~ APPARATUS AND METHODS FOR DETECTI NG DNA IN BI OLOG-CAL .. .
SAVPLES FI ELD OF THE I NVENTION 5 This invention
relates to apparatus and nethods for detecting DNA wwmm,
bi ol ogi cal sanples. In particular the present Immmmmmwm
invention relates to novel apparatus for detecting DNA .+ 5950x
sequences using electrically-assisted nucleic acid
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aci d hybri di ZZETBATING XNGIWBIOEOGIONIESAMPLIES
anal ysi s of bi ol ogi cal sanpl es containing DNA e.g.
bl ood, plasma, urine etc. Conventionally, a chip for
DNA detection is formed from one of a variety of
mat eri al s including tal. On the
surface of the chip %5%§2R§%4#5§Y%§?3P§2 contacts

5 are f ohi¥edvesiongelkeow ajrdtechd gutsds To dbeictng DNA in biological
particul ar DNA sequence in a biological sanple,
GaRpMs.EnFoi@sar tOpi@sent inventivh reansg | te e ndl aspyar A for detecting DNA
fragnents are attached to the chip surface. If a :
ki Qleags @aing cRatiipils-Beistedhtieid &l hybtigabatidoNAd té ethbdsrfgedptimizing
DNA will bind to the conplenentary DNA fragnents by
hidpdrdirmaide @f suchappavals. ous i magi ng techni ques may be
used to detect such hybridization and thus the
presence in the sanple of the target DNA. By applying
an electric 20 current to the capture probes, the
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and metal. On the surface of the chip a number of electrical COptacts are formed using known
15 techniques. To detect a particular DNA scqﬁence in a biological sample; cépture probes
consisting of complementary DNA fragments are attached to the chip surface. If a biological
sample contains the target DNA, the target DNA will bind to the complementarsf DNA
fragments by hybridization, and various imaging techniques may b; used to detect such
hybridization and thus the presence in the sample of the target DNA. By applying an electric
20  current to the capture probes, the hybridization process may be accelerated and thus the
detection process is also accelerated. This basic hybridization technique is described, for

example, in US 5849486.

PRIOR ART

25 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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hybri di zati on when it occurs. Concerning the latter, a
traditional nmethod of detection is 2 fluorescence,

but nore recently Taton et el, ("Science" Vol. 289, 8
Sept enber 2000, ppl757- 1760) describes the use of
streptavi di n-coat ed gol d nanoparticles for detection.
In such a technique gold nanoparticles are coated

wi th an ol igonucl eotide sequence conpl enentary to the
target DNA sequence. A solutidh containing such coated
gol d nanoparticles is passed 5 over the surface of the
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O&fg%nucleotldes used as capture probes are labeled at one end with biotin and embedded in
the agarose layer by virtue of the high affinity interaction 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
difficult to manipulate a molten agarose gel so as to maintain an even coating on the chip. In
addition the density and concentrati(;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 drying and cracking, and agarose is very

unstable and degrades at high temperatures, and so the chip must be refrigerated after

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



appl i ed the gel nust be kept npist to prevent drying

and cracking, and agarose is very unstable and

degrades at high tenperatures, and so the chip nust be
refrigerated after 25 application of the agarose

| ayer. The agarose layer is also very delicate and
susceptible to 3 nechanical stfesses, and thus the

storage and transportation of the finished chipis
difficult. In any event, the use of an agarose gel
doemedhaicad sterseearmnd thuethp stowmae ardl trapspobitomef tha fissltedoyip is difficult. In
el ectrolysis. 5 SUMVARY OF THE | NVENTI ON According to

t heanyreagdnthe jups, efnan aparosth e¢l alopssnqh pywaiedthe ppantél weobleprs caused by
detecting target DNA in a biological sanple,

conPfi8HE a substrate formed with at |east one

reaction cell, wherein said reaction cell includes an

al um num oxi de surface for the attachment of DNA
%apture probes. 10 Bg neans_of this arnaggfnent some

f the probl ens wi t hSUFBIBRY GF BHE YENGOS come  or at

| east mAct@aingdo BRGRtSR iAYedTbM 0K ipfbRided QMafRS @Br detecting target
stabl e attachnment surface that is easy to formand to

manDNUl iAtaehiolbgicdl kiripad, QSmﬁrliHﬁEgeﬂHEEl?até"'f&ﬁE’édi With @&N6ast one reaction cell,
storage of the apparatus, and which overcones or at

| easher¢in baid)adaetont ded ipohaled eBlumindul &i®RChFfleyfsi e aftdkt@ment of DNA
al um num oxi de attachnent surface nmay be fornmed by

oxi chaturegmotgb. a previously 15 formed al um num | ayer,

or directly, for exanple by sputtering. A nmethod of

1@t t achi My méres eftpis arrengemeiiessme of thk erohlennyiwiththaoprici @rt are overcome
| ayer woul d increase the conveni ence of manufacture.

An  etat ksesh metreatetl Agoavnse abiamupeekideprovides alstalie Atavhostit seface that is easy
would performthis function. It is also inportant to

be fadP@ ¥ te aranipelaieyfagiiifaten substnuen aptdling apt vdves: ofthd 4pparatus, and
respect to the attachment | ayer. A protein may perform

bot WRigh OeFramIEs ¢t east fitigates tig Problems wath lgctichysis. pr ot ei n

may be antibody to a protein used to |abel the DNA
captureq§F8@€§Wm crafathmepuEas Ay de orise &y pEigatisa of a previously

1 S8 Rurkiin RLEAETHTER, AYLGACE o) Ur.0ugh, an anti body-

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 perforrﬁ both of these activities.

20  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 péir 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.

25 To reduce the background signal, the attachment surface may be coated with a reagent

such as albumin, salmon sperm DNA, Ficoll, or other protein.
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protein pair linkage in a defined orientation.

Al ternatively, however, the surface could be coated
with any protein and the capture probes maybe | abel ed
with a protein having a high affinity with the first
protein, for exanple streptavidin and/or biotin. 25 To
reduce the background signal, the attachnent surface
may be coated with a reagent such as al bunin, sal non
sperm DNA, Ficoll, or other protein. 4 Viewed from
anot her broad aspect the present invention i ncl udes a

kit fef. t er’ br spec resen ol ol
I i v&telae Gilﬁ ﬁ%‘h o Q%ri :}B g?ltm PLS tbg\ﬁngl?rg “?%L@lefjd'] hlé for the

sarrp e, sai it conmp

%Etettﬁﬁftgg@ﬂ@%g@&oégil Sam%glsgd t, L east one reaction

havi ng an al um ntum oxi d& sur acepn%g(b) a first

reagent g)oa[THIb'sﬁ‘étQ %C@ng%& a0 2065 reac e:f 5?19 %ﬁst ) regction cell

conpl errent ary ment to sai

buf fer - sol iy bk AEEELY ngsal d ‘samis, (0) a
e

second reagen conpri si ng €tion pr obes |nclud|ng a

corrple fragnent to said target DNA 10 (e)
a sol ut ?t r%z%létt avrdi e & ?‘fr%c?r 5t H‘Cﬂﬁlﬂﬁp%\f’?’f‘@f”@%mary DNA
and a solyébggtﬁgﬁh?%n;n S|Iver ions. Viewed from

anot her as 'nvention al so extends to a

DNA chi p fé’éuffeggthﬁ%'fo telai/ru%gsaig plen. @ sanmi e

COITprI SI rate aVI m num oxi de

sur f ace apt.ur.e es att ched to said
al umi nuﬁw)om%e Sur %ngeC% Qgé\?\g ‘?‘r%’ welufing ¢4, pqrppipmentary

aspect th nt i al. nds to a met hod f or
det ect i ngeDlﬁg;ﬁ% e%l\walds ar§ é{)]gf‘ogl cal sanpl e,

conpri si t DS of .. iding a reaction cell
f or med \Svlfgt Sogﬁloa RS %tégg‘ﬁi\{fl%ﬂf’égmflﬁ ahat i ng
g@&lqtlmog%ﬁﬁ?g\gﬂwr 1g\nsfl rst protein to facilitate the

e

bi nd Ing O second

Viewed from another aspect the present invention also extends to a DNA chip for
detecting target DNA in a sample comprising a substrate having an aluminum oxide surface,
and a DNA capture probes attached to said aluminum oxide surface.

Viewed from a still further aspect the invention also extends to a method for detecting
target DNA in a biological sample, comprising the steps 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 attached to the capture probe resulting in the correct orientation
of said capture probe,

(é) adding to said cell a s.olution containing capture probes formed with a DNA
sequence complementary to said target DNA and labeled with a second
protein having high affinity with said first protein,

(d) supplying said sample to said cell,
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protein that is attached to the capture probe

resulting in the correct orientation 20 of said

capture probe, (c) adding to said cell a solution

contai ning capture probes formed with a DNA sequence
conplenentary to said target DNA and | abeled with a
second protein having high affinity with said first
protein, (d) supplying said sanple to said cell, 5

(e) adding to said ceII a solution containing target

DNA de forned with a

conpl e rﬁdm PG ioé‘ft’ﬁétcoﬁﬁwng(t?‘?e‘&%@gﬁ@te‘ftéf“s}’é?tt?s formed
cell neans fo eneratin det ect ahl. e | in a

el | whort™ § BMAPTISRE HegpaN Ca 08 fas Bylsal d

capt ur bes an tecte said 5 detection,

pr obes?ﬂaaﬁ1 Ing 49 Sﬂgtcgliﬂeﬁ?f g’éigé“‘%“}“ﬁﬁél detegfaplepsignal in a cell where
DESCRI PTI O\l % &:L I%RAW Sone enbodi nents of th

present i'APENPNONARN"PFn FRERTEE DY ENL crrwE RSgP Ry grrected by said
exanpl e O and with reference to the acconpanying

dr awi ngs, ‘ﬁ“%ﬂ?@%ﬁ 8fly 1 is a schematic view

illustr a chjip according to an enbodi nent of the

i nvent ﬁ@rfl E%H“gaﬁagjosﬁnla ustrating the hybridization and
detection schene, Figs.2(a) to (d) show reaction cells
obt ai ned experinentally that show that the presence

of the capture ' obe e ables the target DNA to be
detected, 15 FP é] éQRNHW9$ cells

obt aS(b’iﬁQerﬁBd@lﬂﬁéer@é ﬂrb’scﬁthﬂ\tenﬁmlﬁﬂbﬁubetdé&nb@d BPRIECES example
of the target DNA is required before silver deposits

atd With Rerbiive i@ the aftoSaririt)drivingin WHEW reaction cells
obt ai ned experimental I'y that show that the intensity

of thg 1Sisl ¥ EheHh@fOFickSilluBtfatiBR SChipMalddrdik}C (L &S leRBodiment of the
concentration of the target

invention and also illustrating the hybridization and detection scheme,

Figs.2(a) to (d) show reaction cells obtained experimentally 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 reaction cells obtained experimentally that show that thé
intensity of the silver 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.l 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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DNA in the sanple, and 20 Fig.5 shows reaction cells
obt ai ned experinentally that show that the intensity
of the silver deposits varies with the' concentration
of the capture probe. DETAI LED DESCRI PTI ON OF
PREFERRED EMBODI MENTS Referring firstly to Fig.1 there
is shown schematically a novel apparatus for the 25
detection of DNA in biological sanples in accordance
with an enbodi ment of the prefent invention. The chip
conprises a silicon wafer 1 on which a layer 2 of

ahd IR F §luﬂl?r91¥ri 6ALEY is Brma@Ngh fhela ?ﬁfrﬁﬁurgfﬁay@#ﬁ MW minum oxide

oxide 3 is formed on the al um num
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he DNA probes as w
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oxi di zation of the l'ayer,
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al um num sur@ace tﬁrm expose en and

%Pld &@arf qugﬁ uhg‘}&rfa% Fhat 199}[ 0 eadt %doﬁylggnh ast l a{ Scha chips that are

um num on SUF ace ar I'rst nse

AR B, o P RS R B i
t%gg n%icél\ﬁ%ﬁmg él‘rﬂlbgs‘gfa \L/%Sjgﬁgh%lu%ﬁ% b ngt S(f/cande tRFrb ﬁf}ﬁd several

h
Pl ARD el AT e %ﬁ%gl’%%f%@ G fpunny MC
aA?ouwx? gdégﬁ:@)tog (gn QAI gl(lglllrglm o@&e asn?icpoiyurnoe%'ll’]a 9 \SIuGr ac ﬁ 1ons1;(1)tgr?als 1990;

water In a  contal ner mal ntal'n IS naer

tl'?fe§ —fSO/nqhé i:}g ar {Plﬁin%"égttet?g\?e Ehtbouﬁlsg’g] nc}'lv@n Qv%tlhdslorzne water in a

um na mnt ckness

gg% ia/rctgltﬂéagﬁzg Otl{glhg J.%({gxc ?1? Ci:on i 1<gn:;|t§ens n%% cgtﬁ% {uggxuglt oxidizes
@cp gufn?r( »5' %1 ?Mgcﬁess 0 iab%[ﬂt ?dAt odxf%a 1F-o% off 9[115 R%)gess lhemhlps may be

by oXi datl on of an al um num
simply cleaned with distilled 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 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 préssure: 5x 10 torr

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

Stage rotation: 8 rpm |
Sputter time: 45 minutes

Minimum thickness: 100A



be deposited directly on a silicon wafer according to

the followi ng sputtering conditions: Equipnent:

ARC- 12M Sputtering system RF power: 120W 20 Base

pressure: 1.04 x 10'5 torn Process pressure: 5 x 10-3

tort Gas flow. Ar/02 = 30.2/7.5 sccm Stage rotation:

8 rpm Sputter tine: 45 mnutes _25 M ninmumthickness:

100A 7 Chip size: 5nm x 5mm Thé al umi na- coat ed chip

may be patterned. by conventional photolithographic

t eattip grees. | n addint k &Mm Whi chever nethod is used to
formthe alumna |ayer, prior to 5 hybridization the

coated chip is washed once with | x PBS

(phosphate-buffered saline, pH 7.4) at room

t enper affhe ealbyinpiqeddi tigp tihey del phtte@ed eP eaivediofal Opidtolithographic
the chip surface. O the alternative nethods of

f ortedbngu¢sh én alditiom awliehgedr, mahatd fsetiseido foyn e flamineriagd prior to
as studies show that is produces the | owest

Shadiybridigatdn shegevated cipiic lveshed ohechit tx@BE Sphusatdteftatffered saline, pH
formng the alum numlayer, the thickness may be at

| eds4) BOgom ldnpAtatune by mipetinigdbe sdutpphatmeatedig olvarthé bidp surface. Of the
probe attachnment surface because conpared wth, for

ex altpinetiveagethas eofifornisg dleedypeng layor epwteany mayhel prafered as studies
durable. In addition alum num oxide can be stored dry
andhay thapsrpradaees dredewestbackgrpondisignall Which¢vantectmimue jsiuded for forming
also elimnates the problens associated with

el &bt #lynipgmdayer, thegbiginessaray bafat lewst 3far ose is difficul t .

to handle to formcontrolled | ayers, the pore size
1Gnd t hi é¥yeiaem gidens pEaferrer far fheysebecattacharpst byyfags benause compared
controlled (for exanple by altering the sputtering

con¥ith £9555apRle. RERE0ssit 1S FREPRENRYE slahie @qqltqlqre durable. In addition aluminum

oxide can be stored dry and at room temperature. Importantly, aluminum oxide also
eliminates the problems associated with electrolysis. In addition, while agarose is difficult to
handle to form controlled layers, the pore size and thickness of the. alumina layer can easily

15 be controlled (for example by altering the sputtering conditions or the air moisture content).
The aluminum oxide can also easily be patterned using conventional 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.

20 Referring back to Fig.1 there is also shown schematically the basic hybridization
scheme using an apparatus and methc;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

25  the aluminum oxide layer. The capture probes are not attached directly, however, but through
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The al um num oxi de can al so easily be patterned using
conventi onal photolithographic techniques. The use of

a patterned al um num oxi de | ayer i s 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. 20 Referring back to Fig. 1 there

Is al so shown schematically the basic hybridization

schene using an apparatus and net hod according to an

embodi ment of the present invention. In particular,

ianlipfage 1forrprel af Wigokigeme BUET aeé ang-digokimprin @Ghti-BLGhianpthpdies. In
oxide formed on alum num A circular reaction well

payicpiar, getiiliemnbhodins persidsohed BY thieemiayn @eide gurfdse and the capture
al um num oxi de, attachnent surface. Wthin each _
mEehes pisnfometd witle a PlGriebehberely e capiure pedhesimep b binkddevia the anti-
al um num oxi de | ayer. The capture probes are not

RCagibadigs toelbe [alpmipiaeyide attdshmentryucfaesh Te alaminunk axfde surface is
formed of digoxigenin (DIG and anti-di goxigenin

(V&I POTDJIlfG)mChg%Si Hodbity td hind pranyi & fferant, mala¢lesDIE: anti-DIG coating
anti bodi es are adsorbed by the al um num oxi de surface,
divertiohe ag ap atiachmepr layredo gnaud tgrhtd wintdbilgze®IDEIA alyghire probes are
wher eby the capture probes may be linked via the anti -
RbGeahtdrisoidil. d§ne epatingwerle applredntherx i died g ¢raledt thentetection probe (to be
surface. The al um num oxi de surface is 5 very porous
aleebrihad belhe) apilil ibind toghd plnchimem pxide flifacennd walse gutbdsence in the
The anti-DI G coating functions as an attachment | ayer
tdsteetinuefdargetddNA Ha aidiiwbiflnozedingNArcaptied, ¢hepaptbepratreenight bind
correctly oriented. If no coating were applied, there

its tee dlamgewm bhide it the imbetrew toriematpono e pfindpliethe detsDIGHEG linkage
bel ow) could bind to the al um num oxi de surface and
cauldeeirenlegefl by anc emilpr paireof compawts, g af arttiypdpeandPNArget protein, or
addition, if no coating were applied, the capture _
o Rereofiprgjbins withdery dighatiimey fot epah nthan, oxagepairof nbreprotein molecules
incorrect orientation. In principle, the anti-DIGE DI G

| thatkeag) eble ¢o titetadh evithegabtn otber. Byshawid adsortie mderptapd thaf the order of the

_ conpounds, e.g. an antibody and a target protein, or

a@nppedy/radteipr ot motsyVRiPtEIn Nnkiage howjh bafevansetly Féroexagmdh while in the
other, or any pair of non-protein nolecules that are
apeferredembpdanent despiiiel hesginrantitiMEris uged as Hioudadtivtydonibeg coating and
understood that the order of the
the capture probes are DIG-labeled this could be reversed. However, in practical terms it is
easier to attach a small molecule such as DIG to a capture probe than it would be to attach 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 that the capture probes are formed 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 which the 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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anti body/ protein or protein/protein |inkage could be
reversed. For exanple while in the 15 preferred
enbodi nent described herein anti-DIGis used as the
reactivity limting coating and the capture probes
are DIG |l abeled this could be reversed. However, in
practical terns it is easier to attach a snal
nol ecul e such as DIGto a capture probe than it woul d
be to attach an antibody to the capture probe.
Furthernore it should be noted that the capture probe
ould e directl ched. &84 t he
yé}}e li%nowrheprocci:ds %If g%ltlgf H lzatlon 'll‘ﬁae lf|1 zatloxal Ia%)h)})deferably be
it mnll he understood, that. t apture
ﬁ%% %%marélFﬁ?ﬁéﬁumi anegBNﬁcseqhghégnmm5mt€ ﬁéntary
tot h%n%eb\%gr%?:}hg I?)%‘én 2:119[35)}1&9 to t%eg: tﬁles(l:ut' CA {tn ﬁxen n[ar%,)e]ssag to detect

Ther efore I's sup

AR A B UpySERh e BEobP, e st T s
LB PO 0 R
R Eaf ot B R BT P o i 3335 éﬁ"iﬁl&wﬁli gy e
N A o
DRl T2 Lk R ARRAEAL D %gggpt{cﬁgnc;%gt% UAB $iptalfin are added and

captuie probe P

dee?:'z:é\gslf: Pk ng aH‘% o Iopytregfav%m \Bklﬁblom? {l]le bes Igﬁlc% elgbeé-g!r]lg attached

on DfO SEYUeR ces
nt ar O ar
§%‘E A B “ag%ﬁ e{l/gli\eISAﬁ AyeliBeRe et Bt cleaty,
VI Sua ﬁltlgrgfg&??mm Tglvgpll% may hen cg{] El wtl-u gY II 86 Pe%hed onqge surface

et ect nanopar es Coa

ngr tﬁpgt?e icﬂl Adafed ﬁqﬂn@gqﬁlep?oc % sﬂt/ertlm ?{Hfléhqg K/ﬁb?g as a dark

st repta In mnth ot e go nanopartl es w
bgsgle attached 10 to the detection probes. The gold
nanoparticles thenselves are too small to be seen

cl ear |y,

o redQtt 1@ b%%%uln L anlthé“ Hj I' Ib1y B0 SrBBY 1
then be agged whi P lég re uge%‘aﬂq e;{ﬁe gurffffc Wl%h satmon
! iR DHER! AY LRAGOR B4 A% L ARNORAT bbGhES of SnliYrbRedls, or Ficot,
siiver ayer ch I's Vi Si bf e as ar

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 protoco!l 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,
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deposit. To reduce the background signal the chip may
preferably be treated with salnon 15 sperm DNA. As an
alternative to sal non sperm DNA, al bum n, or other
proteins, or Ficoll, nay be used. The visibility of

the silver deposits may be further enhanced by the use

of a fixative solution, such as sodi um t hi osul f at e.
Conventional inmaging equi prrem! and techni ques may

then be used to detect dark deposits in the reaction

c éhity dwhagehtowtbelbidp raed wistltsf inanhipiee sphasSERsel hg8Hdfatibh€onditions
target DNA in the sanple. Exanple The follow ng

exaingk éoritlse Infbridizgiontod delsahple Dt ROhd OgturSp@dbdsithe IINAcALBn of 10
a sanple. The hybridization steps are electronically
assped pdses [fi e mareiplpy) folfovpud tyea hydebhdlpanad tepentddSiong minutes (i.e. a
appl i ed 25 pul ses, though continuously applied current

i ¢otallog 48 peisssi Firdhe Pbtidieatioy lof thdidetedtion probl e eapturddsample DNA,
limts damage to the chip and results in a higher

s ihgrsamne congisionsaashiyemis¢dsl but deriooly 3owinuties (.on$ pulsesy! ude f or

the hybridi zation of the sanple DNA to the capture

probes t Aatiddflis dhitaddA0-Giid with DsRBDptosphitsbeffefdBaline), pH 7.4,

m croanps% foll owed by a 3 second pause repeated for 8 _
m ndtes PPrleof te dilyted|angfDIGgispaddsd ontoFgr atumana-coated chip and is
hybri di zat i on of the detection probe to the captured

sanpl e DiaRbaipdahEl @5%3 h@b‘ﬁdl tions may be used, but for
only3mnuteslg3i .18 pulses). 1. Anti-DIGis

di | tted Tho2tiP wht‘ﬁ“ }s discpdegt WHb%ﬁwatseWéhﬁdf%r\@&x 80u! 1x PBS,
sal i ne), gl; 55) of the diluted anti-DIGis

added onP aﬂp‘gFtﬁﬁﬁpﬁﬁ o BErg Aiey %l i s i ncubat ed at

and the i fveﬁg Rl el sl o Ty e
§ Elepg} E}eP&lﬁ‘e g cap Srlsgmgr o%n?o fig ghd%f’h(p%wbatf ‘F]atd‘ %S)P/I % mines.
sal N SREL Wimon sperm DNA is firstly denatured by heating to 95°C to form single
strands and is then mixed with the DIG-labeled capture probes.
S. Thg DIG-labeled capture probe solution and salmon sperm DNA solution are
discarded washed three times with 80pl 1x PBS and once with 1x SSPE.
6. Add §p1 11pM sample of B-actin sequence (a 91 nucleotide single-stranded target)
in 1x SSPE and apply electric pulse cumrent 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 electric pulse current as
described for 3 min. Wash_ the chip 3x with 0.1x SSPE and once with 1x PBS.
| 3. Streptavidin-coated gold nanoparticles (obtained from Sigma Chemical Co., Ltd,
St. Louis, Missouri, USA) are diluted 1.0-.fold with 1x PBS, pH 7.4.
9. 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 501 Ix PBS is added onto the chip and i ncubated
at 41C for 30 mnutes. The salnon spermDNA is
firstly denatured by heating to 95C to form single
strands and is then mxed with the DI G| abel ed capture
probes. 15 5. The DI G | abel ed capture probe sol ution
and sal non sperm DNA solution are discarded washed
three tines with 80l |Ix PBS and once with | x SSPE. 6.
Add 51 11M sanpl e of R—actinlkequence (a 91 nucl eoti de
single-stranded target) in Ix SSPE and apply electric

pulpse GHYEr@Nted asefiSa@ihichac £0E BndPaRicleAldi@lon is discarded and the
hybri di zation, wash the chip 3x with Olx SSPE. 20 7.

Add det.gtit @Qsh@& Qhee Livkopl 19 MBSt;Q-I b BepipdHeRp aNPROYN dUﬁlng every

electric pulse current as described for 3 mn.

the chigp, l?xanw ‘thhw@a '86p1%%P£1a@mm9nQ§ witet ?p Eéftepu%smdeOWn during

Streptavidin coate d nanoparticles tai ned from
Si gma Chem Co. , Ltd, St. Louis, Mssouri, USA)
are dlluted 1 -fold with I x PBS, pH 7.4. 9. The

Lt e S 0 I |(SaiRE® from Si
59,5 S 9, g2k oL OO o, son

15 m nyhes.atéo. L SFT hGud] ﬂm&ﬁxg,., @%A?% e;gyaapedquw@foeduse and the

gol d nanopartlcle $olution i1s discar and“the chip

Iaf]dwgf) mﬁﬁﬁ'%}& Y{% gtgpS\é\A\fée Perﬁ)gllne& Ex)ap %ﬁg S\X)rfl%f(tﬂé BFJJ Entiditer solution
aut oc| qyg emohtlo tTthAgad&lg rmc(lgﬂtegiegt E’o%n#llg {}gtugz%fIS gM{dtégg

every was 1 mxture ver enhancer

dij.t I Of} él\%pq:n%nsgbgcﬁﬁt%%dxsf Bx@é@rc@dgm tl'f;ham) C@'ishgép -once with

Loui s sourt, USA) is prepared just before

use and u‘ic!lgaéicf % lll-qubvﬁlg §$f %Oﬁlrcﬁ 2@e£cfd9m{}ioshﬂat@ is added onto the

darkroon1 ver enhancer solution 1is

added omnpo pl e sgu,;a c@aq oh&qubaﬁ&db%(g{oqgmemen@m&

for 5 m he silver enhancer solution is

di gar dlggcéri‘@ %et J&@lm W@ﬂlt&ﬂ%ﬁcw Hﬂn incubation and washed with

50u1 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.

Experimental results

The following experimental results shown in Figs.Z to 5 were obtained 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 is the following: an
alumiﬁufn oxide attachment layer 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 captured targets, and streptavidin-coated gold

nanoparticles with silver enhancement for visualizing detected target DNA.
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10 autoclaved mlli-Q water before 501 of 2% sodi um
thiosulfate is added onto the chip. Pipette up and
down once to renove background and to fix the color.
13. Discard the sodiumthiosulfate solution after 2

m n incubation and washed with 501 mlli-Q water
before 50gl autoclaved mlli-Q water is added onto the
chip. 14. (Qbserve the appe?%ance of dark spots on the
chip with an optical signal "detection 15 system
Experi mental results The foll ow ng experinental

r esBige.a(azk@mmgtmtfiﬂgasef&ctioenéssvv_@f e ODt@IJBEEd USHtH@ HBBe in the
above hybridi zation protocol with certain paraneters

bekdigory 3f iheONS tibdt] Flee2WNaer @ 68 shdd td @ bdT6re hybridization.
following. In all cases, the basic DNA detection
STHEREtios cbieart @InktoBedagse @ siREAMBRAHNLAYd BRn drhR8 NINRNE(b) and
| ayer provided with anti-DI G DI G| abeled capture

PP RSy thb @Nib ReterdhyBiiz At oA GTBINhe DAGIMLEIRE B ptoBe Being present in
si ngl e-stranded nucleic acid target, biotin- |abeled

dek o0d) ibanatRER ReBighad). Teeichon Edls Rt t%d)e,tda{kgxeihlmig.@(eﬂman in

streptavi di n-coated gold nanoparticles with silver

eRBaNhenBAhg fiRldepdsieatiivei. Ng detected target DNA. 12
Figs.2(a)-(d) illustrate the effectiveness of the

DI Gﬁ@@@iﬁ&b SRt AaRERRRIV G defRitdl eletialy BRANQS inttherelMon cells
target. Figs.2(a) and (c) both show thé chip before

hyhd gleZetd SMhe tarkBEDKN &SI 2. Fi A1) [ sR/EAE SR bef:
no silver depoesiar;gg have béen'o?gér rreclig.%%ii)gs.gc?g) and pbefore

( Yorbaned Raie HiR sadtea @yioldhe atib AReMhithidiBon with the target
DI'G | abel ed capture probe being present 1n 5 Fig.2(b)

b r. E 195 on n 1 ; in3 ar
bBNAataéﬁglb_eséht h @ Zg(zié)el? 1}*&9&8@?%‘3&9( gghhat einebéeeﬁﬂ thd® dark

e darker in Fig. than in Fig. show ng the

d_@ébggtst of@ilv§'! A& Rfmed InAfe %a)o'n(c‘@ls §IH?W) {hlgazgseqlﬁ'rl#g%?jinlswre the

sil'ver deposits are only forned in the reaction ce
| prdONA @pRR&R. Of the target DNA. Simlar to Fig.?2,
Figs.3(a) and (c) show the chip before hybridization,

Whi [FgsHI( G (P (theR N mbAdtrafN @ b tiGdHeR Bf 1B present invention by
hybridi zation with the target

demonstrating that the silver deposits become darker with increasing target DNA
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 turn 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 no silver deposited.
Finally, Fig.5 shows that the intensity of the optical signal varies with the
concentration of the DIG-capture probe. In Fig.5 the DIG-capture probe concentration
varies decreases from left to right and the reaction cells become correspondingly lighter

as less silver is deposited.



10 DNA being present in Fig.3(b) only and not
Fig.3(d). Again it can be seen that dark deposits of
silver are forned in the reaction cells only in the
case of Fig.3(b) where the target DNA is present.
Figs.4(a)-(d) further denonstrate the effectiveness of
the present invention by deﬁbnstratlng that the
silver deposits beconme darker with increasing target

45 concentration and thus that the optical signa
INCreases in proportion to the target DNA
todwpsretuatfop deteptings target ) DNA) insh biplegieal cdamplea foomprising a substrate
hybri di zati on and detection with (a) undiluted target
DN#ormeth )withaatdedst Dhédredetiant estl, hdreindsaidaneartion)cell anajetes BhlAluminum
diluted 10-fold. It will be observed that the
r e axide surface ifdrshe sttaghment AP NA eapties prebest han t hose in
Fig.4(b) which in turn are darker than those in
Fig.4(c). Fig.4(d) for conparison shows the chip 20
with no target DNA present and thus white reaction
2.£| Apatetus hasn@aifiell i rcldmpb siherth sdd rhintiyum FixgieSsusfaos\ss formed by
that the intensity of the optical signal varies with
t hexidaGseMNinahichi@imAdyet.ne DI G- capture probe. In Fig.5
the DI G capture probe concentration varies decreases
fromleft to right and the reaction cells becone
correspondingly lighter as less silver is deposited.
35 A;?paraﬁlsﬁus I\@dlaﬂed/ﬁpeﬁhﬁtlusshéraﬁ sEiatdhhink éﬂaaﬁ&fa@\l{% foBmed by a
a biological sanple, conprising’ a substrate forned
W t u@&mkggﬁﬁlgge reaction cell, wherein said reaction
cel T incrudes 'an al um num oxide surface for the
attachnment of DNA capture probes. 2. Apparatus. as
claimed in claim1 wherein said al um num oxi de surface

I4S 1& axtm ichl é& %@Lfaﬂﬁ‘ lqzhe% QJ:&J mumﬂnnll %X% su ace 1s coated with a

Apparat us as clainmed 1n claim1 wherein Sal

OXi gig ﬁ&%fnqg Gotia8 ah Q&Meﬁlxaﬁr for the capture probe.

5. Apparatus as claimed in claim 4 wherein said apparatus further comprises 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.

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

antibody-protein pair.

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

antibodies, and wherein said second protein comprises digoxigenin.

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

streptavidin and biotin, or vice versa.



sputtering technique. 4. Apparatus as clainmed in claim

| wherein said alum num oxi de surface is coated with a

first protein to act as an attachnment |ayer for the

capture probe. 5. Apparatus as clainmed in claim4

wherei n said apparatus further conprises capture

probes attached to said al ulM num oxi de surface, and

wherein said capture probes are labeled wth a second

protein which can attach to the said first protein. 6.

Apparatus as clained in claim5 wherein said first and

second proteins conprise an antibody-protein pair. 7.

BAppspratatss sssclaingd e glaim 1 Whergin gaidalimeingm oxidg shifpestis coated with a

protein conprises anti-di goxigenin antibodies, and

whefireti molsaiileitosast anv aitachmesnlayesdpn the eaptute groke.ge nin 8.

Apparatus as clained in claim5. wherein said first

and second proteins conprise streptavidin and biotin,

or vice versa. 14 9. Apparatus as clainmed in claim1l

V0eA g anatanasctlaimedimclaimoX whereisaideapparatus duréitee comyrisks eapture probes

first nolecule to act as an attachnent |ayer for the

Capittatieedpioodadd albfhinubp pridew$acasard whereid dafd edphurépfdbes are labeled

wherei n said apparatus further conprises capture

Pr OREB a sedohd &lvbtulehaviay th afiuity Withs4d ifee nfolichwce, and

wherein said capture probes are |abeled wth a second

nol ecul e having an affinity with said first nol ecul e.

11. Apparatus as claimed in claim1l wherein said

81'1u BueX @lﬁm{eﬁ}iﬁ Elaft@$ whelel Gl Q8 @lide 1&9‘@5&.@ #fekness of at
paratus as clainmed in claim1l wherein sa

aIUﬁ%Qg oxide surface is coated with a reagent to

reduce the background signal in a detection process.

13. Apparatus as clainmed in claim112 wherein said

reagent conprises sal non sperm DNA. 14. Appar atus as

C%ﬁhﬁ?&aﬂu@ af lcmrmdl% MR Evlers R Hid AR GREPEIRESis coated with a
al bum n, or other

reagent to reduce the background signal in a detection process.

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

14. Apparatus as claimed in claim 12 wherein said reagent comprises albumin, or other

protein, or Ficoll.

15. A kit for the detection of target DNA in a biological sample, said kit comprising: ..
(a) a substrate including at least one reaction cell, said at least one reaction cell
having an aluminum oxide surface, and at least one of
(b) a first reagent comprising capture probes including a complementary DNA
fragment to said target DNA,

(c) a buffer solution for receiving said sample,



protein, or Ficoll. 15. A kit for the detection of

target DNA in a biological sanple, said kit

conprising: (a) a substrate including at |east one

reaction cell, said at |east one reaction cell having

an al um num oxi de surface, and at |east one of (b) a

first reagent conprising captlure probes including a

conpl ementary DNA fragnent to said target DNA, (c) a :
buffer solution for receiving said sanple, 15 d) a

secofd) & sxsgrdreagensPTIBTTRS deEdion;nsePes thiuling ﬁ-epréafewgntm DNA
conpl enmentary DNA fragnent to said target DNA (e) a

sol ut i ofiagniens tor sajsktargetd’MAcoat ed gol d nanoparti cl es,

and -(f) a solution containing silver ions, 16. A kit

as cl(ei asadution aflstéptavidin-gpasedegald sanopartitlesianim oxi de

surface is coated with a first protein to ensure

cor r gf)t a ssliriort cvntaimingxilverienscapt ur e probe, and wherein

said capture probes are |abeled with a second protein
having an affinity with said first protein. 17. A kit

as claimed in claim16 wherein said first and second

4. O Rit BS cIARAEA nSchaid N 5 avtierdip said alapmiumn bxidekurfacd & coltel ivtith a first
as claimed in claim217 wherein said first protein is
angakdtﬁhg@&sMo&e&%}ibﬁﬁl_iﬂnﬂﬁ thePdafture/FtObe; aid Whéréin 841 oatdure probes
protern conprises digoxigenin. 19. Akit as clained in

cl g ' | i ah ity vaaORIH firktrotein,
re u"{:]ﬂlalr]{%e{ ﬁgﬁggécl?g?gﬂgﬁgi H%il%nag\ll : 2?),. A kit a;ﬁ %tflgi med

in claim19 wherein said third reagent conprises
al bumn or salnon sperm DNA. 21. Akit as clained in

75 3 B2 hthdaf c1atd £ Welkrath BidRbQind kbosha Ero?éﬁﬁ%mprise an antibody-

protein pair.

18. A kit as claimed in claim 17 wherein said first protein is anti-digoxigenin antibodies, and

wherein said second protein comprises digoxigenin.

19. A kit as claimed in claim 18 further including a third reagent for reducing the background

signal.

20. A kit as claimed in claim 19 wherein said third reagent comprises albumin or salmon

sperm DNA.
21. A kit as claimed in claim 20 further including a color-fixing agent.

22. A kit as claimed in claim 21 wherein said color-fixing agent comprises sodium

thiosulfate.



22. A kit as clainmed in claim?21 wherein said

col or-fixing agent conprises sodium thiosulfate. 16

23. A nmethod for detecting target DNA in a bi ol ogi cal

sanpl e, conprising the steps of the follow ng: (a)
providing a reaction cell formed with an al um num

oxi de surface, said surface lbeing coated with a first
protein to ensure the correct orientation of capture

probe, (b) adding to said cell a solution containing
capture probes fornmed with a DNA sequence

conplenentary to said target DNA and | abeled with a

second protein having _high affinity with said, first

ot @ethiod(fey deleqtige W&% Rk dn gmpecalaﬂgakdcqums(tas steps of the
adding to said cell a solution containing target DNA

det ectollewingi obes forned with a DNA sequence

conpl enentary to said target bﬁl@.\ddl ng to said

cel | @aryiding agcmemawlhéormedial@cm ingmy Agide iswrface, said surface
cell where target DNA has been captured by said

capt ur e bpinglbestedwith al Btseptoteih toyensime thedtetrent brientationrofbsmyre probe,
and (f) detecting said signal. 24. A nmethod as cl ai ned

i n cl @)mididg whasidi dellsaisclufionr séntzinidlg captoredpipbed firnsd with a DNA
conprise an antibody-protein pair. 25. A nethod as

cl ai med sequefiteadomplenentiey @ said irget IDNAtand Nabefedowititla second protein
proteins conprise anti- digoxigenin and di goxigenin.

26. A mafatiag high atinityvhth said frbtpreteidd wherein said first

and second prote| ns conprise an interacting pair of

pr ot etdj%uﬁﬁlyﬂ%@m@ﬁﬂ;ﬁéfbsﬁﬁ'o@ﬁ”' es wth affinity for
one anot her
(d) adding to said cell a solution containing target DNA detection probes formed with
a DNA sequence complementary to said target DNA,
(e) adding to said cell means for generating a detectable sxgnal in a cell where target
DNA has been captured by said capture probes and detected by said detection

probes, and

(D detecting said signal.

24. A method as claimed in claim 23 wherein said first and second proteins comprise an

antibody-protein pair.

25. A method as claimed in claim 24 wherein said first and second proteins comprise anti-

digoxigenin and digoxigenin.

26. A method as claimed in claim 24 wherein said first and second proteins comprise an

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



27. A nethod as clainmed in claim24 wherein said first

and second proteins conprise streptavidin and biotin,

or vice versa. 28. A nmethod as clainmed in claim?23

further conprising the additiaon of a reagent for

reduci ng the background signal. 29. A nethod as

clained in clai m28 wherein 5aid background signa

reduci ng reagent is albumn or is derived from sal non

sperm DNA. 30. A nethod as clainmed in claim23 wherein

in step (f) said nmeans for generating said signa

i ncl udes a solution, of streptavidin-cgated gold . )
Fandparathed essclaimad iy plgim g4swherein seid: firsh fngd rssepnd pratsips comprise
a solution of silver ions that are reduced on the
sireptavidingnd distia, ¢folies- Ye8Boparticles to form silver

deposits. 31. A DNA chip for detecting target DNA in a
sanpl e conprising a substrate having an al um num

oxi de surface, and DNA capture probe attached to said

228 A methvdasi cidmsd inf daim 23 f8therAoDpisinghibp additionlef exetgentfor reducing
target DNA in a sanple conprising a substrate havi ng

athe badkgroundisigmmsti de surface, and DNA capture probes

attached to said al um num oxi de surface, whereby
hybri di zati on between said target DNA and said capture
probes is accelerated by the use of electric current.

3B. AnEidiad cMimed ah BRém i28 WwheadiinsZd babiggraind S@ial reducing reagent is
electric current is a pulsed electric current.

albumin or is derived from salmon sperm DNA.

30. A method as claimed in claim 23 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 gold nanoparticles to form

‘silver deposits.

31. 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.

32. 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.

33. A method as claimed in claim 23 wherein said electric current is a pulsed electric current.



