
HS- (CH2) 6- TCCATTGACGTAGCGCCTAA-5" SEQ I D NO 8 Anneal i ng probe
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mismatch (SBM), CP1 was substituted with capture probes of the same length but having .

y

10 only one A-T mismatch in the middle, so that the new devices were single-base-mismatched
to the same target DNA. At 1.0 pM, it was found that the conductance increments for the
SBM devices were <4% of those found with the fully complemenfary ones (Figure 11C).
That is to say, the detection of the SBM mutations is possible with the proposed procedure
with a SBM selectivity factor of at least 25:1, much higher than that of the optical microarray

15 and most other previously reported methods. Again, this is probably due to the vertical
configuration of the step (nanogap), which practically eliminates most of the non-
hybridization- related contributions (background). Assuming the background remains

unchanged under all circumstancés,. its contribution to the SBM selectivity can be described

as

20 )
Background contribution = (Seomp + B)/(Ssem + B) - (Scomp/Ssem) (1)
where Sspm, B, and Semp are the conductances of SBM. DNA, background, and the
complementary DNA, respectively. As Seomp > Sspy and B < Sspy,

25 '

Background contribution = B{(Sspm - Scomp)/ (Ssem(Ssem + B)) <0 2

As seen in equation (2), the background contribution to the SBM selectivity is always
negative. With a high background, a significant amount of the mismatch selectivity is lost.

30  The true SBM selectivity of hybridization-based DNA sensors can only be realized when the
background is negligible. '
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the formation of two-dimensional features on the electrode surface instead of three-

dimensional features toward the top electrode, largely reducing the possibility-of step
bridging by the capture probes and making it poséible to read electrical signal with high
25  signal-to-noise ratio. '
[00102] The morphology of the silver deposited at the control is distinctly different from
the wire like silver deposited at the complementary DNA hybridized sensor surface under
identical conditions (Figure 13D). A close examination of Figure 13D revealed that, indeed,
there are some silver nanowires vertically aligned across the step, effectively bridging the two
30  gold electrodes, generating a measurable electrical signal.
[00103] The sensor refeired to herein provides a novel ultrasensitive sensor afray for the

detection of DNA with a femtomolar detection limit after 30 min hybridization. This
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brimngi ng the target nmRNA onto the bottom el ectrode (Figure 14(D)).

The pol ¥(§061\)07]t all‘l'.le ?)];optoge% Q p?ggcﬂlo%ell%ligﬁ%g gtre\p!peesd gigctrode arrangement to detect
mRNA involves a pair of oligonucleotide capture probes, namely capture probes (CP) (SEQ
ID NO: 6, 7 and 8) and annealing probes (AP) (SEQ ID NO: 9), for each target mRNA. The -

characteristics of CPs are unique to the representativ'e mRNAs to be detected and have

20  similar melting temperatures. And APs (Poly (T)) are complementary to the poly (A) tails of
all mRNAs and have exactly the same length (SEQ ID NO: 9). To have the high;ast capture
efﬁciéncy and the lowest uptake of non-hybridization related mRNA uptake, the two sets of
pi'obes are designed in a way that there is little hybridization of the mRNA poly (A) tails _
when target mRNAs are being selectively hybridized to the capture probes. In brief, 2.0-ul

25  droplets of 1.0 uM CP solutions were applied to the 5x5 array clusters of a freshly-cleaned

sensor array chip. After 2 h of incubation at room temperature, it was rinsed with copious
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the stage, the poly(A) tails of the hybridized mRNA at the bottom electrode further hybridizes

with AP on the top electrode, forming mRNA “bridges” across the nanogap.

[00110] Finally, the hybridized mRNA strands across the step were made electrically

conducting by a simple mRNA-templated formation of silver nanowire alt-)ngside. the mRNA
20  bridges as already described above. ‘

[00111] Results

[00112] Sensor array fabrication

[00113] Illustrations of the sensor along with the sensing procedure used for the detection

of RNA are depicted in Figure 14. The SiO; insulating layer forms a “step” between the top
25  surface of the top electrode and the top surface of the bottom gold electrodes on which two

capture probes with different sequences, complementary to the 5’-end and 3’-end of the

mRNA respectively, were immobilized. Bridging of this step by the target mRNA strand,

upon hybridization and subsequent silver nanowire formation, creates a primary current

pathway (Figure 14, A-C). Firstly, vital to the feasibility of this approach is to have an
30  excellent insulating SiO; or, in other words, a nominal leakage current (or the conductance)

of the blank sensor chip, which should at least be an oi'der of magnitude lower than the lowest

signal generated after mRNA bridging. As described already above, the leakage current is in
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[00116] In-addition, the fluorescence images strongly suggest a high surface coverage of

the immobilized capture probes and an excellent hybridization efficiency, which paves the
way for the development of ultrasensitive mRNA sensing devices. Moreover, non-specific
25  adsorption on the substrate or the electrode surface was negligible as is evident from the very
clean and perfectly confined fluorescence images. _
[00117] Figure 14 A-C show step-by-step of the working principle of the biosensor array.
Two monolayers of CP and AP were assembled on the bottom and top gold electrode across
the nanogap, respectively, acting as the bioaffinitive sensing interface (Figure 14(C)). The ‘
30 interaction of CP with sample mRNA forms a duplex, bringing the target mRNA onto the
bottom electrode (Figure 14(D)). The poly(A) tail. of the hybridized mRNA serves an

anchoring site, providing the requisite local environment to facilitate bridging across the step.
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ni RNA due to the "existence of secondary structure in the unhybridized

r egil®ns nanwgviees avere proxduged alongsideythethybridized GAPDH strands via mRNA-templated
silver metallization formation during a subsequent incubation. Typical i-V curves of the
biosensor after silver treatment are shown in Figure 15. For comparison, Figure 15 trace 1 is
the i-V curve of a biosensor in which the bottom electrode was coated with non-
complementary CP (control biosensor) after the same treatments. As seén in Figure 15, a

20  considerably higher current (conducté.nce, at 1.0 'V) was observed at the hybridized sensor
than that of the control. Extensive washing and- voltage ramping between -1.0 and 1.0 V
produced no noticeable changes, revealing that the silver nanowires are robustly bound to the
hybridized mRNA stands between the two gold electrodes, effectively bridging over the step.
[00120] It is expected that the hybridizations of the target mRNA to CP and AP resulted in

25 the formation of vertically aligned mRNA straricis across the step. When the hybridized
biosensor array is incubated in the silver metallization solution, silver ions are concentrated
and aligned around the hybridized mRNA strands through electrostatic interaction and
chemical bonding. This high silver concentration around the mRNA provides a local
environment of high density of silver nucleation centers after reduction that facilitates a

30 predominantly formation of silver nanowires alongside the mRNA strands, offering the much
desired structure for high conductance, The thus foﬁned silver nanowires in which silver

wraps around the mRNA template is utilized for mRNA sensing. A sizeable increase in
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were used in the sensor preparation. As illustrated in Figure 17, the dynamic range for
GAPDH 0.5 fM—10 pM with a relative standard deniations of <10% and a detection limit of
25 030 fM. Compared to previous direct mRNA detection procedures, in the proposed
procedure, the hybridized mRNA strands are forced to line up across the step gap, which
greatly enhances the bridging power and the response of the electrical detection, and hence
the sensitivity and detection limit of the biosensor array. The sensitivity now is determined by
the density and diameter of the silver nanowires which in turn determined by the total number
30 of aligned mRNA strands across the step gap. Hypothetically, if silver metallization and
hybridization efficiency remain unchanged for all mRNAs, the same signal intensity

(conductance per unit concentration) and detection limit should be obtained. However, it was



[00127] The PCR-free sensor array described above is sinple,
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on the conductance.

[00126] With the much improved sensitivity, the sensor array allowed it to analyze mRNA
expression in real world samples, total RNA extracted fiom HeLa cells. Expression levels of
the three representative mRNAs were determined by the proposed biosensor and by RT-
.30 gPCR. The results were normalized to total RNA. The results obtained with the biosensor are
in good agreement with those of RT-gPCR analysis on the same sample. The relative errors

associated with mRNA assays on individual miRNAs were generally less than 10% in the



The sensor of claimany one of clains 3 to 5, wherein the first and
the second el ectrode are made of the sane material or different

mat er i al s.wo 4o/{eaadne sensor of any one of the precedi pgrglcasiiBenoses
wherein the el ectrode arrangement is arranged on a substrate. 8. The

sensor of claim 7, wherein the substrgte is a layer of a metal oxide.
9. The sensor of claim8, wherein the-substrate is a | ayer of

siliciumoxide, 10. The sensor_ of a% one of the @r_ecedi ng@:l ai s,

wher ei ncenseniraiion rangerRf 3-8 toZ pM. dJuerefre it aligyymesidensify aIRN4s it lgss.
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12. The adentageousfbeeanse treexpiesgibas of Matjooflthe mvse irdenestingenBlidstaften aliffe

further .. anged a, 15sem conducti ng, |l ayer. 13...The sensor_of claim
12, whet Bty PRisr dRierod, Sogens. D TR R ASOH AR T § A prcuricy n the
si i 81 updenffidafion bhdiffeidisially exprasayd RN A anldnatsidedesh theg nebd fdfSunning too

wherein the insulating |ayer itﬁ made of a material with a relatiyve
)
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i s independent.l].y. selected to. be between .about 50 nm to.abaut 500 nm

VO 2010% ZPE%%*%W&WF )(%gecause it minimizes sample mampqlatxon, integrates direct

hybridization of mRNA to signal generation. An assay that directly utilizes total RNA

minimizes the inevitable sample losses in more complex protocols requiring RNA size

fractionation or multiple purification steps. There is thus a need for a quantitative assay

15  capable of measuring expression of all mRNAs simultaneously. A quantitative assay requires

that each step proceed in reproducibly high yield and be insensitive to small deviations from

the standard protocol. These goals are facilitated if there are no ampliﬁcatioﬁs or minimal

separation steps that can introduce sa‘mple-dependent variations and if both labeling and

hybridization reach stable endpoints near equilibrium, minimally dcpchdent on reaction

20 kinetics or concentrations. The proposed array allows hybridizations to proceed

. simultaneously and far toward equilibrium under practically identical conditions. And the

similar melting temperatures. of CPs ensure that most mRNAs will be predominately

hybridized at equilibrium. The exceptional signal intensities allow accurate measurements of

the number of hybridized mRNA strands. Thus, tﬁe array presented here can serve as the

25 foundation for the future development of a truijr quantitative, fully multiplexed mRNA

expression assay.



38 18. The sensor of any one of the preceding clains, wherein the
insul ating |layer has a thickness of between about 10 nmto about 20
Tun in case Si02 is used as insulating layer. 5 19. The sensor of
any one of the preceding clains, mherf'n the insulating | ayer has a
t hi ckness of between about 1 nmto about 5 nmin case the insulating
| ayer is of a material with a relative dielectric constant (K) of at
| east 10. 10 20. The sensor of any &3dm the preceding clains,
wherein an adhesion |ayer is arranged between the insulating |ayer
and the first electrode and/or between the insulating | ayer and the
second 1el extémaefor ddtectiipea Masiobcidimabailecafiprisiier ei n t he adhesi on

| ayer is nade of a petal. 22. The sensor. of claim 21, wherein the
metal of the- adh@clssirpgs arangsment sIpPISng ¢ first clesrodeppascepnd plectsydegad

onez of cl %jn%eﬁgppgﬁ%?e%ion, E&iﬂ%&%{ﬂéioigﬂ%ﬁ%né%ﬁ%_e adhesi on | ayer

i s between about mto about nm 24. sor of any of the
precedi ng cl ai ns; whpareoftht kecohid ekkctrodederiapasg patt pf tiedirstradectiode swhahat

nucl ei ¢ acid probe ve a | th of at |least 10 nycleaotides, qr at
least 40 nucl dbiopguEaceleveof iie heond gk nigbet hn Sdep Sbivedive of e
of any of the gpreqedidug; cl aims, wherein the first nucleic acid probe

and the second nucleic acid probe conprise the sane nucl eotide
sequence. 26. The sanimewlatfig baygr ofprovided betowedn e fifsaielestrodehandeihn se¢nmd

first nuclei cid pr.obe and the.second nucl.eic acid probe conprise a
ai Terent noerEote wil S eo e DS aRTER0GI Sy SeGuleitaBhean, “one. of
the precedi ng cl aifffsnuekes flidplobe ithinosilized & Bk Surdidebf HicORet absdde; idve
second nucl eic acid probe are imobilized at the surface of the

respective etect Rosreond anugleih eaeid arohe preiobilizedoat thge swéesopl dhe gagond
one of theelé)c"n%ﬁ@di ng clains, wherein multiple sensors are arranged in
a sensor array. 30. A nucleic acid detection kit conprising: 10- a
sensor according to any one of the preceding clains;

15 2. The sensor of claim 1, wherein within the overlapping region a side surface of the
second electrode and the insulating layer is aligned with respect to the top surface of the

second electrode by an angle of about 90°+£30°.

3. The sensor of claim 1 or 2, wherein the first and the second electrode are made of a
20 material which is selected from the group consisting of a noble metal, doped silicon,
doped poly silicon, silicon germanium, titanivm (Ti), tantalum (Ta), tungsten (W),

aluminum (Al}, chromium (Cr), copper (Cu), a metal alloy and a conducting polymer.

4. The sensor of claim 3, wherein the noble metal is gold.
25
5. The sensor of claim 3, wherein the metal alloy is selected from the group consisting of

titanium-nitirde (TiN), tantalum-nitride (TaN), and metal silicide.

6. The sensor of claim any one of claims 3 to 5, wherein the first and the second electrode

30 are made of the same material or different materials,



a solution conprising a netal precursor; and a solution suitable for
chem cally reducing the netal precursor. 31. A process of

manuf acturing a sensor according to any one of clains 1 to 29,
wherein 15t he nmethod conpri ses: provif}ng an el ectrode arrangenent as
referred to claiml conprising a first el ectrode and a second

el ectrode; and immbilizing a first nucleic acid probe at the

sur f acd: ofThenengqrraft any] eue plothe mﬂ@dmgeclgmnﬂwé%éﬁ? slgetrodepargangempat is

process of, ein in case the nucleic acid probe
|nnnblllzeéﬁ$€%eff%er@?ﬁ£ first electrode or second electrode is to
be different fromthe nucleic acid probe innmobilized at the
respective_ ot her el ectrode, the nethod further conprlses after the
step o% i YRSISERSOE Phelalm ¢ Whereln fhe sybstraieiiga vebef a mg@l p¥df-owi ng st eps:
25-5stripping of the first nucleic acid probe fromthe surface of the
first electrode or the second el ectrode by potential cycling of

ei t her 9t hélheisesdor ef eletm §dehereintthe sigstrateds & layet oftudlicivmndide. nmobi | i zi ng
a second nucl eic acid probe at the surface of the el ectrode from
which the first nucleic acid has not been stripped of. 30 33. The

proces$pofTiel s@hsl@r %fcaﬁy om?of m@ﬁfe@édan$ BRirkd, Ytet 9 theah i ARSHRITBRY h'a§a surface

manuf actured by: formng first ectrode on a substrat e
2010/ 104479&@#&@@1@5@@0086 40 forming a first electrode on a

trate; formng an insulating |ayer covering the substrate and the
first electrode; formng a second el ectrode covering a portion of the

substrale TRVehesd ¥ by bhe ofngaihadt7 i@ 10aderein the thickness of the substrate is

between about 20 nm £ 0.7 nm to about 200 nm £ 0.7 nm.

12. The sensor of any one of claim 7 to 11, wherein the substrate is further arranged on a

15 semiconducting layer.

13. The sensor of claim 12, wherein the semiconductor of the semiconducting layer is

silicium.

20  14. The sensor of any one of the preceding claims, wherein the insulating layer is made of a

material with a relative dielectric constant (x) of at least 10.

15. The sensor of any one of claims 1 to 13, wherein the insulating layer is made of SiO,,
Tay0s, AlLO3, Z10,, or HIO,.
25
16. The sensor of any one of the preceding claims, wherein the width of the first electrode
and the second electrode is independently selected to be between about 0.1 pm to about
100 pm.

30 17. The sensor of any one of the preceding claims, wherein the thickness of the first
electrode and the second electrode is independently selected to be between about 50 nm

to about 500 nm.



5wherein the second el ectrode is forned to overlap a portion of the
first electrode covered with the insulating layer; - renoving the
portion ofwdbaonsawl ati ng | ayer which is not covered bycrlsezs0oamss

el ectrode. 10 34. The process of claim 33, wherein the insulating
llayer is nmanufactured using plasma emganced chem cal vapor deposition
(PECVD) method.” 35. The process of claim34, wherein _
t etraet hoxysilane (TEOS) is used as source for silicon in the PECVD
nmet hod for the nmanufacture of the insulating |ayer. 15 36. The

process1®f ThkaeRodbf adyes of deygreseding ¢1sia, ashereild NRC WsGRfing asyet Mad Be
PECVD met hod for the manufacture of the |nsulat|ng |.ayer.

37
The procesdhighfnesy gf hstwgen apput 4P pm (e akpup 49inm Ehcﬁsi"'rﬁéoﬁ &t Ugedlens insulating
i nsul ati ngdyayer is about 40 20seconds to 2 minutes or 45 seconds for
the manufacture of the insulating |ayer. 38. The process of claim 34,
wher&in the pressure in a chanmber used in the PECVD net hod |s about
800 nilo Pag) il 3 P bout nlro
(115, 52" oyt appc Stk PE B pSeclk ity Whbrh 0 Bblaala? 1P B o
process of tidtlaiess Bﬁbet\MRer[ abauttlhmnfﬂooahontaﬁ amofn tive the énvuiaing 1gges is of a

oxygen is be seemto 200, seem or about 2000
oot Tor -t REE M GArHpaTeleaEe FrsErEl RbEbl0 Vo
2010/ 104479PCT/ SG2010/ 000086 41 41. The process of any one of clains
32 to 40, wherein the potential cyclin s carried out 'at between
abolf 024 {lhe aepsor Oﬁav one of tho prwﬁ@nsrc?wew”@relaﬁp aghgsiosk lagerdp panged
to 40, wheg, f A Ao
230 g or "Shac B0 e g A BEHRT L Btod bR Bebier BOHLAGR It
aci d conpr iaad thg:secongetegtrodeng a sensor according to any one of cl ai ns
1 to 29 wherein the.sensor conprises two el ectrodes and wherein
nucl ei ¢ acid sequences are i mobilized at the

21. The sensor of claim 20, wherein the adhesion layer is made of a metal.

15
| 22. The sensor of claim 21, wherein the metal of the adhesion layer is-either Cr or Ti.
23. The sensor of any one of claim.s'ZO to 22, wherein the thickness of the adhesion layer is
between about 2 nm to about 30 nm. '
20

24. The sensor of any of the preceding claims, wherein the first nucleic acid probe and the
second nucleic acid probe have a length of at least 10 nucleotides, or at least 40

nucleotides, or at least 60 nucleotides.

25  25. The sensor of any of the preceding claims, wherein the first nucleic acid probe and the

second nucleic acid probe comprise the same nucleotide sequence.

26. The sensor of any of the preceding claims, wherein the first nucleic acid probe and the
second nucleic acid probe comprise a different nucleotide sequence.
30
27. The sensor of any of the preceding claims, wherein the nucleic acid is DNA, RNA or

derivatives thereof.



10. surface of the el ectrodes which are conplenentary to the target

nucl eic acid sequence; - incubating the sensor with a sanple fluid
suspected to conprise the target nucleic acid; netallizing the
nucl eic acid nol ecul es of the sensor;,and - carrying out

conduct ance neasurenents to determ ne the presence or absence of the
15target nucleic acid. 44. The nmethod of claim43, wherein the step
of nmetallizing conprises: incubating the sensor with a solution

conprisgn I ; : | bat.l - W E
Soror | 28N RS oPABCHACOE the proccding ABREPRhERM RSP RROE A pfbbe
SEQUENCE lah&bk M@ se&cbfd nBxrlelcoadid Peatienat dpinebilPted dt tthe 6AT:SEAR)thSE respa@ive
ELECTRI CAL SEN%%R FOR ULTI]QQ%NSI TI VE NUCLEI C ACI D DETECTI ON <130>
P104306 <FASTo&IBERheREe #0kd- <151> 2009- 03-11 <160> 9 <170>
PatentIn version 3.3 15 <210> 1 <211> 30

29. The sensor of any one of the preceding claims, wherein multiple sensors are arranged in

a SE€Nnsor array.

30. A nucleic acid detection kit comprising:
10 - asensor according to any one of the preceding claims;
- a solution comprising a metal precursor; and

- asolution suitable for chemically reducing the metal precursor.

31. A process of manufacturing a sensor according to any one of claims 1 to 29, wherein

15 the method comprises:

- providing an electrode arrangement as referred to claim 1 comprising a first electrode
and a second clectrode; and

- immobilizing a first nucleic acid probe at the surface of the first electrode and the
second electrode.

20

32. The process of claim 31, wherein in case the nucleic acid probe immobilized at either
the first electrode or second electrode is to be different from the nucleic acid probe
immobilized at the respective other electrode, the method further comprises after the
step of immobilizing a first nucleic acid probe, the following steps:

25 - stripping of the first nucleic acid probe from the surface of the first electrode or the
second electrode by potential cycling of either the first electrode or the second electrode;
and
- immobilizing a second nucleic acid probe at the surface of the electrode from which
the first nucleic acid has not been stripped of.

30

33. The process of claim 31 or 32, wherein the electrode arrangement is manufactured by:

- forming a first electrode on a substrate;



<212> DNA <213> Artificial 20 <220> <223> Capture probe (CP1l) on top
el ectr ode;
t aaaaaaaaaB02:1@i0M72 <211> 30 30 <212> DNA <213> Arti f ipCirsiG261BA0M886
<223> Bottom capture probe (CP2) on bottom el ectrode; 5Thi oMC6-D at
355"-end <400> 2 aaaaaaaaat cactcgcggggtgctggccga30 40 <210> 3 <211>
30 <212> DNA .

10

15

20

25

30

34.

35.

36.

37.

38,

39.

40.

3Thi oMC3-D at 3"-end <400> 1 25 gatgacagac acctcattca

- 'férrning a first electrode on a substrate;

- forming an insulating layer covering the substrate and the first electrode;

- fornﬁng a second electrode covering a portion of the substrate covered with the

insulating layer;

wherein the second electrode is formed to overlap a portion of the first electrode
| covered with the insulating layer;’
- removing the portion of the insulating layer which is not covered by the second

electrode.

‘The process of claim 33, wherein the insulating layer is manufactured using plasma

enhanced chemical vapor deposmon {PECVD) method.

The process of claim 34, wherein tetraecthoxysilane (TEOS) is used as source for silicon

in the PECVD method for the manufacture of the insulating layer.

The process of claim 34, wherein oxygen is used as a precursor gas in the PECVD

method for the manufacture of the insulating layer.

The process of claim 34, wherein the deposition time for the insulating layer is about 40

seconds to 2 minutes or 45 seconds for the manufacture of the insulating layer.

The process of claim 34, wherein the pressure in a chamber used in the PECVD method
is about 800 mTorr (106.66 Pa) to 1000 mTorr (133.32 Pa) or about 850 mTorr (113.32

Pa) for the manufacture of the insulating layer. ‘

The process of claim 36, wherein the flow rate of the precursor gas oxygen is between

about 1800 scem to about 2200 scecm or about 2000 sscm for the manufacture of the

. insuli_lting layer.

The process of claim 35, wherein the flow rate of TEOS is between about 0.4 1/min to .

about 0.6 /'min or about 0.5 I/min for the manufacture of the insulating layer.



<213> Artificial 2 <220> <223> 5-m smatched top capture probe (cP*);
3Thi oHC3-D at 3"-end <400> 3 5gatgacagtg tggtcattca taaaaaaaaa30
<210> 4 <A 201046467910 <212> DNA <213> Honp sapi ens <40@eTdGasgaeigagy
tgtctgtcat caaagaaggc tggctccaca agcgtggtga atacatcaag60 15

acct ggaggc cacggtactt cctgctgaag agcggcggct ccttcattgg gtacaaggagl20
aggcccgagg cccctgatca gactctaccc cccttaaaca acttctccgt agcagaat gc180

cot goagt B2 A8 PRSI anP SERERG T AN aRsbhvG Al SEkte negmraqute
ggagt ggat gggg)vseggmn@thaaagatlg@tcgc caacagcct c aagcagcggg ccccaggcga
ggaccccatg :

42. The process of any one of claims 32 to 40, wherein the scan rate for potential cycling is
5 about 150 to 250 mV/s or about 200 mV/s.

43. A method of detecting a target nucleic acid comprising;
- providing a sensor according to any one of claims 1 to 28 wherein the sensor
comprises two electrodes and wherein nucleic acid seéuences are immobilized.at the
10 surface of the electrodes which are complementary to the target nucleic acid sequence;

- incubating the sensor with a sample fluid suspected to comprise the target nucleic
acid; -

- metallizing the nucleic acid molecules of the sensor; and

- carrying out conductance measurements to determine-the presence or absence of the

15 target nucleic acid.

44. The method of claim 43, wherein the step of metallizing comprises:
- incubating the sensor with a solution comprising a metal precursor;
- incubating the sensor with a solution suitable for chemically reducing the metal

20 Precursor.



25 gactacaagt gtggctcccc cagtgactcc tccacgactg aggagat gga

agt ggcggt c420 agcaaggcac gggct aaagt gaccat gaat gacttcgact atctcaaact
ccttggcaag480 30 ggaacctttg gcaaagtcat cctggtgcgg gagaaggcca
ctggccgcta ctacgccat g540 aagat cct gc gaaaggaagt catcattgcc aaggat gaag
tcgctcacac agtcaccgag600 agccgggtcc tgcagaacac caggcacccg ttcctcactg
cgctgaagta tgccttccag660 35 acccacgacc gcctgtgctt tgtgatggag

tatgccaacg ggggt gagct gttcttccagdqfinst 9E6FG@I9 agegtgtctt cacagaggag
cgggcccggt tttatggtgc agagattgtc/80 40 tcggctcttg agtacttgca

ct cgcgg gt atacc gcgacatcaa gc aaaac840 ctcatgctgg acaaagatgg
ccacatcgiﬁbat%&é?ﬁ%é?cﬁFgﬁ%ﬁ?cWﬁ g&iggaﬁﬁﬁégoo at cagt gacg gggccaccat
gaaaaccttc tgtgggaccc cggagtacct ggcgcctgag960 3 gtgctggagg.

acaa? gaslP>t gEFCTHUYAL TANGOR O] JIL TENTFHGTTRYGONUQYEDY ACTED HETBAVON
tacgagat ga tgtgcggccg cctgecccttc tacaaccagg accacgagcg cctcttcgag

1080 5 cimmpt ceigrand ggaagagat ccgcttcccg cgcacgetca gccccgaggce
caagtccctg 1140 cttgctgggc tgcttaagaa ggaccccaag cagaggcttg.

a0oat casiiorg el dEBe e 0 000 Tag0 | Doiocacad artetieete
gcq caagl; 0afAQURCHL ot ceagaag

<160> 9

<170> PatentIn version 3.3
15
<210> 1
<211> 30
<212> DNA
<213> Artificial
20
<220> .
<223> capture probe (CP1l) on top electrode; 3ThioMc3-D at 3 -end

<400> 1 .
‘25 gatgacagac acctcattca taaaaaaaaa h 30

<210> 2
<211> 30
30 <212> DNA
<213> Artificial

<220>

<223> Bottom capture probé (CP2) on bottom electrode: SThioMCE-D.at
35 5 -end '

<400> 2
aaaaaaaaat cactcgcgga tgctggecga : 30

40 )

<210> 3

<211> 30

<212> DNA

<213> Artificial
45



10 aagctcctgc cacccttcaa acctcaggtc acgtccgagg tcgacacaag gtacttcgat
1320 gatgaattta ccgcccagtc catcacaatc acaccccctg accgctatga
cagcctgggcec 1380 15 ttactggagc tggaccagcg gacccacttc ccccagttct
cctactcggc cagcatccgc 1440 gagtgal446 20 <210> 5 <211> 200 <212> DNA
<213> Honp sapi ens 25 <400> 5 atgaatgagg tgtctgtcat caaagaaggc

tggct ccaca agcgtggtga atacat caag. 60 acct ggaggc cacggtactt cctgctgaag.
agcgacgg%%dfcgggctccg gggactagt c120 30 tgagat gggg. ggaatttgtt .
gaagaggc cgtcttacgg tcgactactt ctggctctct180 cggccagcat
ccgcgagtgaPoo 33 swatdhed gtopogapsure p LCHNA 3B9BCIND; 3% 3ciend 40 <220>

<223> GAPDH Capt ur

e probe <400> 6 tgtaccggag gttccctcat t21

<400> 3 :
-5 gatgacagtg tggtcattca taaaaaaaaa 30
<210> 4
<211> 1446
10 <212> DNA
<213> Homo sapiens
<400> 4 .
atgaatgagg tgtctgtcat caaagaaggc tggctccaca agcgtggtga atacatcaag 60
15 : - : :
acctggaggc cacggtactt cctgctgaag agcgacggcet ccttcattgg gtacaaggag 120
aggcccgagg.cccétgatca gactctaccc cccttaaaca aéttctccgt agcagaatgc 180
20 cagctgatga agaccgagag gccgcgacce aacacctttg tcatacgetg cctgeagtgg 240
accacagtca tcgagaggac cttccacgtg gattctccag acgagaggga ggagtggatg 300
cgggccatce agatggtcge caacagcctc aagcagcggg ccccaggega ggaccccatg 360
25 . ) :
gactacaagt gtggctcccc cagtgactcc tccacgactg aggagatgga agtggcggte. 420
agcaaggcac gggctaaagt gaccatgaat gacttcgact afctcaaact ccttggeaag 480
30 ggaacctttg gcaaagtcat cctggtgcgg gagaaggcca ctggcecgcta ctacgccatg 540
aagatcctgc gaaaggaagt catcattgcc aaggatgaag tcgctcacac agtcaccgag 600
agcegggree tecagaacac caggcacccg ttcctcactg cgctgaagta tgecttccag 660
35
acccacgacc gcctgtgctt tgtgatggag tatgccaacg ggggtgagct gttcttccac 720
ctgtcceggg agcgtgtctt cacagaggag cgggcccggt tttatggtgc agagattgtce 780
40 tcggctctig agtacttgca ctegegggac gfggtatacc gcgacatcaa gctggaaaac 840
ctcatgctgg acaaagatgg ccacatcaag atcactgact ttggcctctg caaagaggge 900
atcagtgacg gggccaccat gaaaaccttc tgtgggaccc cggagtacct ggcgcctgag 960

45



45 4 <210> 7 <211> 23. .c212> DNA 5 <213> Artificial <220> <223>
BRCAL1 Capture probe 10 <400> 7 ggact at gaa aagacctacg gag23 <210> 8 15
<211> 20 <212> DNA <213> Artificial <220> 20 <223> Hi s4 capture Probe

<400> 8 tccattgacg tagcgcctaa20

3

gtgctggagg acaatgacta tggccgggec gtggactggt gggggetggg tgtggtcafg' 1020

tacgagatga tgtgcggccg cctgcccttc tacaaccagg accacgageg cctcttcgag 1080
-5 ctecatcctca tggaagagat ccgcttcccg cgcacgctca gccccgagge caagtccctg 1140

cttgctgggé tgcttaagaa ggaccccaag cagaggctig gtggggggec éagcgatgcc 1200

aaggaggtca tggagcacag gttcttcctc agcatcaact ggcaggacgt ggtccagaag 1260
10

aagctcctge cacccttcaa acctcaggic acgtccgagg tcgacacaag gtacttcgat 1320

gatgaattta ccgcccagtc catcacaatc acaccccctg accgetatga cagcctggge 1380
15 ttactggagc tggaccagcg gacccacttc ccccagttct cctactcgge cagcatccge 1440

gagtga l44¢
20 <210> 5

<211> 200

<212> DNA

<213> Homo sapiens
25 <400> 5 : , ‘

atgaatgagg tgtctgtcat caaagaaggc tggctccaca agcgtggtga'atacatcaag. 60

acctggaggc cacggtactt cctgctgaag agcgacggct ccgggctccg gggactagtc 120
30 tgagatgggg ggaatttgtt gaagaggcat cgtcttacgg tcgactactt ctggctctct 180

cggccagcat ccgcgagtga 200
35 <210> 6

<21i> 21

<212> DNA

<213> Artificial
40  <220>

<223> GAPDH Capture probe

<400> 6

tgtaccggag gttccctcat t 21

45



25 <210> 9 <211> 18 <212> DNA <213> Artificial 30 <220> <223>
Anneal i ng Probe (RNA Detection) <400> 9 35 tttttttttt ttttttttl18

10

15

20

25

30

35

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

<220>
<223>

<400>

7

23.

DNA
Artificial

BRCAL Capture probe

7

ggactatgaa aagacctacg gag 23

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

<220>
<223>

<400>

g
20

DNA
artificial

His4 Capture Probe

8

tccattgacg tagcgcctaa 20 .

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

<220>
<223>

<400>

9

18

DNA
Artificial

Annealing Probe (RNA Detection)

9

Tttt Tttt 18



