APPARATUS AND METHODS FOR DETECTI NG DNA N Bl OLOd CAL SAMPLES FI ELD OF THE

| NVENTI ON This invention relates to apparatus and nethods for detecting DNA
in biol ogi caW&RAPIEY® | n particul ar the presentinventi onPFECHRWS040651 N0y el
apparatus for detecting DNA sequences using electrically-assisted nucleic
acid hybridintion and to AePREISTFOANGPMETHEDRG RO perfor mance of such

appar at us. BACKGROUND QF | f rically-assisted

nucl eic acid hybri di zﬁ?ﬁ@%‘%@tﬁﬁ%ﬁ%anal ysi s of

bi ol ogi cal sanpl es contai ning DNA, e.g. blood, plasma, urine etc.

Conventionally, a chip for Dl\ﬁléeltection is formed fromone of a variety of

materials including glass, sf ORAFEEYYENTERN he surface of the chip a

nunber of el ggid ifhiGOPLAL & ArsrahQr A0 48] A0 KD 1 echniques. .To detect
s &Hpera . (amctt[n C]Bﬂl& 8}3%&01%%?‘?3

a particul ar DNA sequence 1 n a biological sanple, capttre i sting

of conpl CIAD LS s at t to the chip surface. |f_ a

bi ol ogi ca %tzsi'rrp B con%?lﬁ}?%ﬁ%t I?geﬁlag{] T%%%,%dtlgh%wteg?@@fa rvdefqm%% b&\“‘&t o the
conplement ary DNA fram ents by hybridization, and various jniaéng

t echni qu&§"HEY Wﬁ%%&lﬁa@y'ﬂﬁ%e&eﬁgﬁ%?WGWMP Bieethodsdot opémyziag ence
in the sangl of the tweet DNA. By applying an electric current to the
capture BF ﬁg@? PEROTIFYHT FBREEET on process may be accelerated and thus the
detection process is also accelerated. This basic hybridirntion technique
is described, for exanple, in US 5849486. PRI OR ART In such devices and

techni ques, the major issues concerned are the binding of the
BACKGROUND OF THE INVENTION

The use of electrically-assisted nucleic acid hybridization is 2 known technique m the

analysis of biological samnples containing DNA, e.g. blood, plasme, urine etc. Conventionally,
a chip for DNA detection is formed from one of & variety of materials including glass, silica
and metal. On the surface of the chip & number of elecirical contacts are formed using known
techniques, To detect a particular DNA sequence in a biological sample, capture probes
consisting of compiementary DNA fragmenits are attached 1o the chip surface. If a bielogical
sample contawns the target DNA, the target DNA will bind to the complementary DNA
fregments by hybridizétion, and various lmaging techniques may be used to detect such
hybridization and thus the presence in the sample of the target DNA. By applying an elecirc
current to the capture probes, the hybridization process may be accelerated and thué the
detection process 1§ also accelerated. This basic hybridization technique is described, for

exarmple, in US 58459486.

PRIOR ART

In such devices and techniques, the major issues concerned are the binding of the
capture probes to the surface of the chip, and the imaging and visualization of the

hybnidization when it occurs. Concerning the latter, 2 traditional method of detection is
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capture probes to the surface of the chip, and the imgi ng and
visual i zati on of the hybridization when it occurs Concerning the |latter, a
traditional “WeeHda ¥ detection is WD 2004/ 015138PCT/ CNZOUB/NIOGHBILG1

fl uorescence, but nore recently Taton et el, ("Science" Vol. 289, 8

Sept enbéror2@etke, pPITE? reckTR0 Y aide sior.i (HBgendsd ML 28 & Sepepbaviinpmoat-ed gol d
nanoparticies for detection. In such a technique gold nanoparticles are
coat ed Wd() daferidet giconstchiestapdeidsecpatiicgole ampbprBibary ded:ctibe Hafdet, DNA
sequence. A solution containing such coated gold nanoparticles is passed

over t h%ecﬁﬂ&{l@%@d%n&dm&éaia?e anxbaomhtdaDah fdrek RS 1ivd kéqruEﬁt% r&oﬁﬂprégneh

probes to which the target DNA i s bound. The gold particles thensel ves are

too smaly, fa?oep.@)l\.‘fj.@tsgcgeﬁge. ﬁp%luﬁ&egrcﬁ{gzi@fn? %Eﬁ%@aﬁ@éoggﬁmgaerﬁ%%% Lljsgﬁésgﬁ w.et ha

sol uti on corftai ni'ng ver ions. ver ions eposi

surface of the gold.nanoparticl.es . to f a.visible silver |ayer, which ma
be. dot eV Dy TR G oA Er S e PR e e et B wh) Heiie i i ng
of the ur r s tg.the chip surface, one difficulty is that the
attach of %Pﬁ%é)%%& %‘ﬁf‘ @8%[?(‘:8!3 éﬁ?@sﬁé’%’s Gt H)Qas%grli‘ p° dGriekeed( Bulgthe £255 | i con

wafer) is a critical step that is highly sensitive to disturbances in
exper i mEHEAle B8N dE] i EcubairdyHith iacwﬂtgmm@wnaﬁg éllegt iorg Thersilmt idns agppl i ed
during the electrically assisted hybridization process, electrolysis nmay
occur t hapostiaf onlidviey sateps af the geld satppeqigimtio faact visivée siver dptreetiicdimayi t i s
known for exanple to coat the chip surface with an agarose gel and the DNA
ol i gonucieahatecté vusmantisnat apigmperpperatres are | abel ed at one end with biotin
and enbedded in the agarose |layer by virtue of the high affinity

interaction hedneeemchhobintingndis timpleaybisds i tHehlp herdl 280kM8ch1Ns e
auarose prior to the coating of the chip surface, However, there are

a nunber y0f,npiahle BB M HRAUSIRBMIREQSEto B dist k¥rskde (&S Yedoflifdiruw 4 to
mani pul ate a nolten agarose gel so as to maintain an éven coating on the

chip. I n.a0df %%pgpia{e gémgﬁgggﬁsmw d&%@&@g %t é)%@riﬁ%nt% Eon%%%agggln%'wﬁyst be

preci sely con manuf acture o chip™w a sui ‘e ‘agar ose
| ayer is_yery diffic . E . ce._applied the | . must be kept
ol ot t OB TR Ao i o e TREEs U BRI I8, Bt RSt
degades a]t hi,gh tenpegatgﬂétes, and %o t@e c]gtlgsg nust be refrigerated after
appl i cat FETFOFY Y dP5F088 PAy BTV TSTH A 1Ega PO Y5y S72CRans ARE ARSI B 11 cat e
and susceptible to 2004/ 015138PCT/ CN2003/ 000661 nechani cal stresses,

and t hus ¥R siobr FGEPEN A t F°%nSPortit isUR*S YWie &0 mEdREd %hisdi §dDN4 cul t.

In any event, the use of an a.garose (lgel does not overcone the potenti al
pr obl ens cEaaselgopes nsed as capture probes are fabeled at one end with biotin and embedded in

the agarose layer by virtue of the high affinity mteraction between biotin and streptavidin that
is dissolved in the agarose prior to the coating of the chip surface.

However, there are a number of problems with using agarose. Firstly it is very
diffienlt to manipulate a molten agarose gel so as to maintain an even coating on the chip. In
addition the density and concentratic;n of the agarose gel must be precisely controlled. Thus
ménufacrure of 2 chip with a suitable agarose layer is very difficult. Furthermore omnce
applied the gel must be kepi moist to prevent Gn’mg and cracking, and agarose is very
unstabie and degrades at high temperatures, and so the chip must be réﬁ’igarated after

application of the agarose layer. The agarose layer is also very delicate and susceptible ic



el ectrolysis. SUM Nl ARY OF THE | NVENTI ON According to the present
invention there is provided apparatus for detecting target DNAin a

bi ol ogi cal sanple, conprising a substrate forned with at | east one reaction
cel |, wher eMP 24#¥#5F8act i on cel | includes an al uni num oxPHECTAPALE T or the
attachrrent of DNA capture probes. By nmeans of this arrangerrent sone of
t he prOﬂla@mcwmlassemen@mlmﬁhfaﬁ@ra@r@dmﬁﬁﬁo%P e Anesied chp 18d4HCEE Because
al um num oxi de provides a stable attachnent surface that is easy to form
and to pRNiRY, Beusef @Cid bgAb@syS dbsemuentrchamdhe rTyiatid sbbikayeawkd bije
appar at us, and whi ch overconmes or at |least mtigates the problens with

el ect rol%hsd, . The al um num oxi de attachnent surface nay be fornmed by
oxi dat i SR 0t & previously fornmed alum num | ayer, or directly, for exanple
by sputtering. A nmet hod of attaching the capture probes to the al um num

oxi de |l ayer would increase the conveni ence of manufacture. An attachnent
| ayer adsorbed to the al un% ivd{% ﬁj@thl s function. It is
al so inportant to be able to correctly orlent the capture probes with
ns-pect to thecatiachn@atorésayeinvdtion dhes is mevyidesr dnperiusbior Heteftingtverget

activities. Preferably this protein may be an antibody to a protein used to

| ahel t a%l%?&cﬁ RLONE Sondasibh atsubdiatChpinad evifr shiest nryrcbetidni avked to
the attachnent surface through an antlbody protein pair linkage in a

defined orientatig L 8RALAM S YaluOUWR ViBhde biieacs Ubf Be e beDowat ed
with any™p ‘??}?5 S‘“{E °F e capture parobes may be | abeled with a protein

havi ng a hi gh &Lfl nity wwth the first protein, for exanple sfreptavidin
and/ or bfFBEFHPTC To reduce the backuound sigial, the attachnment surface

T e ST ST e B P TP LR Bl o

or at |east mitigated because aluminum oxide provides a stable attachment surface that is easy
w0 form and to manipulate, facilitates subsequent hendiing and storage of the apparatus, and
which overcomes or at least mitigates the problems with electrolysis.
The aluminum oxide atrachment surface may be formed by oxidation of 2 previously
formed aluminum layer, or dirsctly, for example by sputtening.
A mmethod of attaching the capture probes to the aluminum oxide layer would increase
‘he convenience of manufacture. Ar attachment layer adserbed to {ne ahrminum oxide would
perform this funcuon. It is also important to be able to correctly orient the capture probes
with respect to the attachment layer. A protein may perform both of these activities.
Preferably this protein may be an antibody to 2 protein used to label the DNA capturs probes,
so that the capture probes may be linked to the aftachment surface through an antibody-
protein pair lnkage in = defined orentation. Alernatively, howsver, the surface could be
coated with any protein and the capture probes may be labeled with a protein having 2 high
affinity with the first protein, for example strepiavidin and/or biotin,
To reduce the background signal, the attachment surface may be coated with a reagent

such as albumin, satmon sperm DNA, Ficoll, or other protein.
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Vi ewed from another aspect the present invention also extends to a DNA chip
for detectingotxegesisONA in a sanple conprising a subsfraperkadinB@oé

al um num oxi de surface, and a DNA capture probes attached to said al um num
oxi de surface. Viewed froma still farther aspect the invention also-
extends to a nethod for detecting target DNA in a biol oMal sanple,

conprising the steps of: (a) pro%zq?dl ng a . reaction cell fornmed V\A%{
al uni num oxi QB°¥ef FREeaHHY 25054t d3r§%11nﬁmé’8??%fbé159\n“f‘hn%5 19 ¢ SNp pefiDFl to

facilitate the bindin fg of the second protein that is attached to the
capt ur e qriashes rsgI NG p GaEDle COBPRERY 2 SRSERAAVEY Bf 2l eaindmcapiuTERpr obe,
(c) adding to said cell a solution containing capture probes fornmed with a
DNA sequadceDiTamebmrepTbazsatitades & $id angouDNAdamdidcabel ed with a second
protein having high affinity with said first protein, (d) supplying said
sanpl e to said=eel homde sWH2084450E5H3PETIGNRRO 31B0H66 1 nfe)odaddinegthg sai d
cell a solution containing target DNA detection probes formed with a DNA
sequence canpheRit fblglcdl o, tafgeindMsteps of
{a) providing a reaction cell formed with an aluminum oxide surface,
(b} coating said surface with a first protein to facilitate the binding of the second
protein that is aftached 1o the capture probe resulting m the correct orientation
cf said capture probe,
(c) adding o said cell a solution containing capture probes formed with a DINA
sequence complementary to said target DNA and labeled with a second

protein having high affinity with said first protein,

{(d) supplying said sampie to said cell,



(f) adding to said cell nmeans for generating a detectable sigial in a cell
where target DNA has been captured by said capture probes and detected by

sai d det ect MorMPVB3HEE, and (g) detecting said sigial. BRfEFcDRGERHIET! ON OF
THE DRAW NGS Some enbodi nents of the present invention will now be

described by wayadfingwaniil elandlmichonefienes: DOA RereasaOpRIAY iR
drawings, in which:- Fig.1l is a schematic view illustrating a chip

according to an wm@dbmaéqu@ﬁcetohﬁlpixdﬁy@w%a%g%{?RSAJ lustrating the
hybridii 7ati on and detection schene, Figs.2(a) to (d) show reaction cells

obt ai ned exper al by <Ehat e P of .t he capture probe
enabl es the ta{rﬂég?%y%% be]l giee'tg%gcgog%n%?%ls" é?%a&tggle(%%n ﬁ%\ﬁ/cggé’&kﬁr‘bn cells
obt ai ned experi I t how.t h th resence of the tenet DNA is
required befor engé}%%eﬂgﬁée%gtsnf?ﬂsgﬁhﬁg%’g *@T %é’gfm B ?@é)ﬂ%‘iegf}ay W
reaction cells o%%ai ned &xﬁgﬂeri mental ly that show that the intensity of the
silver deposits iAErEEE®% A i ncreasi ng concennation of the target DNA in
the sanple, and Fig.5 shows reaction cells obtained experinentally that

show that the (Hit9ESIREF265S1ge si| ver deposits varies with the oncent-ation
of the capture probe. DETAI LED DESCRI PTI ON OF PREFERRED EMBCDI MENTS

BRIEF DESCRIPTION OF THE DRAWINGS

Some embodiments of the present invention will now be described by way of sxample
and with reference fo the accompanying drawings, in which:-

Fig.l i a scht:ma‘u'c view illustrating a chip according to an embodiment of the

mmvention and also illustrating the hybridization and detection scheme,

Figs.2{a) to (d) show reaction celis obtained experimentally that show that the

presence of the caprurs probe enables the target DNA to be detected,

Figs.3{a) to (d) show reaction cells obtained experimentally that show that the

presence of the target DNA is required before silver deposits will be formed,

Fige4{a) to {d) show reaction cells obtained experimentally that show that the

intensity of the silver deposits increases with increasing concenrration of the target

DNA in the sample, and

Fig.5 shows reaction cells obtained experimentally that show that the intensity of the

silver deposits varies with fhe conceniration of the capture probe.

DETAILED DESCRIPTION OF PREFERRED EMBODIMENTS

Referring firstly to Fig.l there is shown schemarically 2 novel apparams for the -
detection of DNA in biological samples in accordance with an embodiment of the present

invention. The chip comprises a silicon wafer 1 on which & layer 2 of aluminum iz fabricaied,



Referring firstly to Fig.1 there is shown schematically a novel apparatus
for the detection of DNA in bioloaical sanples in accordance with an
enbodi ment ofwbhenprasent WO 2004/ 015138PCT/ CN2003/ 000661],%2%;,@%%{ of
alum numoxide 3 is faulted on the alum numlayer 2. The al um num oxi d

Iayer 3 igaqtdl %ﬁét&%ﬁm Mgﬁ&%&%‘i %@ﬁrorg@ﬁ? %e?i be descr.i bed

bel o e al um num oxi de |ayer P at i on
of the al.um umla ) c ition, onthe surface of
the chip 1%’6{2 taﬁ 1 S%Ldgm% fgﬁﬁg Lﬁfgﬁ ’f’ﬁ%ﬂé’fﬁ)ﬁff 8‘t’é‘F’F‘ e possibilities
will be now b de cribed in nore det In_a first nethod of formng
the al um num NIpiYRE OXICH JARFTHL FREY eéP%ﬂe@t@% Dyreudisrics & thamuatiumi num
surface that is exposed to oxygen and water. Silica chips that are

f abri cat S8YShi PP adiresy Bepogition oy MumtRs o thermrios bate cnip Withost the naslefbrwh t h
distilled water, cleaned by dipping into 5% (wv) NaOH sol ution for about
30s, and dlteimuwEsyRsd: @bﬁ"emlpossiibiﬁéemdﬂlmecuos«tﬁad desckivditie tncae a@kdi ng to the
techni que described in Sharma CP & Sunny MC "Al bum n adsorption on to

al um num oxi deinanitsiabiyart et oanmesky flacesin GLATBRF iadiSinuk39Qllovidk 10285y 257.
The chi ps amthen heated overnight at 37C in an oven with some water in a

cont ai nerot @ di@nNdigdMuADheiaUE Shat U0 dRFosENRS @x¢eadbid QRS of. t he
al umi num oxidizes to alumina with a thi cknesg of aboutEISg%ﬁL{:Fj'{rggctﬁat 'II

nodi fi cat S - distilled
wat er andfatgﬁe&gédhgg%headpagfﬁcg%% 4gnﬁ%urs Iapﬁem%l E%h%ag%g m ?e@e ?tS"

form ng al; Hﬁﬂe@anybéﬁu&éé gﬁé |55}ngg)é%q\gtcﬁi g@l@%%el a er I um, B be depem ted

directly on a srliton®wa Riine nﬁbseve
condi tions; Equ 12M ri n s stem, o : 120W Base
pressur e: T06% a’)’tth%g&@e% B acedraibe'to B 'WindE W Bl S Cr & Sunny MC

“Albumin adsorption o to aluminum oxide and polyurethane surfaces” Biomaterials, 199¢;

11: 255-257. The chips are then heated overnight at 37°C in an oven with some water in a
contamer to maintain moisture. Under these conditions the surface of the aluminum oxidizes
to alumina with 2 thickness of about 504. In a modification of this process the chips may be
simpiy cleaned with distilied water and then heated at 60°C for 48 hours.

As an alternative to forming alumina by oxidation of an aluminum layer, alumina may

be deposited directly on 2 silicon wafer according to the following sputtering conditions:

Equipment: ARC-12M Sputtering system
RF power: 120W

Base prassure: 1.04 x 107 torr

Process pressure: 5x 107 torr

Ges flow: At/ = 30.2/7.5 scem

Stage rotation: 8§ om |

Sputter time: 45 ﬁ;.inutes

Minimum thickness: 1004



Process pressure:5 X 10-3 tor Gas flow Ar/02 = 30.2/7.5 scorn Stage
rotation: 8 rpm Sput t tinme:45 m nutes M ninmum thinl nmess: 10?0]%% VO
2004/ 015138P /28@6?}% 000661 Chip size:5mm x 5mm The" QU A 884t ed
chip may be patterned by conventional photolithographic techniques. In
addi ti oRhrvwiiiechever mefEBd 82 used to formthe alumna layer, prior to
hybri di 7ation the coated chip is washed once with | x PBS
(phosphate-buffered saline, pH 7.4) at roomtenperature by pipeting the
solution repeatedly over the chip surface. O the alternative nethods of
form ng the ghktdimimalcayed , chipuhiertien gateyedd dyp cefresmriesh) ashdasdiigh eahihow
that is produces the | owest backgound signal. Whichever technique is used
for formagidube @l amHumiastete fbot hi ckarss Ry Be Dmin@asier SPAer to
Alum numoxide is preferred for the probe attachnent surface because
conpar e 5D, - : Ik ki h 1 K re
compar ed e ke CYANPLE, 823K i eheane gL s &5200d D

tron a m oxi de can be stored dry and at room
t enperature. lnpartantly,.alum.nu ' i m : Pro
associ ated %?H‘Bé‘ J"f?’%%/“yté’ir 13 :% ?gﬁéiuﬁg%%psﬁ%ﬁ%e}l gbg%?%ggm%ggﬁl&f“f ?)lgu T to
handle to formcontrol Led |l.ayers,. the pore size and thickness, of the
Al umi na FEFEE SHGHS F yOBERE Ot FBTRRAE Fo PP UkaNE Boh Y RTEHNG THE
sputtering conditions or the air noisture content). The alum nu‘rép oxi de can
al so easthoy e ipBrofesen ey LOEFH §AEEHRBH Bigthal PHETE FERTE apkee ‘T emHrues.
The use of a patterned al um num oxide | ayer is advantageous because it can
reduce t the abmuiker dayer thei thiskihesel ey Po aleast non- speci fi ¢ binding, and by

i ncreasing the contrast between the area being i maged by the detector and
t he backgr oundluminum oxide is preferred for the probe attachment surface because compared

with, for example, agarose it is cheaper, more stable and more durable. In addition aluminum
oxide can be stored dry and at room temperature. Importantly, aluminum oxide also
eliminates the problems associaied with electrolysis. In addition, while agarose is difficuli to
handle to form controlled layers, the pore size and thickness of the alumine layer can easily
be coﬁﬁroﬁed (for example by altering the sputtering conditions or the air moisture content).
The aluminum oxide can also easity be paiterned using conventional photolithographic
techniques. The use of a patterned aluminum oxide layer is advantageous because it can
reduce the background signal due fo reduced non-specific binding, and by increasing the
conirast between the arez being imaged by the detector and the background.

Referring back te Fig.l there is also shown schematically the basic hybridizabon
scheme nsing an apparatus and methc-nd according o an embodiment of the present invention.
In particular, in Fig.l the attachment surface is z layer of aluminum oxide formed on
alumimum. A circular reaction well may be déﬁﬁed by deposiiing silicon oxide oun the
aluminum oxide attachment surface. Within each reaction well, capturs probes are aftached to

the aluminum oxide laver. The capture probes are not aitached directly, however, but through



Referring back to Fin.1 there is also shown schenatically the basic
hybrirli 7ati on schenme using an apparatus and nethod according to an
enbodi ment ofwohessprasent invention. In particular, in Fi gdydhg.@ohlshment
surface is a layer of alum num oxi de founed on al um num A ci rcu? ar

I g G R TG et e e

n re

attached e } ide. [ 2T apture, probes are not attached
di rect| y?&g%&\}\%%r bgaép“ﬂ %%é&g% L%%%BX?%%%T‘%%WP&%@GB%W@%@EéalPtPTﬁkage

formed of di goxigeni.n (Dl d.anti-di.goxi genin_(anti-D G antibodies. In
parti cul 3?02’6%?5%@5?3&‘31&& ?%Qﬁg%elgfbﬁm 4567 e B?I‘%Df?é%lhﬁlﬁﬁﬁﬁﬁimth@a@hrface,

and the capture probes are forned with a DI G| abel whereby the capture
probes may ﬁé‘hP?CﬁRSeH’ B glunpeumg fpidepties iy isudress The atumenabh unideusurioz de
attachment surface. The al um num oxide surface is very porous and has the
abi ity wervhioseusnansly hafi fkesbdiy tordlinscmiess difffrentamblecDbG TieakitnDIt ubgtinzons as
an attachment |ayer to ensure that the imobilized DNA capture probes are
correct | Yustipentedn attichnent bt togensee ehaphkiigshoti RE ONE pdadgfivet bat the
detection probe (to be described below) could bind to the al um num oxi de
surface apglecgusienientient esaingavarnaphhies, dekrentd @moof mhaho8de MALrddd @ddi ti on,
if no coating were applied, the capture probe mght bind to tﬁe al'um num
oxi de i N dhebd GO ChulRr hifd kR tHeOlhumihBmPELAC kRS fhe ANt fﬁm%%?%% lnkage
coul d be replaced by any sinmilar pair of conpounds, e.g. an anti body and a
target pr kD, I 0fsg t:el i ery.-.hj affinity for, each

ot her, orcgge%&p%fﬁ%rggtfﬁ%%h{rgd%%nf?r% oea\(ézﬂd% gvsalef %ét“e%i%ge ‘éat?%‘ge P%’%F FEEFREE Wit h
-ach other 1t _.shoul d al.so_be understood .that the .order of the _

ant i body/ecf)rt%et PR Br%gf el niprot ?C?IOﬁl?ﬂ%}ﬁ’&e&r&BGPﬂp%e%Ee@QFé@DI@d@%S?anpl e
while in th referred embodi ment gescri bed herein _anti-DIGis used as the
react i vi (3P RTET A A R AF R PRUHe S G a8 2B GIER ETREn o s
coul d be reversed. However, in practical ternms it is easier to attach a
smal | ol %eka f REpigis 3athpieey wigh & {Qfreachpige of BrnPit ofmsstptotss: moleatitsach an
anti body to the capture probe. Furthernore it should be noted that the

capt ure prabec eblgltd werag) Wik kg etheraliisbauit oiltohee whdersiondnthexird @rdeayétheby t he
addition of a term nal am ne or al dehyde group. It wll also be

under st oozhibbdtprotem capraire/ppriebsikagee cdudd rredrembrtsé. FoDNA2SORURATE in the
conplenentary to the DNA target that is to be detected in a sanple.

Ther ef or eprefitred emhedisanpiescrited el anBdIGAs bhel 84S ReQHVAY, itbenLiBn &whi ch
the capture probes are attached, if the target DNA is present it will bind
to the complcestantpbyesBNADS@aRNEEN0olR @ GORISHICERNORS 1MPactical terms it is

iy

2004/ 015138PCT/ CN20031000661 by the known process of DNA "hybri di zation. The
hybri di zatipridBcPEeher abliduReuacaeber ated by 18, ﬁﬁ?kév@ 14 D%t
electric current as is known in the art. Once the sanple 'has%een

appl i ed 0ty R oSHEt 365, Firudofud DEMHAGESISALN .0 sloLecl, Al [aroel DNA

t
fromthe sanpl'e that "has beconme bound to the caﬁture prone i Bve

this a soluti. L al nL iotin e tection probes is added,  The

det ect i on%?cgggg&ﬁl%% i?ou%é Q%I@hgﬁeaﬁé%%&?dbty ﬁg? . a%onc%f%ptfa%ﬂtaﬁ?“v T F4RE ar get
DNA and thus will bind to any target DNA that has previously been caught by
t he capt uF€"probes. To enable the caught target DNA to be visually
detected, gold nanoparticles cqated with streptavidin are added and because
of the affini t%}%‘ﬂ T EpEUFISHCR T BPBYT AT PR gcansarish ar N & sesusard |
becone attached to the detection probes. The gold nanoparticles thensel ves
are too sAEFPEPENBE 9bh [l e ¥y, Bt abs gFgeiEom eonraienTheelid, warenitoms may

then be added which will be reduced on the surface of the
st rept avi dimple Fatupaligfoledbn antpact ieicky 1o ovHdr e aamsive\verbes ayeaitachdi THud s
visible as a dark deposit. To reduce the background signal the chip

may pref etapdt PHoe it prezaned will bindsaltironmpperamDNAN Assqa tnoaldt efenapioveprion:
sal non sperm DNA, al bumn, or other proteins, or Ficoll, may be used.



The visibility of the silver deposits may be further enhanced by the use of
a fixative solution, such as sodiumthiosulfate. Conventional imaging

equi pnrent angyd Redikgees nmay then be used to detect dark depesbdysodotyit he
reaction cell, which would result fromthe presence of the target DNA in

t he Samlﬁﬁt&e F%@d;i}%!s rocess bReDNG! howidgatRxanee h&%ﬁga@np&%oggé&rmf @tecting

P-actin npl e. The hybridi zation steps are electronically

i sted f | | i ' i.ng; i.ed I , th h
cont | nuBtEIEoBI e PP P SRR R SRR, et on,

frent” 1's al'so possi ybridi zati on,

however, W0 _2004/015138, PCT/ CN2003/ 000661 |imts.danmnge to the chip, and
results in ad5eg RS2 B?Sqel’?ﬁ?pgjgﬁ thybt FaP 250 ﬂc%% F“bcﬁégafyntc?lc{]?tegt for
t he hybridi zati on of the sar{EI DNA to the capture probes the appgjﬁcati on
of 10 sewBrgepuPsesemdng Py %ﬁ%s&%ﬂ%ﬂcp URy 'a1s CBEEhErOBEuSE FeEat ed

for 8 mnutes (i.e. a total of 48 pulses, For the hybridization of the
det ect i ohisprsohbgict conthising Hprigyard Saispiie mRpes 1§ Rededafie EBPFERE DEPSS Waldbe
used, but for only 3 minutes (i.e. 18 pulses). 1. Anti-DIGis diluted
100- f ol dDWiat deqleccBBBa( phesphienibnf bahe thrge|DNA)andphs7wal bi2d e tagget t he
diluted anti-DIGis added onto an al um na-coated chip and is incubated at
41C for ZNROWaShas previously been caught by the capture probes. To enable the caught target
DNA to be visually detected, gold manoparticles coated with sreptavidin are added- and
because of the affinity of streptavidin with biotin the gold nanoparticles will become attached
to the detection probes. The gold nanoparticles themselves are too small to be seen clearly,
but 2 solution containing silver ions may then be added which will be reduced on the surface
of the streptavidin-coated gold nanoparticies to form a silver layer, which Is visible as a dark
deposit.
To reduce the background signal the chip may preferably be treated with salmon
sperm DINA. As an aliernative to salmon sperm DNA, albumin, or other proteins, or Ficoll,
may be used.
"The visibility of the silver deposits may be further enhanced by the use of a fixative
solution, such as sodium thiosulfate. Conventional 1maging equipment and techniques may

then be used to detect dark deposits in the reaction cell, which would result from the presence

of the target DNA 1n the sample.

Example
The following example is of a protocol for detecting P-actin DNA in & sample. Tas
hybridizaton sieps are electronically assisted, preferably by pulse hybridization using applied

puises, though continuously applied current s also possible. Pulse hybridization, however,



3. The anti-D G solution is discarded and the chip is washed 3x with 80l ix
PBS, pH 7.4 Rj 8L 6154 P and down during every wash). 4. 1111 1041\ 11 of the
DI G | abel ed capt ure’ probes together with 0.2pg sal non speroT/BNAkMIRI41 | X
PBS is added.onto the chip and incubated at 41C for 30 minutes. The sal non
sper m DNES'S OFF485t 1P ool shit adergsidy iheabighy 4ien05Cyhieall BumMishAY @orgﬁ £pds and
is then ,mléggﬂw'@;t{]h%hgmg G | abel ed capture probes. 5. The DI G | abel ed _
capt ur e Ppelgéreiog viboidizatich sfafhreamsip @M0n BN S Olnitrt Ofy; i searded .washed
three times with 80ul | x PBS and olﬁce with ix SPE?‘PJH)GD.%E gﬁgﬂp%ﬁ‘imfnffm

sanpl e ofeciB-mddsk il S etreonass) Falldvecriic) eQll i,ngle-stranded . target) in Ix
SSPE and apply electric pul se curremﬂnf as d@cﬁ"%‘éé&%@@lﬂn‘?mmwst gﬁ' &

hybri di ziatal 6N48 p@sdd. Frems Rip:aXmwe alx S _7.. Add detection probe
(lul, 10cM to jtﬂ%e chi p. %%%}d?%gp%g?%h?cé%ﬁﬁggg?&ﬁt% efﬁ’gma‘?é}s@ﬁp%ﬁe’g}fﬂ@r 3

m n. Vsfie thee hRbiRiosXmM 1 PE.ahd.once.with | x PBS 8.
St rept avi di n- coat egﬁgrg}é%%gg%gb@rt??gﬁé’? Pérﬂit%ﬁ G&d- ek gma Chenical Co.,

Ltd, St. Leuis, s1M.: Iy U e diluted 10-fold with I x PBS, pH 7.4. 9.
The diluted st ré‘%g’\?% H@%%%Sf%‘)d%@ﬂowgﬁ h;é%@gﬁll?f@h%-b&fféreédd'eﬁ),m The chip
surface and i ncubat at 41C for 15 mnutes. WO

2004/ 01513gPCT/ %ﬁ@o‘ggﬁﬁoé%‘%id ant-DIG 15 added onto an alumine-coated chip and is

incubated at 41°C for 2 hours.

3. The anti-DIG solution is discarded and the chip is washed 3x with 80w ix PBS,
pE 7.4 (pipette up and down during every wash).

4, 1pl 10pM of the DIG-labeled capture probes together with 0.2pg satmon sperm
DNA in 50ul 1x PBS is added onto the chip and incubated at 41°C for 30 minutes,
The salmon sperm DNA is firstly denatured by heating to 95°C to form single
strands and is then mixed with the DIG-labeled capture probss.

5. The DIG-labeled capture probe solﬁtion and salmen sperm DNA solution are
discarded washed three times with 80ul 1x PBS and once wzth 1x SSPE.

6. Add 5ul _ligM sampie of B-actin sequence (a 91 nucleotide single-stranded targef)
in 1x SSPE and apply electric puise current as described for & min Afer

hybridization, wash the chip 3x with 0.1x SSPE,

7. Add detection probe (lul, 101M) to fhe chip. Apply eleciric puise current as
described for 3 min. Wask the chip 3x with 0.1 SSPE and once with 13 PRS.

g. Streptavidin-coated gold nanoparticles (obtained from Sigma Chemical Ce., Ltd,
S;. Louis, Missouri, USA) are diluted 10~fold with 1x PBS, pH 7.4,

9. The diluted sireptavidin-coated gold nanoparticies are added to the chip surface

and incubated at 41°C for 15 minutes.
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10. The diluted streptavidin-coated gold nanoparticle solution is discarded
and the chip is washed twice with 80pl Ix PBS, pH 7.4 (pipette up and down
duri ng ever VOReMN1S1and 3x with 80til autoclaved milli-Q MavexNzo(3nopett e up
and down during every wash). 11. A 1:1 m xture of silver enhancer solutions
A and B (dbt ai dbd diintoinsSerpradTmenied foldCoanopatittle Splutitrodd discavfisgisand the USA)
is prepared just before use and the followi ng steps are perforned in a

dar kroom 50ulceb if heshsd twiee withi3apcierPB)Ipil 7 .anpipstagsied @rioadhe «cbkp and
i ncubated at roomtenperature for 5 mnutes. 12. The silver enhancer

solution is di sganded BNehith BLCRhBCNASNeTETNGAM (biheab te Gl Vi@ dmMikdds- Q

wat er before 50ul of 2% sodiumti 3iosulfate is added onto the chip. "Pipette
up and down ongg.tQ..kenove background and to fix the color. 13. Discard the
sodi um t hi osul fat e sol'ution after 2 mn incubation and washed with

50ulm lii-Q water,, . u u e L Li- er.i.s added anto the
chip. 14. &se vel'f%gé%%g)gr%ﬁ%egﬂgﬁb%ar%ﬂs%o SA(%F\@??%ED% %/ﬁ?w g%pti cal
sigma' detection systel rinmental results. The fol | ow ng experi nment al
resul ts shown i@“aﬁg@i$=%%gget\/\}le@é& %’iuﬁeﬁjsééilﬁﬁmﬁ’ﬁrédé% %fOFFy‘HFiaE}igib&ti on

protocol with certain paranmeters being varied as w |l be understood from
the fol | owi ng. PHOWIRE s¥as @€ PeriRBngaE o dapRpoded G oF e SiuperrianesT sqjation
foll owi ng: an al um num oxi de attaohnment |ayer provided with anti-bl G
DI G | abel ed capi aidsd grsbs ciip ahdhigcaraBNAT oy Frameradonptemntgsy to a
singl e-stranded nucleic acid target, biotin-|abeled detection probes for
bi ndi ng t oizapt Titzediitzar giztsser asoditot r e pliasdrdidn asd ahe deidgpo | veksheh @pes rvithi es
wi th silver enhancenent for visualizing detected target DNA.

autoclaved milli-Q water before 50ul of 2% sodium thiosulfate is edded onto the

chip. Pipette up and down once to remove background and to fix the color.

fa
Ll

Discard the sodium thiosulfate solution afier 2 min incubation and washed with
501l milli-Q water before 50p] autoclaved milli-Q water is added onto the chip.

14.  Observe the appearance of dark spots on the chip with an optical signal detection

system.

Fxpernmental results

The following experimental results shown in Figs.Z fo 5 were obiained using the
above hybridization protocol with certain parameters being varied as will be understood
from the following. In all cases, the basic DNA detection scheme 15 the following: an
aluminum oxide attachment layc;r provided with anti-DIG, DIG-lzbeled capture probes
having a DNA fragment complementary to & single-stranded nucieic acid target, 'piotizz-
labeled detection probes for bimding to cap‘mréd targets, and sireptavidin-coated gold

nanoparticles with silver enhancement for visualizing detecied target DNA.
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WO 2004/ 015138PCT/ CN2003/ 000661 Fias.2(a)-(d) illustrate the

effectiveness of the DI G| abel ed capture probe in the detection of the DNA

target. Fi gwo2peorsdgl (c) both show the chip before hybrpdizricbomessThe

reaction cells are white because no silver deposits have been forned.

Fi gs. 2(b) arfes(di))-Ehdiustiaie thhi gifcafitarsshybithcd et iabs et dabntherdbt Gn l abel ed

capture probe being present in Fig.2(b) but absent in Fig.? d). The

reaction gekdifonalienSBHRA fa%e@eﬁig@z@and 1) oo &) trdeh@ny, borF Q}(b%(ﬂ}.t how ng

t he deposit or silver. 1gs.3(a)-(d) show t hat darKenea si'lver deposits

are only fgr 4 4§88 HR.& N g 126 f the. t et . DNA.
ST e ) S R B B i Pl 288 on,

Simlar to Fig. 1gs.3(a) and. (c ow 't fore

while Fi 3 nd. - i r bridi.zatign with the target
DNA bei ng?@r%’gégr@; ci%rl}g %@%@?ﬁéﬁ%ﬁ% ?ﬁ%%%@"‘ﬁ?é?%&%ﬁm&é%ﬁ%% EERR sgen
t hat dark _de [ts.of silver e formed .n the reactiaon cells only in the
case of Fi%‘g(%g%"m\ﬁﬁmmt EEgdara@é?treWniC@bSpWE%?ﬂ t.oaoe Geries ?Mf@m)dyg#lﬁr t her

denonstrate the effectiveness of the present invention by denonstrating
that the Ji§-9lh shosprstine denpst 6l @ar ker with increasing target DNA
concentration and thus that the optical signal increases in proportion to
the target DN&s8@htdshowithydarkpagssiWengenpels ahoniyt emehirpthafréagtion celis
hybri di zati on and detection with (a) undiluted target DNA., (b) target DNA
di | ut ed 5-ifdihechresamck of the e geNADBMt: haFed, Fosf30h)dind(t) shbivlthdemobsetved
that the reaction cells in Fig.4(a) are darker than those in Fig.4(b) which
in turn argbdarkesn, Wdp RR0SE idd (@) ghak Me fhip 466) hinidieeBRarisen wshews the
chip with no target DNA present and thus white reaction cells with no

si | ver depsgit %%]presfn't %@'ﬁéfs(bfbﬂly5an%h@dﬁsﬂiébg}> Wi th%ﬂ%ets)éﬁrpﬁia% wopti cal

signal varies with the concentration of the G Capture probe. 1g.5 the

DI G capt ur g..06a08 SORCRNLALS %@\éarg@%? ?%&[ A3 ol A LEHL 46, Lighl.and the

reaction cel'l's beconme correspondin er-as ess silve eposit ed.
l. Apparatusgg det ,ng target DNA in a biological sanple using
el ectrical tafff rﬂgqﬁilggfﬁg%nﬁ', conprising a substrate formed with at | east one

reaction cel |, @Q r el aid reaction cell jncludes having an al ym num oxi de
| ayer provi ding ES's@r &ﬁ% Tt SRR P Y ETGES ﬁl&aﬁ"?%né BYFBES Bn whi ch
DNA capture probes are attached;, and neans for in-use electrically assisted
hybri di zat FEROBE RS H12s dhY SHETGRTPIHINA PAFRIPS ArEkeE a5t riecrprseise srget 2DNA
Apparatus as clainmed in claim1 wherein said alum num oxi de |ayer_providing
t he surfacecicsnFasiersld Bips dkat dat PRiF2biem aireaseninpioag@ien o Bie iMgpaPHtus as
clainmed in claim| wherein said al um num oxi de |ayer providing the surface
is formed byncanepignt Bigbrt@ctwmgiis. chip after hybridization and detection with {a)
undiluted target DNA, (b) target DNA diluted 5-fold, and (c) target DNA diluted 10-fold.
It will be observed that the reaction cells in Fig.4{a) are darker than those in Fig.4(b)
which in turn are darker than those m Fig.d{c). Fig.4(d) for comparison shows the chip
with no target DNA present and thus white reaction cells with no siiver deposited.
Finally, Fig.5 shows tha! the intemsity of the optical signel vares with the
 concentration of the DIG-capture probe. In Fig.5 the DIG-capture probe concentration

varies decreases from left to night and the reaction cells become correspondingly Hehter

as less silver is deposited.
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4. Apparatus as clainmed in any of clains 1-3 wherein said al um num oxi de

| ayer providing the surface is coated with a first nolecule to act as an
attachment |ayer for the capture probe. 5. Apparatus as clained in claim4
wherein said apparatus further conprises capture probes attachegtq said

al um num @xARS | ayer providing the surface, and wherein said capture probes
are labeled with a second nol ecul e which can attach to the said first

mol ecul e. . A@parippér deteing sarget HNfedd 4 hiokeiak! rrapiaiveing elsctsed! dytappatioat us
further conprises capture probes attached to said alum num oxi de | ayer

provi di ngeofmEsieg p Phate f%{ﬁ‘é‘P Wifedt dgaft caateaetion pttivaerpip stibsadire cqlldidided with a
second nol ecul e having agn affinjity wwth said first ule. 7. Apparatus
as clainéﬁ”?ﬁa%wﬁTWP§%8&3%“Wﬁ@?@ﬁ%a§§ﬁﬁa%F#?ﬁ“ﬁﬁﬁwgggbﬁ%“ﬁﬁvﬁéﬂwgh conpri se

an anti body-proteipn pair. SLLP 8 ratus.as. clainmed in claim?7
. iy ned; PR&! SinS
wher ei n s%?&gf?rsfgﬁ%%ggdrgm%5ﬁbgwgé§’angﬁyﬁ?%g%lﬁéﬁ?ﬁeg%T%%oa%%g{ and

uherel n - sghfusRECOMJIRLEEULG GOMRIY S83.Ahopxbgeni n. 9. Apparatus as

clained i aim erein said first and second nol ecul es conpri se
streptavidin and biotin, or vice versa. 10. Apparatus as clained in any of
clainms 1-9 wherein said alum num oxi de |ayer has a thickness of at |east
S0A. 2. Apparatus as claimed in ciaim 1 wherein said aluminum oxide layer providing the surface is

formed by oxidation of an aluminum layer.

3. Apparatus as claimed in claim 1 wherein said aluminum oxide layer providing the surface is

formed by a sputtering technique.

4. Apparatus as claimed in any of claims 1-3 wherein said aluminum oxide layer providing the

surface is coated with a first molecule to act as an attachment layer for the capture probe,

5. Apparatus as claimed in claim 4 wherein said apparatus further comprises capture probes
attached to said aluminum oxide layer providing the surface, and wherein said capture probes

are labeled with a second molecule which can attach to the said first molecule.
6. Apparatus as claimed in claim 4 wherein said apparafus further comprises capture probes
attached to said aluminum oxide layer providing the swrface, and wherein said capture probes

are labeled with a second molecule having an affinity with said first molecule.

7. Apparatus as claimed in claim 5 or 6 wherein said first and second molecules comprise an

antibody-protein pair.
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11. Apparatus as clained in any of clainms 1-10 wherein said al um num oxi de
| ayer providing the surface is coated with a reagent to reduce the
background signal in a detection process. 12. Apparatus as cl ai megsliine
claim 1l wherein said reagent conprises salnon sperm DNA. 13. Apparatus as
cl ai med imn spbaitta dlclvihed & daisal dhersiageidt firgonpeiukesongkilza nntrdigongeotnher
protein, or Ficoll. 14. A nmethod for detecting target DNA in a biol ogi cal
sanpl e, coripdies amwichen stdepondholdud dowptiswiliggrizenta) providing a reaction
cell being free of any agarose or gel layer and formed with an al um num

oxi de surface, said surface being coated with a first nolecule to ensure
the correct orientation of capture robe vé ddi | ng aid cell a

sol uti on tORPARH ?'fgd%“&b‘{ iy ﬂa“ﬁr%ﬁreg getreddittherg SERQR é’}é’%ﬁ@?fc‘é’mt%sﬁpl ementary
to said tarqet DNAba nd | abeled with a second nol ecul e having high affinity
wi th sai FUFTAEE" 8 PRET % Vice ‘(‘3(55)21 suppl ying said sanple to said cell, (d)
adding to said cell a solution containing target DNA detection probes
formed with a DNA sequence conplenentary to said target DNA for el ectrical

hybri di z alt()I /Q;F:}Jamuts B &DGed i‘}‘}rag_;fa(;f R 1.9 WeRlik-Rid atuminum oxide layer has a

thickness of at least S0A.

11. Apparatus as claimed in any of claims 1-10 wherein said aluminum oxide layer providing

the surface is coated with a reagent to reduce the background signal in a detection process.
12. Apparatus as claimed in claim 11 wherein said reagent comprises salmon sperm DNA.

13. Apparatus as claimed in cfaim 11 wherein said reagent comprises albumin, or other protein,

or Ficoll.

14. A method for detecting target DNA in a biological sample, comprising the steps of the
following:

(a) providing a reaction cell being free of any agarose or gel layer and formed with an aluminum
oxide surface, said surface being coated with a first molecule to ensure the correct orientation of
capture prabe,

(b) adding to said cell a solution containing capture probes formed with a DNA sequence
complementary to said target DNA and labeled with a second molecule having high affinity
with said first molecuie,

(c) supplying said sample to said cell,

(d) adding to said cell a solution containing target DNA detection probes formed with a DNA

sequence complementary to said target DNA for electrical hybridization with the target DNA,
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(e) providing an electric current for in-use electrically assisted
hybri di zati on between said target DNA and said capture probes; (f) adding
to said cell neans for generating a detectable signal in a cédSitrere
target DNA has been captured by said capture probes and detected by said
det ect i onepfORRS; an@Rerif G)redeteicticnipesiailly asisgalbridiZdton Wvwet fagdargg ¢l ai med
in claiml1l4 wherein said first and second nol ecul es conprise an

ant i body-preteisaidpaitwre proi; A net hod as clained in claim15 wherein said
first and second nol ecul es conprise antidi goxigenin and digoxigenin. | 7. A
met hod as(Doldingredaid pelioheaisfonGnarise e driecdicdianpint clmhesdean BNdPecul es
conprise an interacting pair of proteins or non-protein nolecules with

af finity Yeercapiied Angidrapiure prgpes sad fAglgefrd gy 5dd ‘éqt‘?ﬂ‘?f@aoqeﬁ 38 ai m 15 wherein said
first and second nul ecul es conprise streptavidin and biotin, or vice versa.
19. A metBbiegdresy Fﬁﬁg in any of clains 14-18 further conprising the
addition of a reagent for reducing the background signal. 20. A nethod as
claimed in claim219 wherein said background signal reducing reagent is

al bumin_ Ofs k38 LSy ld QB AR TR ARSI PNY sccchd mofle MBLbAG:AE Cl ai med in
any of clains -20 erein in step (0 said neans for generating said

si gnal i nglipdes, ais@fution of streptavidin-coated gold nanoparticles that

bind to said detection probe, and a solution of silver ions that are

reduced on the surface of said gold nanoparticles to formsilver deposits.
16. A method as claimed in claim 15 wherein said first and second molecules comprise anti-

digoxigenin and digoxigenin.

17, A method as claimed in claim 15 wherein said first and second molecules comprise an

interacting pair of proteins or non-protein molecules with affinity for one another.

18. A method as claimed in claim 15 wherein said first and second molecules comprise

streptavidin and biotin, or vice versa.

19. A methed as claimed in any of claims 14-18 further comprising the addition of a reagent for

reducing the background signal.

20. A method as claimed in claim 19 wherein said background signal reducing reagent is

albumin or is derived from salmon sperm DNA,

21. A method as claimed in any of claims 14-20 wherein in step (f) said means for generating
said signal includes a solution of streptavidin-coated gold nanoparticles that bind to said
detection probe, and a solution of silver ions that are reduced on the surface of said goid

nanoparticles to form siiver deposits.
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MCSLLP 22. A DNA chip for detecting target DNA in a sanple using

el ectrical hybridization, conprising a substrate including at |east one
reaction cell, said at |east one reaction cell having an al um num oxi de

|l ayer with a surface on which DNA capture probes are attached, j;and; peans
for in-use electrically assisted hybridization between said target and said
capture probes. 23. A nethod as clainmed in claim?22 wherein said electric
current 28 ADD dipdoredeisetingitasact RNAdhE sample wing ekgitical RDRHigFESPBBE Bef or e

hybri di zati onAfter signal formatio . . .
a substrate including af least one reaction celi, said at least one reaction cell having an

alaminum oxide layer with a surface on which DNA capture probes are attached, and means for

in-use electrically assisted hybridization between said target and said capture probes.

23, A method as claimed in claim 22 wherein said electric current is a puised electric current.
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Wt hout capture probe Before hybridizati onAfter signal

/5

FIG. 1

formati on




FI G 2(d) 4/5 Wth target nucleic acidWth target nucleic acid
(undiluted)(5-fold dilution) FIG 4(a)

2/5

With capture probe
Before hybridization After signal formation

FIG. 2(b)

Without capture probe

After signal formation

FIG. 2(c) FIG. 2(d)



FIG 4(b) Wth target nucleic acidWthout target nucleic acid (10-fold
di | ut ed) FI G 4(d)

3/5

With target nucleic acid
Before hybridization After hybridization

FIG. 3(a) FIG. 3(b)

Without target nucleic acid
Before hybridization After hybridization

FIG. 3(c) FIG. 3(d)



5/5 DI G capture concentration FIG5

4/5
With target nucleic acid With target nucleic acid
(undiluted) (5-fold dilution)

FIG. 4(2) FIG. 4(b)

With target nucleic acid Without target nucleic acid
(10-fold diluted)

FIG 4(c) FIG. 4(d)
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DIG captfure concentration

FIG. 5



