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APPARATUS AND METHODS FOR DETECTING DNA IN BIOLOGICAL
SAMPLES FIELD OF THE INVENTION 5This invention relates to
apparatus and methods for detecting DNA in biological samples. In
particular the present invention relates to novel apparatus for detecting
DNA sequences using electrically-assisted nucleic acid hybridization and
to methods for optimizing the performance of such apparatus.
10BACKGROUND OF THE INVENTION  The use of
electrically-assisted nud&igaR IS ANIaNORTSIO RIScH@Rechnique in the
analysis of biologRBIEEMPRS EalRiiY DNAGEGA LIS PIdEMa, urine
etc. Conventionally, a chip for DNA detection is formed from one of a
variety of materials including glass, silica and metal. On the surface of the
chip a number of electrical contacts are formed using known 15
techniques. To detect a particldaPDNA BEGhenEr iH@Mbiological sample,

captureEoRes.Gansistingof complernenial RN agMe IR &Y, Bﬁggmiomms

to the chip surface. If a biological sample contains the target DNA, the
tasget LANA pilkRing: tenthereampleraanian: YA agmenisphtus for detecting DNA

hybridization, and various imaging techniques may be used to detect such
hydarielizatiosirgndcthd saihe gsesehoein dhe s hnhpldioftibwe dat ge tdethibAls By optimizing
applying an electric 20 current to the capture probes, the hybridization
pllocessomaytseoh sediaitaidtihd thus the detection process is also

accelerated. This basic hybridization technique is described, for example,

in US 5849486. PRIOR ART 25In such devices and techniques, the major

issues_ concerne»d. are 'ghg R&?Wﬁg&tﬁﬂﬁg%ﬁ@igﬁpe surfacg of

the chip, and the imaging and visualization of the hybridization when it

occurs. Conisermirieaiécriticts dsted ditigpialaria hidyigizadaacigriewn technique in the
analysis of biological samples containing DNA, e.g. blood, plasma, urine etc. Conventionally,
a chip for DNA detection is formed from one of a variety of materials including glass, silica
and metal. On the surface of the chip a number of electrical contacts are formed using known
techniques., To detect a particular DNA sequence in a biological sample‘, capture 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 complementary DNA
fragments by hybridization, and various 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 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

In such devices and techniques, the major issues concemed 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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fluorescence, but more recently Taton et el, ("Science" Vol. 289, 8

September 2000, ppl757- 1760) describes the use of streptavidin-coated

gold nanopatrticles for detection. In such a technigue gold nanoparticles

are coated with an oligonucleotide sequence complementary to the target

DNA sequence. A solution containing such coated gold nanopartieles is

passed over the surface of the chip and gold particles will then bind to any

probes to which the target DNA is bound.ZThe gold particles themselves

are too small to be detected, but the chip surface may then be incubated
withasoltioneontainieg silyenions: Jihe sivatdons aredepositedinntdno, pp1757-
the surface of the gold nanoparticles to form a visible silver layer , which

mayobe dsteittedthy cenventignatithagiagdpparatis;ph@ceacerndagdhen. In such a
binding of the capture probes to the chip surface, one difficulty is that the
attedranceiihneDNA i olig eructestdeisiomo echipisotice (eegeaositipbymentary to
wafer) is a critical step that is highly sensitive to disturbances in

eXpertrental CorfatisRsS 1A parieetas WHEH Enseécaa et gt nangpptiisdes 1s passed
during.the electrically assisted hybridization process, electrolysis may .
o T e o P e B o e R R SRaB 1 e e targe

15)1&@%@’%&5@?@%&%&9 &Eﬁ&'ééetﬁé}i%e?%ia&% \%igh &0 ﬁlk?g rl(:))s%quc!tg‘cﬂq) t the chip
re iia eleg dj

the DNA oligonucleotides used as capture probes a at one €n
wighrhietimanehembedeled R theidd.asese dayembyniitugr el tha high aHRILY ions are
interaction between biotin and streptavidin that is dissolved in the agarose
pricptetiecatatingafibecthip sukfaceohioniiar thete aighdentimberef , which may
problems with using agarose. Firstly it is very 20 difficult to manipulate a

mbhér Rt bEEIeaboas! inasiatIna#usven coating on the chip. In

addition the density and concentration of the agarose 5%i;ailhmust be

precisely-CORtBIEI T A ARSIt B  Sipinvibs ShiurEier g gEoulty is that
layer js, ver itffi lf% Furthermore once, applied the gel must be kept.moist .

to p?eveaﬁ%%éfylnaﬁn% %ﬁ;}gk?r%?%‘ﬁde é%&l?%ggt?s%é&ﬁ uns %%Iéea%‘uc? Blich wafer) is a
degraciesas hidhilemperatikes, ARdSaRa IR MUSIRG LRI ISHARTRMEI particutar
25application of the agarose layer. The agarose layer is also very delicate
andhstisoe plielei tocumrechanipalistresses, aRdelbitsi¢thgySiefRE@e aNBridization process,
transportation of the finished chip is difficult. In any event, the Use of an
agaresel et dess sreiotuicomedneryrdyentied prablemsicaustohbyand detection. It is
electrolysis. 5SSUMMARY OF THE INVENTION  According to the

preRSHE i nEATIIE rdds Fvitie d b aFars o B teBtimgaEige EONAh e DNA
biological sample, comprising a substrate formed with at least one )
rezc;lkc1 |orﬁu%1§f?:g§v%eurséei% as%f r&e%f fglrécéeﬁf?r?égjﬁ%gsaéﬁlglﬁ%ﬁﬂ Bgipand embedded in

sufage-fBrdhe atiachment af DNA 9?1%%%&@94%%%&%@%59%%@% of BNiSeptavidin that

arrangement some of the problems with the prior art are overcome or a

leastimitiigatad ecause-auminLR oxidaovidesia stakle attachment

surface that is easy to form and to manipulate, facilitates subsequent
handlingtamdestordbeokthe apparatus; ardiwhick/ ovargomesaasat leasly it is very
mitigates the problems with electrolysis. The aluminum oxide

attiERmiee st ayiodido azrees by Oxielatibnrofiatprevicusiycb B fgrotethe chip. In
aluminum layer, or directly, for example by sputtering.

addition the density and concentration 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



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. 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:
attaBHIHERE A TESEE HBLGHS 4 SIBER DB RPB PRk S5 Hhed el difficult. In
orlent tleq/l’é fAIttneerqlg(tal\{)%IXh hogy()esver th sur ace ec%(c)ujlnd e co%tnedalthhbqe W cansed by
prote| he capture progb ?\/ﬁa e labeled with a pr ein

highegﬁ{mtyswlth the first protein, for example streptavidin and/or blotln.

To reduce the background signal, the attaclunent surface may be coated

with a reagent such as albumin, salmon sperm DNA, Ficoll, or other

protein. 4 Viewed from another broad aspect the present invention

Mcludes a kit for the detectiGW ¥t ONKTR ABIBIEEREl sample, said

kit co (a) axsubstratadnslugingratiieast anenteacdion vell spid-atuleast @6cting target
reaction cell having an aluminum oxide surface, 5(b) a first reagent

comphiing edping picbes!mnchinyiagconuplentefitangDNA fraigasenbtaeaction cell,
said target DNA, (c) a buffer solution for receiving said sample, (d) a
secotFTaaguRTEBHPRSTIGRIEAR HrobRSTRH I e dRiknidnekrent of DNA
DNA fr agment to said target DNA, 10(e) a solution of streptavid n-coated

gold n%no artlcfes and solution containing silver ions. Viewed from

18nother aspeetdhe Bf@%%ﬂiﬂé@ﬂ)@i?ﬁs@lﬁ@ Wﬂ%g&ﬁs Wﬁtﬁ@'}%@raﬂ are overcome

detecting target DNA in a sample comprising a substfate having an
aluminatrizaxidei gusthioe pardlanidNA eapte feoprahasabiachettesaidrface that is easy

aluminum oxide surface.
to form and to manipulate, facilitates subsequent handling and storage of the apparatus, and
which overcomes or at least mitigates the problems with electrolysis.

The aluminum oxide attachment surface may be formed by oxidation of a previously

15 formed aluminum 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.

20 Preferably this protein may be an antibody to a protein used to label the DNA capture prob‘es,
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.

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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15Viewed 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 200f said capture probe (c) adding to

said cell a solution containing capture prébes formed with a DNA

sequence complementary to said target DNA and labeled with a second

protein Naavireg High affistityrwith-gaidfrst proteigsent infehsupplybngisaid kit for the
sample to said cell, (e) adding to said cell a solution containing target
DIIACHeteRl 8T Hrobes Forrietp sint sDN® sébkiéncamonmgiementary to

said target DNA, %gling‘to said cell means for generating a detectable

signal in a GaIFViR&EAS including gt leap gpe feactipie pelaptifteld Isyssaip roaction cell
capture probes_and detected by said Ddetection probes, and . (g)

detecting Saidﬁ%%ﬁ &flifeﬁfi‘ﬁﬁfm OF THE DRAWINGS

(b) a first reagent comprising capture probes including a complementary DNA
fragment to said target DNA,

(¢) abuffer solution for receiving said sample,

(d) a second reagent comprising detection probes including a complementary
DNA fragment to said target DNA,

(e) a solution of streptavidin-coated gold nanoparticles, and

a solution containing silver ions.

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 aftached to the capture probe resulting in the correct orientation
of said capture probe,

(c) adding to said cell a éolution 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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Some embodiments of the present invention will now be described by way
of example 10and with reference to the accompanying drawings, in
which:- Fig.1 is a schematic view illustrating a chip according to an
embodiment of the invention and also illustrating the hybridization and
detection scheme, Figs.2(a) to (d) show reaction cells obtained
experimentally that show that the presesce of the capture probe enables
the target DNA to be detected, 15Figs.3(a) to (d) show reaction cells

obtained expsrimentall thq} shoyv that th(? resence of t eéar ?t DNA is
. t d . t . [
required @(fgre%1 ver epcgsnassv?nﬁ e oorrrlnaer(ljl,n %lélé‘(.g t(a I\t%&( 3t‘é%15)vr\l/ probes formed

reaction cells,ahtained sxperispepiaivthatshowthatthe, intgrsity of the

silver deposits increases with increasing concentration of the target DNA

in the sarpledding 20kig. ashowmicaetionselisobtainedgxpesimentallyell where
that show that the intensity of the silver deposits varies with

the-concentratigri &fthebeaphsre proled D FANL EDDE SORIPTHONe@Eted by said
PREFERRED EMBODIMENTS Referring firstly to Fig.1 there is

shown schee4R RiORE¥SP4pparatus for the 25detection of DNA in
biological(g_igé?les in accord(énce with an embodiment of the present

. . t1 1d - .
inveniion. gﬁlﬁl S%ps‘ﬁ%réa a silicon wafer 1 on which a layer 2 of

aluminum is fabricated, 6 and a layer of aluminum oxide 3 is formed on
the aluminum layer 2. The aluminum oxide layer 3 is the attachment

surface for he DNA grabesas wiltie drscribeethsionw s

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

Fig.1 is a schematic view illustrating a chip according to an embodiment of the

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 biclogical 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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The aluminum oxide layer 3 may be formed either by oxidization of the

aluminum layer, or by direct deposition of alumina on the surface of the

chip without the need for an 5aluminum layer at all. These possibilities will

be now be described in more detail. In a first method of forming the

aluminum oxide layer, aluminum is allowed to grow on a clean aluminum

surface that is exposed to oxygen and water. Silica chips that are

fabricated with a layer of aluminum on theé surface are first rinsed with

distilled water, cleaned by dipping into 5% (w/v) NaOH solution for about

30s, ana/theh sbashedisexiéeal 10ftinmes witlthdistiltethwateyaccordéngtminum oxide
the technique described in Sharma CF & Sunny MC "Albumin adsorption

oAy alisrHinatiadxiget andase ipurbeiaiié sirbaces wHidmadteridisd bOI9O: 11
255-257, The chips are then heated overnight at 37C in an oven with

some whtEPHBIRHRATHET 187 airian MidRERd. WhereP IrddcdnRiabie 2luminum

tr11e surfa e fth aIu(gglllum 9)({9%% go lumina wit %éthlgkne?L agout 46
504 Ih %1 di ?catl of this process e%ﬁf‘ﬁsaﬁ%aoyb Régee for an

with. gl %Q%W%%ﬁ@ﬂé& hapied. a4 605 Jor 48 hours, A5 alemaive

to forming alumina by oxi atlon of an aluminum layer, alumina may be

deposited direetean @ siliamivaier aceaingtrthe, o/l oning SRUMANIREJ o grow
conditions: Equipment:ARC-12M Sputtering system RI, power:120W

20Basdqressumerdnd4ucfits SitanisRigeess pressiye: mxdl@aBt08iE@sSchips that are

flow:.41.1102 ---- 30.2/7.5 sccm Stage rotation:8 rpm Sputter Time:45

mihiifaéed with a layer of aluminum on the surface are first rinsed with distilled water,
cleaned by dipping into 5% (w/v) NaOH solution for about 30s, and then washed several
times with distilled water according to the technique described in Sharma CP & Sunny MC
“Albumin adsorption on to aluminum oxide and polyurethane surfaces” Biomaterials, 1990;
11: 255-257. The chips are then heated overnight at 37°C in an oven with some water in a
container to maintain moisture. Under these conditions the surface of the aluminum oxidizes
to alumina with a thickness of about 50A. In a modification of this process the chips may be
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 10 torr

Process pressure: 5x 107 torr “

G‘:iS flow: Ar/O, = 30.2/7.5 scem

Stag? rotation: 8 rpm

Sputter time: 45 minutes

Minimum thickness: 100A



Minimum thickness: 1 00A 7 Chip size:5mm x 5mm The
alumina-coated chip may he patterned, by conventional photolithographic
techniques. in addition, whichever method is used to form the alumina
layer, prior to 5 hybridization the coated chip is washed once with Ix PBS
(phosphate-buffered saline, pH 7.4) at room temperature by pipeting the
solution repeatedly over the chip surface. Of the alternative methods of
forming the alumina layer, sputtering may be preferred as studies show
that & predetces the lowest haekground signal. Whichever technique is
used for forming the aluminum layer, the thicickness may be at least 50A.
10Aluminum oxide is preferred for the probe attachment surface because
compared with, for example, agarose it is cheaper, more stable and more

durable. InAadHBA BRI BR B BarPbePattsrag dRy affwiseRy photolithographic

temperale: MPOANLY, minym oxide, also eliminates the problems, o +
: ‘ v ) : Wdhlllseus o form ]le a&l a_layer, prior to

associated with electrolysis. In addition, agarose 1s difficu {6 handi@

0 foiﬁ%x?ﬁl@&f@x'ﬁ@xé%f@d theprere siee %El@'etkljﬁﬁr}%sﬁéiﬁ EBEO@]M%%%&Y&{ saline, pH
can easily 15 be controlled (for example by altering the sputtering

conditions oothecaipmoisture gpatept)he heakimbpam:oxidecancalsy surface. Of the
easily be patterned using conventional photolithographic techniques. The

use dfAn3HtteEtcdfuifRImibiths [Fyeris dteantaysons becabiserifeapd as studies
reduqe thg1 t@ackl%rcﬁundtsi nal cg e Lo reduced non-specific binding, and b¥ _
incréasing thes Rontrast Betieah THa B ama i ATea By THd eresied for forming
and the hackaround: 20RsigNing-hadk.tq Fig kghere is also shown

schematically the basic hybridization scheme using an apparatus and

1method aceasging:to anemnbpdiseat fF the piesentiryeRHOBuAce because compared
particular, in Fig.1 the attachment surface is a layer of aluminum oxide
formedilefoakxmimlaresAresrctiacheactionavestanayiyengetidedtiyy. In addition aluminum
depositing silicon oxide on the aluminum oxide attachment surface. Within

eacPFEKciBh Welf Eahidré Bronss A atcaaprad ts-2 BHRe S indHXiEe oxide also

Y eibF: FARRY RIS AL 0K ARANELAVSS! AN HLLIRMIR aitricur o

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.l 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.l 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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a linkage formed of digoxigenin (DIG) and anti digoxigenm (anti-DIG)

antibodies. Er particular, anti-DIG antibodies are adsorbed by the

aluminum oxide surface, and the capture probes are formed with a

DIG-label whereby the capture probes may be linked via the anti-DIG

antibodies to the aluminum oxide attachment surface. The aluminum

oxide surface is 5 very porous and has the ability to bind many different

molecules. The anti-DIG coating functiong as an attachment layer to

ensure that the immobilized DNA capture probes are correctly oriented. If

no coating were applied, there is nger that the detection pr to .
O e T e A R K s o

infedarencainiing deiecien ot Rrget ANA-u Additien, 1.18-COAURY WRIthe capture

applied, the capture probe might bind 10 to the aluminum oxide in the
ingerEecironiaiadiontin piacipe, heapiidd GiPiGlinksgesauid Paked via the anti-
replaced by any similar pair of compounds, e.g. an antibody and a target
prdteiandrcdipaio chproteinswith e rythighnaffinitytios. Bichabthénpor @nge surface is
pair of non-protein molecules that are able to interact with each other. It
shgvldeies bad hdeiboeblihatahenstderot didesanibodiggeteifberanti-DIG coating
protein/protein linkage could be reversed. For example while in the 15

phetERSY emBbaifiidit destribed retein ti-Brcrasd s tiirearimyprobes are
"THHRGGORING 80d {00 CARIIE RIGRTR A8 213D 8 P RO on probe (o be
reversed. nowever, In prac caf eI’PI{)S Iet fs EaSier to attach a smal

MRIeCHESHSRASRIG 0.3 cartura RIeng AR WRrld: %&Ocﬁggqgtglqcrence in the

antibody to the capture probe. Furthermore it should be noted that the
Ccapliseoprong squidRe diraaihs atiach 8io the-ad NN AXIABHAYBFdWE might bind
the addition of a terminal amine or aldehyde 20 group It will also be
understaadhiihat the eaptuie prabestarsdommed WithriadDA thequenoss/DIG linkage
complementary to the DNA target that is to be detected in a sample.
Thrrsforeroniaesd theagsmipldaispsusp ity thes senfave afitivd i totavkithrotein, or
the capture probes are attached, if the target DNA is present it will bind to

tHePeSmMb RISt DRI Shg e of therchptife pirabe PETLRf HoERRIRIR molecules

PIOSERR oa%(fl\tlcé Ir;] e?z{é 2% I(.)erz]{cglg er lﬂ"s}%%ﬁo glsr(r)] e %5%“?5%%'2( 81?1 the _order of the
accelerate eby the application or an electric current as Is known in gthe ar.
OQ&%&*&‘?/E%@%HJ%P%%J%S%@P@%G&M%Q%&MP SHfasgs s then 253 Mle in the
to detect any target DNA from the sample that has become bound to the
CaptesedarohpsdikRMACRIRME-a HRisia Salubion iseRtaiNing.RIAtRYItathiting coating and
detection probes is added. The detection probes include DNA sequences

thiat are complementadi@olthe ddryist DNA and thissdvilldsiadeto ianydaigeatierms it is
DNA that has previously been caught by the capture probes. To enable
therdaighittadige NNl salvisiva ke dEfe aadagbit paetsphttidlascadhhsdo attach an
with streptavidin are added and because of the affinity.of streptavidin with

bitiPR GolbertaRupapiie st BaRasmi shrsichunetr ot ifetaritimprobe could be

probes. The gold nanoparticles themselves are tpp small to be seen .

R G SR e TR AT h g o1
b uced on the surface of the strc;ptavidin-coated gold nanoparticles to

form a silver layer, which is visible as a dark deposit. To reduce the
backgroyngisignal sheuchinmaaynnaierabiybe freated withsalmam a DNA sequence

15sperm DNA, As an alternative to salmon sperm DNA, albumin, or other
prateipspankaigolh thapb@ usegt 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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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 he used to detect dark deposits in
the reaction cell, which would result from the presence 200f the target
DNA in the sample. Example  The following example is of a protocol for
detecting [3-actin DNA in a sample. The hybridization steps are
electronically assisted, preferably by puls% hybridization using applied
pulses, though continuously applied current is also possible. Pulse
hybridiz atioryhopverss, f0TMAS damagettenth@lchipy@ndiresultsitapa preferably be
higher signal. Typical hybridization conditions include for the hybridization
ofthrdsainiigie DrRrEHEEaptardprobesrihet applicationiotxrsecond
pulses (13 microamps) followed by a 3 second pause repeated for 8

minutes{1'&° PtotaParashhfsB<SPREFIHE HifbFiiatidirbrthis teteefitiisary to detect
be to t d le DNA, 5t iti b d, .

DTaF S rdloa O UL, TR e ko OberBA e i

!Xﬂ'fi§§s@H%PJ&R%{HHE%f&%?ﬁ'@&ﬁéat@dﬂn%r@_b géqp %cﬁ%&h %ﬁ%‘ l&‘éﬁgt%tiiB{)@s include

is added onto an alumina-coated chip and is incubated at 41C for 2 hours.

3PNk antidde selutienisngiseardad anththerchimis avashed SwwithR0plany target
Ix PBS, 10pH 7.4 (pipette up and down during every wash). 4.1rd IOrtM of
theNDAGhlibelegheaptuste peebesugyethehsavitip2pgrdalmdio spevia DN Aairght target
50p1 Ix PBS is added onto the chip and incubated at 41C for 30 minutes.
TENSalindrs spairtDieesefr SN ddensrrdit by Pretthg it 95mRyigpmre added and

single strands apd is then mixed with the DIG-labeled capture probes.
T BSEPE DhCke A LR By B Lo R i S AT 3 BRURecome attached

chclyu%oende [&tion probes. The gold nanoparticles themselves are too small to be seen clearly,
but a solution containing silver ions may then be added which will be reduced on the surface
of the streptavidin-coated gold nanoparticles 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 DNA. As an alternative 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 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,
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discarded washed three times with 800 Ix PBS and once with Ix SSPE.

6.Add 5111 111iNI sample of /3-actin sequence (a 91 nucleotide
single-stranded target) in Ix SSPE and apply electric pulse current as

described for 8 min. After - hybridization, wash the chip 3x with 0.1x

SSPE. 207.Add detection probe (lul, IOpM) to the chip. Apply electric

pulse current as described for 3 min. Wakh the chip 3x with 0.1x SSPE

and once with Ix PBS. 8. Streptavidin-coated gold nanoparticles (obtained
fromSigimmmaghenticatiGo arldtdss8its LiouishiMiss il USA)arerdititedtion conditions
10-fold with Ix PBS, pH 7.4. 9. The diluted streptavidin-coated gold
naRoPaTtieredahy H9 theeripalafald s5dsd inbubatebeatk1@fbralisn of 10

minutes. 11 10.The.diluted.streptavidin-coated gold nanoparticle solution
B R o R BO A BB 703 Cptes G . o

|scar3e

upasd.dewp,Auting exeny wash) and Sxwith.84, %%E%CJ@Y&%M{% sample DNA,
water (pipette up and down during every wash). 511.A°1:1 mixture of Siver
enthaseet selitipns Aaabd BAHbtaiRed roBSHgmai.c. 18 pulses).

1. Anti-DIG is diluted 100-fold with 1x PBS (phosphate-buffered saline), pH 7.4.

2. 50pl of the diluted anti-DIG is added onto an alumina-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 80ul 1x PBS,
pH 7.4 (pipette up and down during every wash).

4, 1pl 10pM of the DIG-labeled capture probes together with 0.2pg salmon 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 probes.

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

6. Add 5 ul 11uM sample of B-actin sequence (a 91 nucleotide single-stranded target)
in 1x SSPE and apply electric pulse current as described for & min. After
hybridization, wash the chip 3x with 0.1x SSPE.

7. Add detection probe (lul, 10puM) to the chip. Apply electric pulse current as
described for 3 min. Was}; the chip 3x with 0.1x SSPE and once with 1x PBS.

8. Streptavidin-coated gold nanoparticles (obtained from Sigma Chemical Co., Ltd,
St. Louis, Missouri, USA) are diluted 1.0~foid 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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Chemical Co., Ltd, St. Louis, Missouri, USA) is prepared just before use

and the following steps are performed in a darkroom. 50p1 of the silver
enhancer solution is added onto the chip and incubated at room

temperature for 5 minutes. 12. The silver enhancer solution is discarded

and the chip washed once with 10autoclaved milli-Q water before 50ul of

2% sodium thiosulfate is added onto the chip. Pipette up and down once

to remove background and to fix the cdlbr. 13. Discard the sodium

thiosulfate solution after 2 mm incubation and washed with 50111 milli-Q

water befite H0uddatitoplavidthritic wadendsoaeidiet: cototthe chipscigicd and the
Observe the appearance of dark spots on the chip with an optical signal
detectionclBsystesheEsqierinih$l ebulBS, rThefénmittg expedrtenesring every
results shown in Figs.2 to 5 were obtained using the abave hybridization ,
protocol Wﬁﬁlbé‘ﬂ‘éigxp‘ﬁfgh@é‘r@%ﬁ?d%ﬁ’é@‘% WAlPh&PHRTHS SRRt durng
from the following, In all cases, the basic DNA detection scheme is the
foIIowing:eé?{yaWﬁ%hﬁum oxide attachment layer provided with anti-DIG,

D'C%"abelsdécf’ﬂ‘%l%&ﬁ;%foot%‘?gx@@yi@&&E%!r\'/g\omgmew GAMRIEISRIAL 1B Sigma

sing}é-stran ed nucleic acid target, biotin-labeled detection probes for -

binding to-gapiuiee jargetss @nd sirartav dinteoaied geld-Banoparisiesse and the
with silver enhancement for visualizing detected target DNA. 12
Figs.2(a){sl)oHustrate she: eifefctivenesa ofittieoRlGdabefetkcaptiurenprode solution
in the detection of the DNA target. Figs.2(a) and (c) both show the chip

before hybridizatioro Tivehgastibmodiedrs whitc dpesasiseeiorsilyaputes.

deposits have been formed. Figs.2(b) and (d) show the chip after i
hyb¥idizatiors viitheth srbIasta LBt eh U fbsprtse Bathdrediht Trriglopgse Wit

but absent in Fig.2(d).. The reactjon cells ar en to be darker n Fi )
than in hi ﬁ‘i‘(&%ﬁ%wmlj%é’sﬁ%rp eszi(%rng #\?@? %‘% socthum ﬂgjLosu? a\l.e is gdgécti) onto the

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

13. Discard the sodium thiosulfate solution after 2 min incubation and washed with
50p milli-Q water before 50pl 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.2 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
aluminum 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 capturéd targets, and streptavidin-coated gold

nanoparticles with silver enhancement for visualizing detected target DNA.
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Fig,s.3(a)-(d) show that darkened silver deposits are only formed in the
reaction cells in he presence of the target DNA. Similar to Fi g.2, Figs.3(a)

and (c) show the chip before hybridization, while Figs.3(b) and (d) show

the chip after hybridization with the target 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 formed in the reaction cells only in the case of Fig.3(b) where

the target DNA is present. Figs.4(a)l%d) further demonstrate the
effectiveness of the present invention by demonstrating that the silver
depdsits Hecthelbaretr With dffcreasing tafgét DNG-18 cloricentratignagadin the
thus that the optical signal increases in proportion to the target DNA
COHEB AT A EMGA thennip aRer FYBYichEatioh siiertiémetiorstion
with (a) undiluted target DNA, (b) target DNA diluted 5-fold, and (¢) targe

R0 GG SELHRE LR B SR So A HE o dCHE Ea PPy ) and
arc.darker.than these in,Fig.4(b) which,in are.darker than those in -
T A B e g present
presentand fhiswh iﬁ@gf@@‘}.“@ﬁle‘%@i@ti%%ﬁ@ slverdeposiede HiRallmw) than in
Fig.5 shows that the intensity of the optical signal varies with the ,
congentyationiof the RiGstaptiureprobe. In Fig.5 the DIG-capture probe
concentration varies decreases from left to right and the reaction cells
becohigs 8orrédpeimuinthist lightered siless &itveitisade positdnddl @Sht Paction cells
CLAIMS 1. A kit for the detection of target DNA. in a biological sample,
sandrstrssTsisasthge sy eeishbtr Aenikeleding afieas(briatéactsiy daickigibetore

at least.one rea%tion cell gévin an aluminum oxide surface formed on

lafEF BT EEricaH it BhareSRAGCHRGCY &5, TRy %%Ma%aa@aby%hn%? target
iSing ¢ bes includi I NA
reﬁ%%%glonrg {%Sfé}g (l:g%té%{l%%zgnglsbaﬁ gotrﬁﬁi‘%ig%ggearﬂlemgﬂ Pe seen that dark

fragment to"said target , er so ceiving said
Sa&ﬁ}mﬁts of silvefGk& ﬁ%@@%r%%mt%mpﬂgsmmt%%i9&@5@%@3(})) where the

including a complementary 1.0DNA fragment to said target DNA,
target DNA is present.

Figs.4(a)-(d) further demonstrate the effectiveness of the >present invention by
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.
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(e) a solution of streptavidin-coated gold nanoparticles, and (f) a solution
containing silver ions. 2. A kit as claimed in claim 1 wherein said

aluminum oxide surface is coated withst 15protein to ensure correct
orientation of the capture probe, and wherein said capture probes are
labeled with a second protein having an affinity with said first protein. 3s
claimed in claim 2 wherein said first and second proteins comprise
antibody-protein pair. 20 4. A kit as claimed in claim 3 wherein said first
protein isranti-titgaxdgest martibedies narns side i saisd seaohdiprotepmising:
comprises digoxig MCSLLP 14 5. A kit as claimed in claim 4 further
including a thirdirergdeciuion eduting ahackgrouncisjgaal at@edskitraseaction cell
claimed in claim 5 wherein said third reagent comprises albumin or

salmon spermin@MNAaluminum oxide surface formed on a layer of electrical and heat

MCSLLP

conducting material, and at least one of

(b) a first reagent comprising capture probes including a complementary DNA
fragment to said target DNA,

(c) abuffer solution for receiving said sample,

(d) a second reagent comprising detection probes including a complementary
DNA fragment to said target DNA,

(e) a solution of streptavidin-coated gold nanoparticles, and

(f) asolution containing silver ions.

2. A kit as claimed in claim 1 wherein said aluminum oxide surface is coated with a first
protein to ensure correct orientation of the capture probe, and wherein said capture

probes are labeled with a second protein having an affinity with said first protein.

3. A kit as claimed in claim 2 wherein said first and second proteins comprise an

antibody-protein pair.

4. A kit as claimed in claim 3 wherein said first protein is anti-digoxigenin antibodies,

and wherein said second protein comprises digoxigenin.
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7. A kit as claimed in claim 6 further including a color-fixing agent. 8. A
kit as claimed in claim 7 wherein said color-fixing agent comprises sodiunMCSLLP
10thiosulfate.

14
5. A kit as claimed in claim 4 further including a third reagent for reducing a

background signal.

6. A kit as claimed in claim 5 wherein said third reagent comprises albumin or salmon

sperm DNA.

7. A kit as claimed in claim 6 further including a color-fixing agent.

8. A kit as claimed in claim 7 wherein said color-fixing agent comprises sodium

thiosulfate.



