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fromone of a yariety of materials including glass, =
seaugrf R aRLE Sl gl TR FRlsiccagid BB igeneh R Tapdn Errvpfimizing
of _.el ectrical contacts are -fornmed using known
the performaRtred suchanpatallist a particul ar DNA sequence in a
bi ol ogi cal sanple, capture probes consisting of
conpl emrentary DNA fragnments are attached to the chip
surface. If a biological sanple contains the target
DNA, the target BBNKGROUNDIORITHE INVENTION enent ary DNA

f t hyhri di zati on,. i.magi Lo
tcchinat 6 e ab 180 nife A0E BtuRiiny b Romaterepione i
nd tbhu th?'ngsence,Ln t he sangle of the target DNA.~

an 15&65@?&’@ SHORIPERORIAEnE BNAy &4t Dlped. phrsmgaysingregc. Conventionally,

robes, the hybridization process nmay be accel erated
a chip o R4 defrstiony ist forned¥iotp e 53 Vietn bf matericls limvlatdingiglass, silica
Thi s basic hybridization technique is described, for
andotetadp O, the snrigse 5f $4 9Hi@ G, nuPRECH oMRrical contacts are formed using known

techniques. To detect a particular DNA sequence in a biological sample, capture probes
- consisting of cqmplementary DNA fragments are attached to the chip surface. .If a biological .
sample contams the target DNA, .the target DNA will bind to the complementary DNA
fragments by hybridizétion, and vanous imaging techniques may be used to detect such
hybridization and thus the presence in the sample of the target DNA. By applying an electric
current to the capture probes, the hybridization procsss may be accelerated and thué the

detection process is also accelerated. This basic hybridization technique is described, for

example, in US 5849486.

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

hybridization when it occurs. Concerning the latter, a traditional method of detection is
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concerned are the binding of the capture probes L 93 FEB 2007
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DNtAaisgiedund DiNRe iggldopuiticles tho@sdsthrpabd ismaft So tH€ eg; :
are too small to be detected, but t he ch?py% ‘?E%%@m the chip

surfiBY niafehedBe IiRaY @HhM Eglu@onseérﬂ%g sﬂg%}é%ing In’ﬁ% étillxgr ions are

silver ions. The silver 1ons are oSi

icl to forma.visible _.
AR5 8 b B RAREHALS i LB o
'[@gj tus. Concerning the binding of the
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a chPSeutRe e Bmdine ! the capiurespbssde die)chinssuaface ohe dighdulty is that

step that (is highly sensitive to disturbances in

thee%?ﬁ%‘ﬁl% Rf e QB‘%‘dP goppaeotides prie tai chip awrfaoat(esg. anilicon wafer) is a

-~ .electric current is applied during the electrically

oriiaak pigp &t Iy Ehlyiseraitivsrio disbrbmess inedupetimentylséamditeys. In particular
occur that can adversely affect subsequent reactions

Wheh @n (RqeEEY FgTent liy applied kdwoing thorleexiaalpyl essiseedChiridizagon process,
chip surface with an agarose gel and the DNA '
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However, there are a number of problens with usi
thegaiods Ryerfoyl aithd/of the high ¥Sihify interaction between biotin and streptavidin that

1s 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
difficult to manipulate a molten agarose gel so as to maintain an even coating on the chip. In
addition the density and concentratio-n of the agarose gel must be precisely controlled. Thus
manufacture of a chip with a suitable agarose layer is very difficult. Furthermore once
applied the gel must be kept moist to prevent drymg and cracking, and agarose is very
unstable and degrades at high temperatures, and so the chip must be réﬁ-igerated aﬁér

application of the agarose layer. The agarose layer is also very delicate and susceptible to
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and susceptible to 2 WD 2004/015138 13 FEB 2007
PCT/ CN2003/ 000661 nechani cal stresses, and thus the
storage and transportation of the finished chipis
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© flsﬁﬁ hiay BB PH e e BB RO daedlipgyang stregens dhdgpparatus, and
OFi dati on of iag-,%r eviously fornmed alum numlaver, or
WHIGR PEFFIRES O 3 Least ampedcHhe Bobleme Mitigelecxolsishod of
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| ayet® PP e atashmen surfens iaayi kenfomerd byrexiddtmotofirereviously

An_attachnent |ayer adsorbed to the al um num oxi de
fo 1num layer, or directly, for example by sputtering.

A method of attaching the capture probes to the aluminum oxide layer would increase
the convenience of manufacture. An attachment layer adsorbed to the aluminum oxide would
perform this function. 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 a protein used to label the DNA capture probes,
so that the capture probes may be linked to the attachment surface through an antibody-
protein pair linkage in a defined orientation. Alternatively, however, the surface could be
coated with any protein and the capture probes may be labeled with a protein having a high
affinity with the first protein, for example streptavidin and/or biotin,

To reduce the background signal, the attachment surface may be coated ﬁm a reagent
such as albumin, salmon sperm DNA, Ficoll, or other protein.
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resulting in the correct orientation of said capture
probe, (&equemdi cognpiiemenzirg toedald Bargfl UNIAORNE Q=RdNWRE 2 second
capture probes fornmed with a DNA sequence
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second protein having high affinity with said first
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"4 .1 3 FEB 2007 WD 2004/ 015138 PCT/ CN2003/ 000661 (e)

adding to said cell a solution containing target DNA3 FEB 2007
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cell where™ target een €aptu
capt ur tected by said,  detection probes,
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Wil | ?ﬁg\gd% %éé@??aﬁéaeaeﬁ ?%?e%?ah@ﬁ &nfstestablneigndltih a cell where
reference to_the acconpanyi ng draw ngs, in which:
Fig. 1 i'@eg S2¥eht besn\aaprad B said aeptoy mobdsi mmd detected by said
according to an enbodi nent of the invention and al so
i |1 ust réfigofign piobeshedst i di zati on and detecti on schene,
Figs.2(a) to (d) show reaction cells obtained
exper@ndarciiht yaid fighalshow t hat the presence of the
capture probe enables the target DNA to be detected,
Figs.3(a) to (d) show reaction cells obtained
experinmentally that show that the presence of the
target DNA i SRIEE Dy @?5%73 i its will be
formed, Figs.4(a E%Eg ?ﬁ{)ng?gaﬁéﬁ%n efls obtai ned
expeEp ﬁ@h@fngVS phisie pechenninvimtiont Widl nowrtieatesiried B WAy example
silver deposits increases with increasing

and with cefprencetto dre aoomtireying depetingsDiNAvliith:t he sanpl e, and
Fi g-5 shows reaction cells obtained experinentally
t hiig. s frow stheatit heew niestaiitgy aothif Beordihd V&, d&m@m
varies with the' oncentrat ig/on ofﬁthe dci:%:’p:{ﬁrag pro e.gm of the

DERAEhtidD £ SeRilE 4N G IRBEEERRED: rﬁl\ﬁﬁ%
Referring firstly togFieg.}}lgﬁt]n%erle IS S om%\wﬂﬁéne’

schgnRBtd) cl tdy RoWOoMELHAPRAL acthh’a?inédo rexﬁe'&%entaﬂy that show that the

presence of the capture 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,

Figs.4(a) to (d) show feact_ion cells obtained experimentally thaf show that the
intensity of the siiver deposits increases with increasing concentration 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 the concentration of the capture probe.

DETAILED DESCRIPTION OF PREFERRED EMBODIMENTS

Referring firstly to Fig.1 there is shown schematically a novel apparatus 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 a layer 2 of aluminum is fabricated,
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lay(eg AR DY ffiregy 11390511%% of plyminayy theseacg of the ehipovitheat the need for an

described in nore detail. In a first nethod of formng
alyrpigums Layer Al SResd @ossiyilaes vall bernowrbeidsscabbditardore degilow

on a clean alum num surface that is exposed to oxygen

and Inatiest me8idd afgorhing shet dhahinameoxideolayere fti@ehum fshiliBwed to grow

| ayer of alum numon the surface are first rinsed wth

onda $leah labininarh edurface k0 Re dxga¥eddidd Bk??n'diﬁowée/? (&) ¢ tﬁps that are
NaOH sol uti on for about 30s, and then washed severa

fabricated with R Qist of higghimgd 8h @@Q&?&Eenﬁe fg stt Bifisel §FHRAD

described in Sharma CP & Sunny MC um n adsorp
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cont al ner an nors
nditi.ons.the surface of .the m oxi di zes
Aﬁ? SRR S P PR BSOS SR sBens s’ Biomatrials, 1990
modi fication of this process the chips may be sinply
e 2aared The tirs e thandgaing oxsmightiat WER iheataydn atith60@e water in a
for 48 hours. As an alternative to form ng al um na by
copsaRea e BN meisrenyrisnttessyenditinns fersarfagyof thealuminum oxidizes
deposited directly on a silicon wafer according to the
tofagirhipguniig asthiginess pfighaub A tlh @msodifiEatioh prend proAREtH2dips may be

Sputtering system RF power: 120W Base pressure: 1.04 x
sibPlycleaned with distilled water and then heated at 60°C for 48 hours.

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

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

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

Base pressure: 1.04 x 107 torr

Process pressure: 5x 10 torr

G;':ls flow: Ar/O, =30.2/7.5 sccm

Stage rotation: 8 rpm . |

Sputter time: 45 1."ninutes

Minimum thickness: 100A



" Process pressure: 5 x 10-3 torr Gas flow Ar/02 =
30.2/7.5 sccm Stage rotation: 8 rpm Sputter tinme: 43 FEB 2007
m § mum t hi ckness: 100th 6 ;1 3 FEB 20Q7_ WD
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Ch'Thse al um na- csoat e% chip may be patterned by

Fotkrent i onal ﬁf&x n?Iflhographi c techniques. In .
addi ti on, whichever nethod is used to formthe al um na
| ayer, prior to hybridization the coated chip is
washed once with I x PBS (phosphate-buffered saline, pH
7. 4 hatalyaipacodapediip uney [bg patissteidnyy t trevemiiartal @hotolithographic
repeatedly over the chip surface. O the alternative

tecireighesd dn ciddition iwhipheee mbthod fia ubedy & forRplid @hinfith WY, prior to
be preferred as studies show that is produces the

hybrdigston hbe kgitaiuetdp S¢ gacled oAb GIBVIS! PBS GPRdsHERe borleE thline, pH
for formng the alum num|ayer, the thickness may be

7.H%at lr6@S terdRfarurd] B4 hipEHAZO%E dSlutich f%g;@{t@(fl(f gngelf ﬁfet %Kb%uggace. Of the

probe attachnment "surface because conpar W

Lt abl d_po L
SR SoofPELREL b3 BUERR e BUE-RUPE SUIDLE o
R SE TN e T T —
o GRS e L L0 YL gagarose T i cul

and t hi ckness of the alum na | ayer can easil be
contMBIITER p¥ide ipPEHETE By the pepe miachmeens Sutfecsr basguse compared
conditions or the air noisture content). The al um num

witl iforcxampleat Brpse disik Fieaper, patetstablrethdusém glucabtey énaddiival aluminum
phot ol i t hographi c techniques. The use of a patterned

oxadleu v Upm siored edrly agmelr af socaw tempeageeudmbetantse alimi@@n oxide also
reduce the background signal due to reduced

elimginatspiie ipfabtersi asehoirged witld elogtralysts: &asddigjort, Rhile agarose is difficult to

handle to form controlled layers, the pore size and thickness of the alumina layer can easily
be corﬁrolled (for example by altering the sputtering conditions or the air moisture content).
The aluminum oxide can also easily be patterned using cpnventional photolithographic
techniques. The use of a patterned aluminum oxide layer is advantageous because it can
reduce the background signal due to reduced non-specific binding, and by increasing the
contrast between the area being imaged by the detector and the background.
Referring back to Fig.l there is also shown schematically the basic hybridization
: scheme_ using an apparatus and met'm-)d according to-an embodiment of the present invention.
In particular, in Fig.1 the attachment surface is a layer of aluminum oxide formed on
aluminum. A circular reaction well may be déﬁﬁed by depositing silicon oxide on the
aluminum oxide attachment surface. Within each reaction well, capture probes are attached to

the aluminum oxide layer. The capture probes are not attached directly, however, but through
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2007 WD 2004/015138 PCT/ CN2003/ 000661 a |inkage
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fun(anti -DIG antibodies. In particular, anti-D G
cironk (30 dih exdtachmeerhdgyer e dndiye thhethal idFhdbiigea X
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2 PHT BHRE IS MY oY SRy high Sy fon aaph Ailier, ox epepainofive-protein molecules
incorrect orientation. In principle, the anti-DIGE DI G
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while in the preferred enbodi nent descri bed herein

easmgd atlklia ismalll geibcak stittCasBIGAb ia\chpthrel frobd thA0it GRAN 8% attach an
an

antibody to the capture probe. Furthermore it should be noted that the capture probe could be

directly attached to the aluminum oxide layer by the addition of a terminal amine or aldehyde
group.

It will also be understood tha;t the capture probes are foﬁned with a DNA sequence
cdmplementary to the DNA target that is to be detected in a sample. Therefore, when the
sample is supplied to the surface of the chip to Wthh thé capture probes are attached, if the

target DNA is present it will bind to the complementary DNA sequence of the capture probe
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o SO 0R S BT L OB R T BB rvibranl e et oo the surtuc
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of Y PSR HRHGY 51 SRR b QeI VaT st e RIch imisiplegs 2 dark
streptavidin with biotin the gold nanoparticles wll

depg¥tone attached to the detection probes. The gold

nanﬁgar icles thenselves are too snall to be seen

cle ITV%UCS-BIER bagkgroupd sighalcloptchipninay psefewbly bomsatediyvith saimon

then be added which will be reduced on the surface of

sperRONfr 4pEB RltgRREeoa setog shemmBhGp aftuirdth,es dtier fposteing or Ficoll,

silver laver, which is visible as a dark deposit..
. 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 imaging 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 in the sample.

Example
The following example is of a protocol for detecting B-actin DNA in a sample. The
hybridization steps are electronically assisted, preferably by pulse hybridization using applied

pulses, though continuously applied current is also possible. Pulse hybridization, however,



" To reduce, the background signal the chip may
preferably be treated with salnon sperm DNA. As an 13 FEB 2007
al teonemiovast o sal non sperm DNA, al bumin, or ot@%&
proteins, or Ficoll, naybe used. The visibility 0

lindifd edaSiaky @6 i f .1.he. use . .
of a f?xatP%ﬁgﬁggﬁﬁfggﬁfggagﬁggg%%%gpEﬁ&%ﬁf&g%rﬁﬁg@?‘mnmhmm
; i : 2 i ol nd techni ques may =
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se<{6§? é),lel%se ! ﬁnhcr?zﬁtg)sggcﬁ]é]wgq bb@glﬁﬁpt‘@ndmgsef@mm fog 8 minutes (i.e. a

le.is of a protocol for detecting P-actin DNA in
t"tgf(%;%pﬁ"%sres- the, Jyhridirasion plothe detsplionaprebetocibe cantimed shyple DNA,
assi sted, preferably by pul se hybridization using
the331ci cerditiprA magbe ushdyhios onlyiSmusdsyi.aiplpukes)cur r ent
is al so possible. Pulse hybridization, however, 9 WO
2b04/ 0A8+B8G igdiRfER D6l WIET 1 NBO @ RPESTuttdrd dafine), pH 7.4.
damage to the chip and results in a higher signal.
TY.pi cadOuhydir ibdi ditddoantc DA {si &GRd biis! - - :
hybri di zati on of the sanple DNA. to tﬁgpgg%?%?gﬂ%?bg%g‘mm i

t he apphbibaaidi?pa1°offolDhagecond pul ses (13 m croanps)
foll owed by a 3 second pause repeated for 8 m nutes

A8 . hybridizatio f
U s 4LDIG Qlludlh Bilted SRl ok 1ol Mool R Wl 1 ps,
gt t for,.only 3 mnute

e, R s B e By Y 100" 01w th
| x PB h - buf f [ , pH 7.4. 2. 501 of
e ot HIPRARE RS TR 66 g megpearosstion i G- dmon sperm

chip IS _. ed at 41C for 2 hours. 3. The
ant i - %5&%‘8@?[1%15&#%%%@&16% andénaythited it 108 FoveD minutes,
3x mﬁt@ 804l Ix PBS,. pH 7.4 (pipette up and down
dur i ng R/ BPORSEER DYA s sty Rerstured 8y Deinigaloe?8d to form single
capture probes together with 0.2g sal non sperm

strands and is then mixed with the DIG-labeled capture probes.

%C N2003/000661

S

5. The DIG-labeled capture probe solution and salmon sperm DNA solution are
discarded Wash’ed thr.ee times with 80p! 1x PBS and once with 1x SSPE.
6. Add 5ul 1~1 uM sample of B-actin sequence (a 91 nucleotide single-stranded target)
| in 1x SSPE and apply electric pulse current as described for 8 min. After
hybridization, wash the chip 3x with 0.1x SSPE.
7. Add detection probe (lul, 10uM) to the chip. Apply eleciric pulse current as
described for 3 min. Wash the chip 3x with 0.1x SSPE and once with 1x PBS 
'8 Streptavidin-coated gold nanoparticles (obtained from Sigma Chemical Co., Lid,
St. Louis, Missouri, USA) are diluted lo-fold with 1x PBS, pH 7.4.

5. The diluted streptavidin-coated gold nanoparticles are added to the chip surface

and incubated at 41°C for 15 minutes,
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"DNA in 5041 I x PBS is added onto the chip and
i‘ggubat ed at 41C for 30 mnutes. The sal non sperm N FEB 2007
[ fZPqAé’ng}/S denatured by heating to 95C to f or RCTIANG08/000661
traggs, nd.is thgg,nixed with the DI G abel ed capture
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sal non sperm DNA sol ution are discarded washed three

t i meshipiis Wasged twige PRE 8Emd xdRS, pil 1.4 (HipetSIPEnd GowAddribd every

11 uM sanple of R-actin sequence (a 91 nucl eoti de

si ngeshytandridewtith 80gktytociived InilISEPFaRNhipsH ¥ Sheabwh Suring

pul se current as described for 8 mn. After

hybr iecirg #agi)n, wash the chip 3x with 0.1x SSPE. 7. Add
detection probe (lul, 10M to the chip. Apply electric

1pUl s@ qur KRRt cLd fQfut:3nd AN the chi .
o wiih o et sgﬁ% %dr?%g& A ““?ﬁgnésé?x\?%bmme‘?%om Sigma

Streptavidi p-C d n kel es (obtained from

S gl Cor s 8¢ R VIRPARAIEA s el i beloan s and e
are dj .ed 10-fold w th.lx .PBS, 7.4, 9. The o
i Pl o Aof mftml A g SRR b s cpfeecer solution
added ta the ¢hip.surfac and i ncubated at 41C for 15-

i nutlse%‘?ae%mig“ﬁfgg’ HIFReuLHiEs sig9gmdampeature for S minutes.

E;CT/ 0Q3/ 000661 10. ‘The .di]uted streptavidin-coated

Igol d IBAafpacEhace soluten dh dissaxded cauddthe ainid whshed odricp with
is washed twice with 80gl - Ix PBS, pH 7.4 (pipette up

and dutRalaved mdE-@ watey befneesFul af@%3sodinim thi@QlFate is added onto the
autoclaved mlli-Q water (pipette up and down during -
ever ychiwaBinptte il andAioivnlonnt sotremthioveobackirouwRd atinb &RGES color.
solutions A and B (obtained from Sigma Chenical Co.,

13 d. Itcard theisdiut Saulthte sbidAdn hfferl SRR IRAbAHR LanB ST RE& with
use and the follow ng steps are perfornmed I1n a

dar Kreamnilh@) wafer Eé@resﬂ.olpyﬁﬁdc%@ﬂﬁl%[(} %&lzéﬂﬁé Med 5:?[ the chip.
added onto the chip and incubated at roomtenper ature
fOr SRV tRSappearance of dark spots on the chip with an optical signal detection

system.

Experimental results

The following experimental results shown in Figs.2 to 5 were obtained using the
above hybridiz?.tion protocol with certain parameters being varied as will be understood
from the following. In all cases, the bgsic DNA detection scheme is the following: an

- aluminum oxide attachment 1ay<;r provided with anti-DIG, DIG-labeled capture probes
-. having a DNA fragment complementary to a single-stranded nucleic acid target, biotin-
labeled detection probes for binding to captu:éd targets, and streptavidin-coated gold

nanoparticles with silver enhancement for visualizing detected -target DNA.
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~12. The silver enhancer solution is discarded and the

chip washed once with autoclaved mlli-Q water befoRg rep 2007
50W03904m951300di um t hi osul fate i s added onto the [

Pi pette up and down once to renpve background 5&3@2003/000661

fi Figslea)ga) @ltustrdtd. thb FeativintR CorSAdi Bf@-tlﬂjeega%\ljw,:{pﬁ&rg Jabe in the

solution after 2 mn incubati on and was

e ¢ : ' illi- is.
s on O MAUPANGR! i Aa0) SR Sndh it A WR ybricization.

t t Q. th. ti.cal signal
e oo e AR Bl b PR et e Y omect i) and

j al_result hown in Figs.2 to.5 were

R 35 a0l BTl 87t 1 Bibeled apas oot beg resmt i

ertai.n paraneters being varied as will be understood
fﬁg&ﬁ}? tbﬂégqﬂsqﬂﬂ’égﬁ/}%dl (The gactieraesdls aretsiven toelsd darliNén Fig 2(b) than in
gigt tion scheme is the follow ng: an al um num oxi de

S Fheine theydeposit efsiltesrd with anti-DI G DI G | abel ed

ca%t_ure probes having .a DNA fragnment conpl enentary

t o Fagss@geshowr thaidaikemad kidiet deawisits £r8Tc@8f forRle®@bd e reaction cells
| abel ed detection probes for binding to captured .
tahgpesncaoiths targp DNA. Gimilgaa R, G005 (2 RARDARLY e ip before
wi th silver enhancenent for visualizing detéecte

hybrgiedati dalNAvhilt IFigds, ER 20 QKow MR N :

PCT/ CN2003/ 0006%51%}; gs.?cg( a) - (0) Z}IQP faﬁg{lrﬁﬁ%aﬁé’n with the target
- BNpestihy pnress iRFikBe) Bufy tyre. probe.in the

det ect i o% of the l‘E)I\&)t ar géﬁﬁéﬁgéswa;&“ﬁﬂ&t (2% been that dark
ghowid freiicd) bridi zation. .The reaction L
céeblgl s glﬁgg%/\}h#%g gggﬁ% %%c%gF CRAS O b et cesth el (3@ rwhere the

A (b) and (d) show the chip after
L%??&Azlgk’?%%n%w th the DI G| abel ed capture probe being

prese i Fig. 2(b) but absent in Fig.2(d). The
P e (§>e|ft‘r§*9€ér‘ée BERE OB SIPSHYEEESS] AF Fhe Jreeent fryention by
L0 Fig, 2( owi.ng the deposit of silver.

|"é%‘f5§‘%£‘f- %S %Eﬁh 6%“?%9??08‘&% ﬁ%ﬁ?&? darkgre (withe pesséasing atarzet DNA
onlgformsdinthe reaction cells _ '
concentration and thus that the optical signal increases in proportion to the target DNA

concentration. Figs.4(a)-(c) show the 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.tum are darker than those in Fig 4(c). Fig.4(d) for comparison shows the chip
with no target DNA present and thus white reaction cells with o silver deposited.

Finally, Fig.5 shows that ;;he Intensity of the -opﬁcal signal varies with the
" concentration of the DIG-capture probe. In Fig.5 the DIG-capture probe conéenu'aﬁon

varies decreases from left to right and the reaction cells become correspondingly lighter

as less silver is deposited.
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"in the presence of the target DNA. Similar to-Fig. 2,

FI%{ (éqé§and (c) show the chip before hybridizatich3 FEB 2007
13¥(p) and (d) show the chip after PCT/CN2003/000661
hybri di zation with the target DNA being present in

CLAIMS 3(b) onIy and not Flg 3(d). Again it can be seen

L.

that dark its of _silver are formed in the
#8%86?% ﬁ% é‘F‘ieE% Fapest P feinc aduolegicnl; sanmylp) comhprising hesubstrate
target DNA is present. Figs.4(a)-(d) further
TR, oAt deash A Feliar celnmbercist salthesaphicrs enil incldensr slominum
by denonstrating that the silver deposits becone
duidk surfage for theattaghmeni @f DANAgetptubBrobeoncent rat i on and
thus that the optical signal increases in proportion
to the target DNA concentration. Figs.4(a)-(c) show
the chip after hybridization and detection with (a)

arbtik d didfngetin NG | fald,
o (c) targgtg o, | it 980 Mol R0 FRA € formed by

oRRekESt ahhfimihiig 14RACt ion cells in Fig.4(a) are

darker than those i'n Fig.4(b) which in turn are
darker than those in Fig.4(c). Fig.4(d) for conparison-

shows the chip with no target DNA present and thus
8k 6ac i.on.cel silver . deposi.ted.
' %’Hgﬁaﬁ :i d %Sii%m Fef?lﬂe“ﬁdn‘tlm ol sRdacs e ffermmed by 2

nal varies with the concentration of the

TRBIGFEPFobe. In Fig.5 the DI G capture probe
concentration varies decreases fromleft to right and
the reaction cells becone correspondingly lighter as
|l ess silver is deposited. 12 13 FEB 2007 WO

. 200472055 IRpET AORRE0 3/ IT066 $aid GlushivEn loxidsppaded itsscobied with a

detecting target DNA in a biol ogical sanple,

~ doshprotsinng act as aipsttachinent 1hyer fe thendabturéprobeast one

reaction cell, wherein said reaction cell includes an
al um num oxide surface for the attachnent of DNA
capture probes. 2. Apparatus as clained in claim1l

. Wiygraednes =S aiimed indlfitnd el ssidrdppaark SurtiF BBEpMs capture probes

~ attached to said aluminum oxide surface, and wherein said 'capture probes are labeled

with a second protein which can attach to the said first protein.

Apparatus as claimed in claim 5 wherein said first and second proteins comprise an

antibody-protein pair.

* Apparatus as claimed in claim 6 wherein said first protein comprises anti-digoxigenin

antibodies, and wherein said second protein comprises digoxigenin.

Apparatus as claimed in claim 5 wherein said first and second proteins comprise

streptavidin and biotin, or vice versa.

13



" oxidation of an alum num |l ayer. 3. Apparatus as
cl ®OR86r/Q16138| ai m 1 wherei n sai d al um num oxi de E & FEB 2007
is formed by a sputtering technique. 4. Appara(glg 1§§)03/00066]
claimed in claim1 wherein said al um num oxi de surface
is coated wwth a first protein to act as an
g : ; capture. probe. 5, Apparatus
o ShERE el bl b heh St S R BB i sy wrmea with
rises capture probes  attached to said alum num
g%gglé) % ﬁ?ftg S‘gt, as s &R?M?E‘F‘éﬁ lavez dorthe spptae@rqbeobes ar e
| abeled wth a second protein which can attach to the
said first protein. 6. Apparatus as claimed in claim5
0Where_i n said first and second proteins conprise an
10- &prBEays planed W g, wiereiApiar apbeianS Furkled boRHdel capturs probes
clalrrgle wher ei n Saldgielngsit protﬁ;}n‘).,i"(;];rrr)lr|sesQI :
afcned it el cpiurhimumaeti a5, ar@Nin HERr &ldcS3l C .
protein conprises digoxigenin. 8. Apparﬁia({]u ﬁg" pg(feoélg)%edlw“md
with el sabondimetbanehavisanhifiditShitd e 386 ARG YOt e ns
conprise streptavidin and biotin, or vice versa. 13
WO 2004/ 015138 1 3 FEB 2007 PCT/ CN2003/ 000661 9.
Apparatus as clained in claim1l wherein said alum num
War=N » t.ed. Wit h first mplecule to act
1. B8NS 4 LR Gt R sl BT atos thickmess of
tus as clainmed in claim9 wherein said apparatus
urt’her conprises capture probes attached to said
al um num oxi de surface, and wherein said capture
probes are | abeled wth a second nol ecul e having an
1 @Ifi_ni_ ty with said first nolecule. 11. Apparatus as
= ¢1PRATHEY 3 FiEmad i ¢laihérvéiereis atid shlminimuukiddueiRed AYRhied with 2
has a thickness of at |east 50A. 12. Apparatus as '
EFgrree rdduce thaibaskiravné sighai is aideteadiatiiroes® oxi de surface
is coated with a

13. Apparatus as claimed in claim 12 wherein said reagent comprises saimon sperm DNA.

14. Apparames as claimed in claim 12 whersin said reagent comprises albumin, or other

protein, or Ficoll.
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"reagent to reduce the background signal in a detecti Q% FER 2007
pr odas®4/@3138 Appar atus as clainmed in claim12 wherein
sai d reagent conprises sal mon sperm DNA. 14. AppBfrHENZ03/000661
as clainmed in claim 12 wherein said reagent conprises
al bumn, or other protein, or' icoll. 14 13 FEB 2007.

15. o meioen (1 TEECEETAGNR DOBA GO0 Giogidd sarfp REERRSHERY the stens of fhe
detecting target DNA in a biol ogical sanple, z i ”
conpallosiigy t he steps of the follow ng: (a) providing
a reaction cell fornmed with an al um num oxi de surface,

sai (e)pr6hiame 2 ReHG EPRfRdeMyf st proteinto
ensure the correct orientati ontgo %:llé]\%{nu OG5 FaTtac ﬁ}‘q,mce

addi N SFHeAwERl = tion containing capture.
probes f or rrte\g@lv.‘?\s/}iﬁt&‘1 K a e{élneta TRHERE 67ipTe RERRialaR aiEapturs probe,

sai go-taadﬁgl%tmDNA aﬁl? | abel ed with a second protein

havi-ng Nt gh aitd Aty TP sConHumng septpreopmpes fqrmed with 2 DNA
suppl yi glgqnsai d sanple to said cell, (d) adding to said

cel | &80Tt FORPEBRTETNICNEY raye DNINand édbeixi with prseii@s protsin
formed with a DNA sequence conplenmentary to said

t ar getD2MRA @) afBriay wiih sd Szt droged,| means f or

generating a detectable signal in a cell where target

DNA (PaSioplarms saidjsampiedo baid s#i,d capt ure probes and

detected by said detection probes, and (f) detecting

sai ddsadgiglto sdif celPz BEi@oAGh RIPRIDND. §Lal; bes F
wherein said first and second p?%{%‘gﬁylcgﬁ%t{%ﬁ%oﬁs mm_?d_mm

ant i bodPNpr @h@inBe B&thplemidiaryAy BB RO R cl @i med in
claim 16 wherein said firsf aﬁ se‘cé%g\mﬁr ot ei ns

CONRE) M%'lsgﬁd cell means for generating a derectable signal in 2 cell where tarost
DNA has been captured by said capture probes and deteciad by said detection

probes, and

(f) detecung said signal.

16. A method as claimed in ciaim 15 wherein said firs: and second proteins comprise an

antibody-protein pai.

17. A method as claimed in claim 16 whersin said first and sscond proteins compriss anti-

digoxigenin and digoxigenin,

: A o e e T .
18. A metnod as ciaimed in ciaim 16 wherein said first and second Drotsins comprise an

Interaciing pair of proteins or non-protein molecuies with affininy for one another



" di soxi genin and di goxi Qenln. 18. A nethod as cl ai ned
in claim1l6 wherein said first and second proteins ,
conprise an interacting pair of proteins or 13 FEB 2007
nongAr- i | ecules with afnnit-- for one another.

15 19 Z@égh%%g WD 2004/ 015138 PCT/ CN2003/ 00066 FCT§N2§¢3/000661
t ho s.clainmed. in claim16 wherein said first and X
19’gg‘co ‘%mgr Bt %li"uﬁrge%c]cl)lnglfl (RS Z% %Vfll PPt %ﬁ'ﬁ? (#ﬁ Mqs95PRA ProteBs comprise

_ vice versa, .20. A nmethod as clainmed in claim15

S“ﬂﬁ?ﬂﬁ@ﬁnggﬁﬁPﬂgﬂW§‘Fﬁ@'addition of a reagent for
reduci ng the background signal. 21. A nmethod as
claimed in claim20 wherein said background sigha
reduci ng reagent is albumn or is derived from sal non

20.s panethGNA. cla22ed A dlarh tidfustberdoaipmeiig ithe adiiomo? & redgemtdomreducing
in step (f) said neans for generating said signa

the barlkcgrbasd sigsadl ut i on of streptavi di n-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 form silver

21. 9P @SR as 2daimBd DNALEH 2D &ﬁéreﬁ%ﬁicﬁ&obﬁ%lgi nﬁﬂﬁ%’%&lﬁk fagent is

sanpl e conprising a substrate having an

al Cor MRS oA EAPHWE Probe attached to said

al um num oxi de surface: 24. A DNA chip for detecting
target DNA in a sanple conprising a substrate having
an al um num oxi de surface, and DNA capture probes

o P e S, DAL b St By i v
E Nt L RTRY )T A L

electric current is a pulsed electric current. 16
and a solution of silver ions that are reduced on the surface of said gold nanoparticles to form

silver deposits.

23. A DNA chip for detecting target DNA in a sample comprising a substrate having an

aluminum oxide surface, and DNA capture probe attached to said aluminum oxide surface.
24. A DNA chip for detecting target DNA in a sample comprising a substrate having an
aluminum oxide surface, and DNA capture probes attached to said aluminum oxide surface,

whereby hybridization between said target DNA and said capture probes is accelerated by the

use of electric current.

- 25, A method as claimed in claim 23 wherein said electric current is a pulsed electric current.
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