APPARATUS AND METHODS FOR DETECTING NUCLEIC ACED IN BIOLOGICAL SAMPLES
FIELD OF THE INVENTION This invention relates to apparatus and methods for detecting nucleic acid
in biological samples. In particular the present invention relates to a oval apparatus and method for
detecting DNA sequences using field-assisted nucleic acid hybridization and to methods for optimi7ing
the performance of such apparatus, Efp‘&f‘r @ extends to the use of
field-assistedi hybridization in any biolo ica process that |nc des arged entities. BACKGROUND
OF THE INVENTION Thel& ANCENY] i L (RANDNADr RNA) array
technology has transfoinied the basic concepts of genoralcs and pro emies analysis. The transition
from "dot blots" to 'arrays on glass slides" and then to DNA raicroarrays (also known as DNA chips)
has revolutionised the industry by makifgiieryeiseale iigaldfalnostic testing and screening

processes realistic foiprasticalapplicationspps-iswelkknown, & typicalmigroatay with reactive sites
in a predaermined configuration on a substrate, will exhibit a binding pattern when exposed to a

sample with tseialcieiplacit fagments hovagiabase sequencs camplimenaian: indhatofihe
capture fragrierts attached on the reactive sites. The binding pattern and the binding efficiency can be
detected by Optidztomelédianicmeathodsnyfeiianappiopiiate detetionimechanism isesed, which
may include for example fluorescent labeling, current detection or impedance measurement. The
use of electricalRpassistedharsicramictnfbridizarfomasa mbirtitectiniguednt the atiatysissadbiological
samples containing DNA, e.g. blood, plasma, urine etc. Conventionally, a chip for DNA detection is
formed from T@n@%ﬁéev%@ﬁ}do%%ﬁén%}@ﬂﬁ@%iﬁ?ﬁg%la%% Hitiesiea droets. ton thehstﬁtﬁfa:ba?gﬁdthe chip a

number of electrical contacts are formed using known
entifies.

BACKGROUND OF THE INVENTION
The emergence of high-density polynucleotide (eg DNA or RNA) array technology

has transformed the basic concepts of genomics and protemics analysis. The transition from
"dot blots" to "arrays on glass slides" and then to DNA microarrays (also known as DNA.
chips) has revolutionised the industry by malking largé-scale clinical diagnostic testing and
screening processes realistic for practical applications. As is well-known, a typical
microarray, with reactive sites in a predetermined configuration on a substrate, will exhibit a
binding pattern when exposed fo a sample with target nucleic acid fragments having a base
sequence complementary fo that of the capture fragments aftached on the reactive sites. The
binding pattern and the binding efficiency can be detected by optical or electronic methods
‘when an approprate detection mechanism is used, which may include for example
fluorescent labeling, current detection or impedance measurement.

The use of electrically-assisted nucleic acid hybridization is a known 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 by means of an.. attachment layer

which is conventionally an agarose gel. If a biological sample contains the target DNA, the target DNA
will bind to the complementary DNA fra.gments by hybridization, and various imaging techniques may

be used to detact suchrhyhyidization;and. tusithepresence.inihissample.of the target BNA. PRIOR

ART  Nucleic acid. fragments are electrically charged and thus can, be attracted towards a.

particular sitelayelecirostglis:attrastion Bysthedise afclestredes and thys.By the apnlicatiqn of an

appropriate electrical current the hybridization process may be accelerated and thus the detection,
process is algecaceslasgtedntdpwerer dhibRatpassiinde usertheleciiodedn direstcpntain with the
nucleic acid fragments because of the danger of electrochemical degradation or electrolysis of the

sample. Conwgatianally therefore apeameatiosifattashmentotayeidsnnesmally:coaiedsn the electrode
as shown in US 5605662 and 630634E. The permeation/attachment layer is normally made from
porous matériatslisgieolgékmaterialsgperectiiydrogelmhaterdals, perotismoxidésidingisemes to allow
the selective diffusion of small ions and also as an attachment surface for the capture probes. Direct
contact of tieus teeicwerd frdenenmavithihesledisde is reduced owing to the size of the pores of the
porous materials which are generally too small to allow the larger nucleic acid fragments to pass
through  When a voltage is applied to the electrode underneath the permeation/attachment layer,
the devices of the prior art can provide eleetrorghoretic transport effects without electrochemical
degradation of the sample and can thus enha ifization. Howeve; such prior techniques for

enabling electricallyuinduced Rybrigdization cirennatiwithaytihain drawbacks. fiei-exampieisporous
materials such as hycirogels and polymers are vulnerable to deterioration Mier contact with ameous
solutions, varduslehegimicalieamekainumbatiohdmiiientstacteisctidiepaapdration it aphigetimaterials are
costly and complicated, increasing the manufacturing gusts. Furthermore the porous materials are
naturally fra@filennerepseestisiacd adserptionbabddipeiwappirpoiasdesireddoteigndifatefials such as
moisture hydrocarbons in air, resulting in a shorter-shelf-life of the devices. SUNIMARY OF THE
INVENTIONSteCARBFERAT ibalfe asrstantethvapitisTrtnire retmerdblatappataetsor dawéling target
nucleic acid in a sample, comprising a substrate formed, with at least one reaction cell, wherein said
reaction celf‘f’l’i‘&?ﬁh‘@g&w@aﬂﬁzﬁ%@ A PRER TS ot S ST Ch RS R rmiFe SegErddAtent of

nucleic acid ca}gture @robe .and Wl"ﬁre' a metal ggcgodg: is provided in direct contact with said the
diectric mat®ridt e SEnipI ATaS Tt sE bISEYIaT JOBEtaHcasPSH e SR RHiaf 56 Wastewater,

solution or feadent, The.samplednay.Alse.Re abiglpdisa! isamplesshchias blood, plagmagl urine.
permeation/attachment layer is normally made from porous materials, eg sol-gel materials,
porous hydroge} materials, porous oxides and serves to allow the selective diffusion of small
ions and also as an attachment sufface for the capture probes. Direct contact of the nucleic
acid fragments with the electrode is reduced owing to the size of the pores of the porous
materials which are generally too small to allow the larger nucleic acid fragments to pass
through.

When a voltage is applied to the electrode undemeath the permeation/attachment
layer, the devices of the prior art can provide electrophoretic transport effects without
electrochemical degradation of the sample and can thus enhance hybridization. Howsver,
such prior techniques for enabling electrically-induced hybridization are mot without their

drawbacks. For example, porous materials such as hydrogels and polymers are vulnerable to




Preferably the electrode is provided beneath the attachment surface, that is to say in contact with a
side of the dielectric material opposite from, the attachment surface. Conceivably, however, it could be
applied in contact with a side of the dielectric material or even in contact with the attachment surface
itself.  In preferred embodiments of the invention the dielectric material is preferably an oxide, for
example it miEfoberebiaciedrorpnthel grolimoonsistodtbAl208; Si0thenitla 205 A Thernetal electrode
for example may be formed. of aluminum.  In preferred embodiments of the invention the apparatus
may compriser@ifmi ieiper Sthacusrarebrnpyisingeal rstaraidsl ayeros secdinsisktihgitayesiformed on
said base layer, a third layer formed on said insulating layer and comprising patterned conductive
regions defirfity BERHatHReE R e lBEtisaROMN dba foara aystetinprisinyariiastogderegibn of
dielectric material, wherein each said metal electrode in said third, layer is covered by a region of
dielectric mal&TfaPiPala fRATRIEY SPIPPerEraBpaHE paterrsuieriauaneirkyions af theithird layer are
separated by rgraign formed of diglectric aterig!ii ill more preferably the regions of dielectric
material said" ?/ou?fhaﬁa%/%r%%srgﬁ‘g%ﬁt%& 30%‘?&5? e ASRRATE material, and the reaions
ofpassivationmateriai may extend over the edges of said regions of dielectric material to define said
reaction cells.  Viewed from another broad aspect the present invention provides a method of

performing field-assisted hybrichzati%ﬂgﬁggtggt%w%@ﬁgﬁid targets from a biological sample,
aving an. attac

comprising the steps of providing a notion ce hment surfa™e formed of a dielectric

material, providing agnetal electiodedeneainirest caniact il said dislpeiic materal, attaching
Y

nucleic acid capture probes to said attachment surface, adding a sample to said reaction and

providing anelsetrical paientiabigisaidelectiode sThe:sample. MaygomPEse Biplggical substances and

the sample may be wastewater, solution or reagent. The sample may also be a biological sample such

as blood plasimergr stidesactiothelelacinizalpotntiahaaybeapplied@sa cutinyous:patential, or may
be a smoothly varying, or pulsed potential. Viewed from another broad aspect the present
invention alsbproidesat miethogiotaitrenting ordepebint wieatticatherharged RnitiesHaar from a
surface of a. reaction cell whet. performing a biological reaction, comprising the steps of providing a
dielectric matEaal essaidsiriatelghdigensiatiay Ahekeciptahfiplcbhyindutingichiansepatation in said
dielectric material. The electrically charged entities may be nucleic acid molecules. Viewed from a
still further a¥pEERETRTEHED A S8 eX iR dIBIS st REE D fdha amply aypilwdotiohioklscr
performing biolo icaI%a%I(}}/sis, comprising the steps of patterning metal electrodes on an insulating

substrate, d&FBSHiTY TR HIOR O RIRSBR e

Preferably the electrode is provided beneath the attachment surface, that is to say in
contact with 2 side of the dielectric material opposite from the attachment surface,
Conceivably, however, it could be applied in contact with a side of the dielectric material or‘
even in contact with the attachment surface itself.

In preferred embodiments of the invention the dielectric material is preferably an
oxide, for example it may be selected from the group consisting of AlOs, Si0; and Tay0s.
The metal electrode for example may be formed of aluminum.

In preferred embodiments of the invention the apparatus may comprise a multilayer
structure comprising a first base layer, a second insulating layer formed on said base layer, a
third layer formed on said insulating layer and comprising patterned conductive Tegions

defining at least one metal electrode, and a fourth layer comprising at least one region of



material on said metal electrodes, and forming a rim around the edges of upper surfaces of said,
regions of dielectric material so as to define said reaction cells.  Preferably, for example, the method
may comprise depositing a layer of metal On an insulating surface, covering a desired pattern of said
metal layer with a photoresist and removing the remainder of said metal layer by an etching process,

depositing aiguer;esaiddielagicmalerial oxersadpaliemed s gl whiely spid digadric material

covers said patterned metal and occupies the areas between said patterned electro epositing a

passivation layer ovelsaiddayereidicletis.matarial mattering seid.nasaivation laysrwit a

photoresist and removing said passivauor, layer to open said dielectric. aterial where it covers said

metal electredieb tardefing Wﬁt@@@y@@g@&ﬁ@&@&%@ﬂ&%@ﬁﬂiﬁi%%%w Some

embodiments of the invention will now be described by way of example and with reference to the
accompanyihgrdgrwingsiitertichatigl nisal sectionaleviensthreughts ehindp accgrdansavith an
embodiment of the preset invention, Fig.2 is a view similar to Fig.1 but showing the chip in use, Fig.3 is
a schematicritiustiating leovgingthépandetiying peinal pheoépeaferrediemidgsimenis efdbespesent
invention, Fig.4 illustrates the ste2s in a possible fabrication process,

dielectric material to define said reaction cells.

Viewed from another broad aspect the present invention provides a method of
performing field-assisted hybridization in the detection of nucleic acid targets from a
biological sample, comprising the steps of providing a reaction cell having an attachment
surface formed of a dielectric material, providing a metal elecirode beneath in direct contact
with said dielectric material, attaching nucleic acid capture probes to said attachment surface,
adding a sample to said reaction cell, and providing an electrical potential to said electrode.

The sample may comprise biological substances and the sample may be wastewater, solution
or reagent. The sample may 4lso be a biological sample such as blood plasma or urine.

The electrical potential may be applied as a continuous potential, or méy be a
smoothly varying, or pulsed potential.

Viewed from another broad aspect the present invention also provides a method of
attracting or repelling electrically-charged entities to or from a surface of a reaction cell when
performing a biological reaction, comprising the steps of providing a dielectric material as
said surface, and generating an electrical field by inducing charge-separation in said dielectric
material. The electrically charged entities may be nucleic acid molecules.

Viewed from e still further aspect the invention also extends to a method of forming

an array of reaction cells for performing biological amalysis, comprising the steps of

patterning metal electrodes on an insulating substrate, depositing regions of dielectric



Figs...5(a) and (b) show first test results, Figs.6(a) and (0) show second test results, and Figs.7(a). and
(b) show third test results. DETfIED DESCRIPTION OF PREFER= EMBODEVENTS Fig.1 shows in
section. a part of an embodiment of the present invention that includes three cells for receiving a
sample-containing buffer solution, but it will be understood that any number of cells could be provided,
and they w&ﬁ?@eﬁ%r%ﬁy%@?@ﬂrﬁ]éﬂmiﬁdésr@é%ﬁﬁ&%‘igaﬁ%? arourphie)edsce eiceendimgfersnoémbodiment
of the invention is fabricated by sequential deposition onto a silicon substrate using conventional

deposition tEEARREIRES. FERSIRFIERATER Shaine dRETHTS T SAYEemERISf S102 of a thickness of between
about 200= to 500nm.is rr%gad ogﬁ%glg Si sub trgtge[ﬂ%l any suitable technique including thermal
oxidation or by any Sultabie a5 ’t@@fm?g}i}f’ TG SIS FUtEF Y, R PErbeam
evaporation.an h%Iike On top of the inRulating layer.is formed (Fig.4(b)) a layer of alumipnum of a
thickness of be ﬁ%@n%ﬁ%ﬁ 56 %nrﬁgtoal%ﬁ %gn? %ﬁ%\ogs?ﬁlg %?%Oﬁlggn%'g%a? d’éﬁﬁgﬁ‘ﬁ% #ehniques.
Once the | gj-g!um! .nas b rmed; itis patterned (Fig.4(c)).using a layer of photoresist and
the unmasi}é areas arg%glrr%g\;% ?b%ggtc eﬁ% ?E%AQ( gﬁ%@%ﬁ%&%&%ﬁlﬁeﬁa ved *(Ig—alléE 4(e)). The

chip is then goated(ig.4(0) oith JdA0 tn-adhickness ok heteeNa0:0007 Wilh aglons OIAI203 being

L a . .
formed between the alominum regions that are formed on the silicon dioxide substrate. A passivation

layer of (forexampler3iaNhis haniderasited(Fig:d42)) Qm theAIR03 by meaps Rhpiasma enhanced

chemical vapor deposition or similar techniques. The passivation layer is then patterned with a pho
oresist (Fig Aty et thgepassivatiaaiayer dsthemn etehed)(piad{l) 0 Opan i the.A20;areas that are
to become the attachment surfaces of the reaction cell. Finally the photoresist is removed (Fig.4G)).
The result ofithisrfabticatioanproness:ié thesmatitddyeerstouctete sefdrigelRegionsef akiw:- um are
famed on the insulating layer of silicon dioxide and these aluminum regions are separated by Al20".
Formed on epvefstkrdayes cleatorden tori st 20814 ddayBy. that comprises regions of Al203 located
above the regions of aluminum and separated from each

BRIEF DESCRIPTION OF THE DRAWINGS

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

Fig.l is a sectional view through a chip in accordance with an embodiment of the

present invention,

Fig.2 is a view similar to Fig.1 but showing the chip in use,

Fig.3 is a schematic illustration showing the underlying principle of preferred

embodiments of the present invention,

Fig.4 illustrates the steps in a possible fabrication process,

Figs.5(a) and (b) show first test results,

Figs.6(a) and (b) show second test results, and

Figs.7(a) and (b) show third test results.

DETAILED DESCRIPTION OF PREFERRED EMBODIMENTS



other by the passivation material Si31\14 which covers the Al203 regions separating the alurniHnun
regions on the lower later. The passwation material also extends to cover the edges of the top Al203
so as to define a surface for u biological sample to b- placed for analysis. It will thus be understood
that in the example shown in Fig," the chip is formed with three cells 1 - 3 each formed of Al203 with an

underlyin, pad of aimtginuhows Mtheueh nekshown imFiemahest the glminum.regions:arefaimed by

etching, electrical connections may also be formed. that allow an electrical potential to be applied to
the aluminuntiregioss for neeitieachimet Kigntdiais Peemfalicatediteane wsedasthebasis for a
number of different biological tests and assays. In particular each Cell | - 3 in Fig,l. may be provided.
with suitable zapturebpratiesiasshidwa indvig, Reppadingubhibedasistotbeperfo.ledeashcell may
be provided with the same capture probes Or with different capture probes, the capture probes having
nuclei acid frag#¥ents that are complementary to fragments in. the sample that the test. or assay is
looking for ha the example of Figt, the cells ,; - 3 are all entical and a drop of sample containing buffer
solution is added to'thie &8es tirserdEny &rsralFtved Tels ! the ASawilbbeufillersted dbysthesgaskilled in
the art, if the sample contains fragments of nucleic acid that are complementary to the capture probes,
they will bin.dt8FdBagttite pribedbyiherpiocedrsormyItiztofmndiis tedynbedetEridy, by
laiown techniques. ﬂnce,the nucleic acid fragments are electrically charged, this hybridization can be
enhanced by%l}%\é}@ ﬁ%ﬂ?gggﬁ%éTXFélé%?%/vﬂf Atractioa diFsimrse efcbetie traghaengd owaids the
attachment sup n%gisa?d th%]gna&%ugelppro es. The mechanism_by which this may be done in shown in

FEe o0 A B SR AR R S pEa 1o RS ihameL patativaer

Fig:3.  In particular, as shownin
underlying a Ilaﬁ en hecau Al%97 i% dielectric.material charge separation will ()caur wifbin the
1J203 the pofl;aiity %f 'h%%qwiﬁ%gsplen o%g%ﬁéqgglasﬁ%]% o?sth%rvo?%ﬁ%ﬁgpf)%%efﬁ‘gth@%‘] RintiFFelectrode
beneath the Al203-As shewn.omdhedsftof Fig 3. it.apositive potential is applied ta the aluminum
electrode, then ae upper surf%ce of the Al203 Wﬁl also%aée,agef)()lgit%ejm[)egt njl%g ic%hla\l/?/%{] attract

negatively chargeshfragmenis.RBdan shpasitively shatged Tasmentsconyersely, if a negative
potential is applied, to the aluminum electrode, then the upper surfaé% of%l%e %\I 3 vﬁﬁegﬁs%n#ave a
negative pot@stiadidrickcmapet attact -posit rely charged fragments, arid repel negatively charged.
fragments as shown in the right-hand side of Fig.3. Thus selectively applying an electrical potential to

the aluminum electfouesithayarefdinecthyunricerheatfoanet|n gireatconiaet with)the:A 203 attachment

surface enables the selective atLractiomrepelling of nucleic acid fragments and thus enables
electrically-irthatedstybridizatiomatistioutiberanterstddy thattithe(Tigtefljakcamberapptce: ik many
different ways. The %Jotential could for example be a constant continuous potential, may be smoothly

varying, or n&PBEpHEed@itheritinéy thar sorses e Bhyesiied:pattefiickness of between
50-500nm with regions of Al,O; being formed between the aluminum regions that are formed
on the silicon dioxide substrate. A passivation layer of (for example) SisNy is then deposited
(Fig.4(g)) on the AL,O; by means of plasma enhanced chemical vapor deposition- or similar
techniques. The passivation layer is then patterned with a photoresist (Fig.4(h)) and the
passivation layer is then etched (Fig.4(3)) to open up the ALOs areas that are to become the
attachment surfaces of the reaction cell. Finally the photoresist is removed (Fig.4(j)).
The result of this fabrication process is the multi-layer stracture of Fig.1. Regions of
aluminum are formed on the insulating layer of silicon dioxide and these aluminum regions
are separated by ALOs. Formed on top of the layer of aluminum and Al,Os is a layer that

cormprises regions of Al,O3 located above the regions of aluminum and separated from each



A paiitieular advantage of the present invention, at least in its preferre.:d forms, in contrast with. the
prior art is that undesired electrochemical reactions anchor electrolysis can be completely avoided
since there is no electron transfer between the sample solution and the surface of the dielectric layer.
The nucleic acid fragments can thus be electrically drawn, the attachment-surface without
electrochenfigdl dsg the atenv Al forthercifap Sitaht wHirdntayeroftiite field-assiste dohybiidizdtion method
and apparatus of the present invention, at least in preferred folais, is that the salt concentration and pH
value of the SEFpIEIfIFAB BelehiTgedaiThdse arare mars dnisiartaetots heffaeicindethe
hybridization efficiency and the stability of the hybridized nucleic acid fragments. Prior art
electrically-2<<Ra & Kyridiz atish BB iGHEacRE 2O SsifdaEaNajePRcsesndapieentration i.ird

the pH due to electrochemical reactions and other techniques, such as special buffer solutions, are

required in order t6' &thPEREEE AT TR AHETY RARMEF VAR AGe obthe Braskrest/&iion is that
no electrochencical reactjons will occur and in turn this wjll mean that th.e solutions/reagents involved
in the detectlﬁoﬁepcr%{%:s:]sé“ vl%/iﬁaﬁ%t Bgﬁéﬁﬁé@égrhwéfpé %il%dgri%xﬁﬂ& @%@ﬂﬁ?ﬁﬁ%‘aﬁ&@%ﬂé@bitaﬂon
during the degtection-process, which is.important in improving the.quality of the detected signal. It
should also eg%'%géﬁ%bfow ﬁ%la\ﬁﬁ W {l]e preferréd embodimen c‘)eﬁ#élgp%%sc%%gﬁn%n al((%%ﬁog‘?éﬂg?éscribed. in

the context Qfsé%%%k%@é%mﬂ%%ﬂ%ﬁk&%ﬁ%ﬁ&&&m of ?@%%&g%ii%%%ggﬁtsd the invention is more

generally applicable to any biological process that involves electrica rgedré%ﬁﬁgés and where it is

desired to be able tp control themovementof such slectrically-charaed:enfities by, tiagting or

repelling such entities to or from a surface.  Figs.5 to 7 show a number of erterimental results using
the structuresefdrigsslolemith-and withew an pleciicalaateniial apphh@@i%?ﬂ%@*b@ﬂ%%%'eamd es
beneath the cells. It will of course be understood that in all of these examplec the reaction tithes,
applied voltagéssantbbthempanantetess arevpurelysexamptatyrand, thaydoeyarog-astesited.

Figs.5(a) and (b) show a control in which in neither case is an elect-Mal potential applied to the
aluminum eledtrode Sandothésefenhthies hbridization prooseds wiithdiffetacttipabasgistancéeln this
Example the target oli.E.,,omers in the sample are synthetic {i.-actin (91 bases, pure) and the
hybridizatiofapiiecigrgdaninuios. Tkt agé tioliyomier shar eusregaml mthiarsain flegofdaig B(dand not
present in the samplc. of Fig.5(b). In neither Fig.5(a) or 5(b) is an electrical potential applied to th
alurnirun, elEEHIASLBURMESESNS 8 dfeliNFaarker 1n Mg St owingsthe proeseafice of the
target oligomers .in the ample of Fig.5(a). . inFjgs,6(a) and (b) the conditions are the same as in
F9.5(a) and (T3 ACHER e TR GG TGEREAT 818 PrOVIGR AR E diplo o Rt &) Ehd no
target cliomgﬁs re Qéﬁé/ided in the sample of Fig.6(b). In this example, however, a potential of 10V is
applied to the aluminum electrodes and the hybridization time is reduced to 10 minutes, A comparison

of | 95-5(a) and 6(a) shews {hatindie i) e calls arsmushaarker dearlylustialing gyep though

the hybridization time has been substaritially reduced, demonstrating the effectiven the applied

voltage in acgelerating the: hybridization.The similarinshetwesn Figs5(b)Ang 6() whergng target
oligomers are present shows that the applied voltage does not lea.d to any false positive results.
probes by the process of hybridization and this may be detected by known techniques. Since
the nucleic acid fragments are electrically charged, this hybridization can be enhanced by
providing an electrical field that will attract desired nucleic acid fragments towards the
attachment surface and the capture probes. The mechanism by which this may be done is
shown in Fig:3.
In particular, as shown in Fig.3, if a potential is applied to the aluminum electrode

underlying a cell, then because Al,O; is a dielectric material charge separation will occur

within the Al,O; the polarity of which will depend on the polarity of the voltage applied to




Fig.7(a)-(c) illustrate a. thud example 12,11: which the target oligorders in the sample are avariarl
influenza virus (ATV) F.1.5 subtype (250 bases mixed with other non-specific lige s). In all, three cases
c) the hybridization time is 10 minutes. The differences between Figs.7(a)-(c) are as follows: In
Fig.7(a) target oligornen are present in the sample and an electrical potential. of +10V is applied to the
aluminum elBetrbBeE BEneatH e st briglzs) Hostahgarmongdhteleiaré Bieserifin mesigample and
an electrical potential of +10V is applied to the aluminum electrodes beneath the cells; and in
Fig,-..7(c) tétefevétigemsricdris ﬁ%é%@%h@%ﬁﬂﬂe%ﬁ% 5 srnstrsafgse intisl fsdppdddecthe
aluminum -legtrodes beneath the cells, Again this example showa that with a hybridization e of only 10

minutes, the'ABphcAAGH 6t ROy BEEHAMO e 2o drsus s e frhdEamaiitisd AYbIress 7ation
and strong signal (very dark areas in the cells of Fig.7(a)), in comparison the simjlarity in appearance
between FigDsg.lsf )e](%%‘%ﬁﬁé%%?%%.aﬂmlﬁr%%ﬁligc? po Yﬁly%tﬁ?ﬁ.sf(lé) Risrgat MUt applied
potential) shows that it is not possibl lo tai ective hybridization in the same time period (10
minutes) Wit?%?ﬁoe %&hﬁ%@eggg%t%%y Or? |§é%1§§3 Wlﬁﬁﬁ%glé?gggne a:[}g% |8F161§He§vtéﬁ$1 %8” %plied

forms provic;_%sa@t ;i 5@@%@&@9@@&%&%@%% 80y qjge%g;i?cgl #%%%-%gsisgegs QX% id\i}ggglo& andlor

other biological processes to proceed at a much faster rate wit peﬁgrrrﬁance hat can be applied

to a large nymber,of nessible-applieations.hhe presertinventon smploys he prnciple of .,

charge-separation in a dielectric material that is in’contact with an electrode to which a potential, is

applied. In theembedimentsidessribed abavedhe elastodais Aluminum and.thedielectrie material is

24.1,03, but other combinations of metal electrode and d electic attachment surface are also possible.
For ex plc, Si3BjcFagRb serythe usettasmoxidiibases diefratriccmateralsder the attachmentsurface.
incontrast with the prior t devices that use a permeation layer, the oxide based dielectric layer in. direct
contact withethetrleltyroip prodtidesiaastn dtuie thibb isuralusboddmpiaety ahetiaicatty o esp iedards most
of the acids, alkalis and other reagents commonly used in biological reactions. The structure i.s also
stable with ragryds fisrambientsathsrssersialas winseratarepin tehunvititynandrisdesssveiimaiable to
physical. damage. The production costs are lower and. the device can be manufactured very easily
using stand&ty despssiteiie FRTEGe 8 ake oth aTutafer Géedtrsiic sorabicalen techmigiedetieieed the
use of such microelectronics deposition and fabrication techniques in the manufacture of the devices
of th.e presé’ﬁ?ﬁ%ention also has the advantage that the devices can readily be incorporated into other

devices made using the same or similar t-chnoiogy. MCSLLP .
e particular advantage 0% & prege){;t mvenfon, at least in its preferred forms, in

contrast with the prior art is that undesired electrochemical reactions and/or electrolysis can
be completely avoided since there is no electron transfer between the sample solution and the
surface of the dielectric layer. The mucleic acid fragments can thus be electrically drawn to
the attachment surface without electrochemical degradation. A further important advantage of
the field-assisted hybridization method and apparatus of the present invention, at least in
preferred forms, is that the salt concentration and pH value of the sample will not be changed.
These parameters are crucial factors inflnencing the hybridization efficiency and the stability
of the hybridized mucleic acid fragments, Prior art elecirically-assisted hybridization
techmiques lead to signmificant changes in the salt concentration and the pH due fo
electrochemical reactions and other techniques, such as special buffer solutions, are required

mn order to compensate for these effects. A further advantage of the present invention is that




CLAIMS Apparatus for detecting target nucleic acid in a sample, comprising a substrate formed with at
least one reaction cell, wherein said reaction cell comprises a dielectric attachment layer formed of a
dielectric material defining an attachment surface for the 5 attachment of nucleic acid capture probes,
and wherein a metal electrode is provided in direct contact with said dielectric attachment layer,
wherein sailCofEIEE FecatEe FpRHERYEY iecevets0Thiitthiek stiémesatihppiyirglaioesotiedt potential to
said metal electrode causes a charge separation in said dielectric attachment layer without generating
a flow of eldBHifevedieedretsstismgracmsiailbrel dcudnsbetwEanesaidl hyar) Dbl osartisre in said
reaction cell. Apparatus as claimed in claim 1 wherein said electrode is in contact with a side of said

dielectric mARd A PSH LS H ORI AR TP S A S R P BPR TS S R IRTE A B herein

id dielectri rial is an oxide.
said delectc maferia) i, an gride

It should also be uﬁders‘cood that while preferred embodiments of the present
mvention are described in the context of accelerated hybridization in the detection of nucleic
acid fragments, the invention is more generally applicable to amy biological process that
involves electrically-charged entities and where it is desired to be able to control the
movement of such electrically-charged entities by attracting or repelling such entities to or
from a surface.

Figs.5 to 7 show a number of experimental results using the structure of Figs.1 to 3
with and without an electrical potential applied to the aluminum electrodes beneath the cells.
It will of course be understood that in all of these examples the reaction times, applied
voltages and other parameters are purety exemplary and may be varied as desired.

Figs.5(a) and (b) show a control in which in neither case is an electrical potential
applied to the aluminum electrodes and therefore the hybridization proceeds without
electrical assistance. In this Example the target oligomers in the sample are synthetic p-actin
(91 bases, pure) and the hybridization time is 90 minutes. The target oligomers are present in
the sample of Fig.5(a) and not present in the sample of Fig.5(b). In neither Fig.5(a) or 5(b) is
an electrical potential applied to the aluminum electrode, but the cells are clearly darker in
Fig.5(a) than 5(b) owing to the presence of the target oligomers in the sample of Fig.5(z2).

In Figs.6(a) and (b) the conditions are the same as in Fig.5(a) and (b) in that the same
target oligomers are provided in the sample of Fig.6(a) and no target oligomers are provided
m the sample of Fig.6(b). In this example, however, a potential of +10V is applied to the

aluminum electrodes and the hybridization time is reduced to 10 minutes. A comparison of



Apparatus as claimed in claim 3 wherein said dielectric material is selected from the group consisting
of Al203, Si02 and Ta205 Apparatus as claimed in claim | wherein said electrode is formed of
aluminum. Apparatus as claimed in claim 1 wherein said dielectric material comprises Al203 and said
electrode is formed of aluminum. Apparatus as claimed in claim 1 comprising a multilayer structure
comprising SHrtBEEE Hperharsetohdrifsufitih G ISRl iarniaacs ek slssdvdjerraiad e rayer formed
on said insulating layer and comprising patterned co.r%g%ctive regions defining at least one metal

electrode, anQ & Fotth PRYHEEPIHSIT SETR AL P B UGS ER M TRERS fha SHFdnsRPEach said
metal electrg%ajtgmin Sﬁ{'d thiligl Igyer i%)_ﬁ%\égred bey %re%?an. c%. i éec%ig ma:[erial in said fourth layer.
8.Apparatus aS RIS 1RGSR 7 TRELHE FATtATAE Bondt St Ty BHE sFedf it er are
separated bé/(gf%&%rr]g 1;{8 Eanrggeeg cﬂg%ig.leergtg;ir% I:r)?gste%cﬁig:lxbws that the applied voltage does not lead to any

false positive results.

Fig.7(a)-(c) illustrate a third example in which the target oligomers in the sample are
avarian influenza virus (AIV) HS subtype (250 bases mixed with other non-specific
oligomers). In all three cases (a)-(c) the hybridization time is 10 minutes. The differences
between Figs.7(a)-(c) are as follows: In Fig.7(a) target oligomers are present in the sample
and an electrical potential of +10V is applied to the aluminum electrodes beneath the cells; In
Fig.7(b) no target oligomers are present in the sample and an electrical potential of +10V is
applied to the aluminum electrodes beneath the cells; and in Fig.7(c) target oligomers are
present in the sample but no electrical potential is applied to the aluminum electrodes beneath
the cells. Again this example shows that with a hybridization tithe of only 10 minutes, the
application of a +10V potential fo the electrode results in accelerated hybridization and strong
signal (very dark areas in the cells of Fig.7(a)). In comparison the similarity in appearance
between Figs.7(b) (without target and with applied potential) and Fig.7(c) (with target but
without applied potential) shows that it is not possible to obtain effective hybridization in the
same time period (10 minutes) without electrically assisted hybridization.

The present invention at least in its applied forms provides a simple low-cost device
that allows nucleic acid field-assisted hybridization and/or other biological processes to
proceed at a much faster rate with high performance that can be applied to a large number of
possible applications. The present invention employs the principle of charge-separation in a
dielectric material that is in contact with an electrode to which a potential is applied. In the

embodiments described above the electrode is aluminum and the dielectric material 1s AlOs,

10



MC St L.P 9Apparatus as claimed in claim 7 wherein said regions of dielectric material in sa.id fourth
layer are separated by regions of a passivation material. 10. Apparatus as claimed in claim 9 wherein
said regions of passiva.tion material extend 5over the edges of said regions of dielectric material to
define said reaction cells. 11. Apparatus as claimed in claim 1 wherein said sample comprises
biological subl¥tafies somdmaisaratues forehstenstiriy dafifdedis i reametaniidnaacsdmplesstomprising a
substrate 10 formed with at least one reaction cell, wherein said reaction cell comprises a surface

formed of a HREIEEHP hattrial wheren e et elstdobese pravieomatenide feoimatwhmesaid

dielectric materijal, and wherein said dielectric material is over 50 nm thick such that applying an
electrical pof;é‘ﬁ??éilato said metal electrode can cause a charge separation in said dielectric material

without generating a flow of electric current or 15causing transfer of electrons between said electrode
and a sample in COPP[&FC?PW the prior art devices thal use a permeation layer, the oxide based

dielectric layer in direct comtact with the electrode provides a structure that is robust,
compact, chemically inert towards most of the acids, alkalis and other reagents commonly
used in biological reactions. The structure is also stable with regards to ambient factors such
as temperature and humidity and is less vulnerable to physical damage. The production costs
are lower and the device caﬁ be manufactured very easily using standard deposition
techniques and other microelectronics fabrication techniques. Indeed the use of such
microelectronics deposition and fabrication techniques in the manufacture of the devices of
the present invention also has the advantage that the devices can readily be incorporated into

other devices made using the same or similar technology.

11



dielectric material. 13. A method of forming an array of reaction cells for performing biological analysis,
comprising the steps of patterning metal electrodes on an insulating substrate, 20 depositing regions
of dielectric material on said metal electrodes, and forming a rim around the edges o@ilgqqéegpsurfaces
of said regions of dielectric material so as to define said reaction cells, wherein said [éctric material
is over 50 nm thick such that applying an electrical potential to said metal electrodes can cause a
charge separ%tt%ﬁlssaid dielectric material without generating a flow of electric current or causing
transfer 250f electrons between said electrodes and a sample in said reaction cells. 14. A method as
claimed in claim 13 copprisEptesiesitiadretapesof rradancrsamnlss afatin sadaebstotvdrimyd desired

pattern of said metalayeswithse ploteresist and remrvingihesamaindar ebspidanataliayerdy an
etching process, de%?}%gm% a Iﬁ er fglf ]%%83 id di eIC(=f\ctr|c mat?g aver said patterned meégl whereby

. . € dielecfric material detining an attachment surface.
said dielectric material covers said palt erned metal an occuples the Aréad befveth &4 f)g}?erned

electrodes, depositiritesipasgivanondmyeibsatuaic dbserof diseoricmatelialr pitiennyidaddn

passivation layer with;adpheteiasishipRdramering said RasavRtoNHAYE! APRER SAIddIRIRGIHC
material where it covers said met elect{]?ﬁ(iiéest define r?action said cells. SLLP 15. A method of

performing field-assi$&d By SYidizatiominRe st Bn2BrMUSIAR SEUsHyRMEHIth g saihprste!
comprising the steps:bfprdvidingea reattioe celbhawingia kyerdokened oftadtietecttiymatétialtdefining

an attachment surfage, Rraviding.a metatglectiods i ditsrk centagt with saiddislestric.aitaghment

layer, attaching nucleic acid capture probes to said dielectric attachment layer, adding the sample to
said reattlon cell, arfi oMy Ancideeariéa pdtential to said metal electrode causing charge
separation in said dielectric attachment layer but without generating a flow of electric current or

causing trans}‘fr of eﬁﬁ%‘r—){{?&s Q?Mﬁ&@dsﬁiglgﬂ}{qf\%Qeqem%ﬁ@@? clgode is in contact with a side of said

dielectric material opposite from said attachment surface.
15 3. Apparatus as claimed in claim 1 wherein said dielectric material is an oxide.

4. Apparatus as claimed in claim 3 wherein said dielectric material is selected from the

group consisting of ALO;, SiO, and Ta,0s,
20 s Apparatus as claimed in claim 1 wherein said electrode is formed of aluminum.

6. Apparatus as claimed in claim 1 wherein said dielectric material comprises Al,O3 and

said electrode is formed of aluminum.

25 7. Apparatus as claimed in claim 1 comprising a multilayer structure comprising a first
base layer, a second insulating layer formed on said base layer, a third layer formed on
said insulating layer and comprising patterned conductive regions defining at least one
metal electrode, and a fourth layer comprising at least one region of dielectric material,
wherein each said metal electrode in said third layer is covered by a region of dielectric

30 material in said fourth layer.

8. Apparatus as claimed in claim 7 wherein the patterned conductive regions of said third

layer are separated by regions formed of dielectric material.

12



A method as claimed in claim 15 wherein said electrode is provided in contact with a surface of said
layer opposite from said attachment surface. A method as claimed in claim 15 wherein said electrical
potential is a continuously applied potential. A method as claimed in claim 15 wherédinsddid electrical
potential is applied as a series of pulses. A method as claimed in claim 15 wherein said sample
comprises biological substances. A method of attracting or repelling electrically-charged entities to or

from a surfacg of a rgggtian, cell when performing %@%‘8%5@ |

2 easiion somprisnahesiepsiof
providing a layer formed of a dielectric material defining said surface, and generating an electrical field

by inducing charge-<ejy&tatich aie sshardrdiBeaseinayef Botwith Baiserhting a flow of electric current or
causing transfer of electrons between said dielectric layer and the sample. A method as claimed in
claim 20 wherein charge-separation in, said, dielectric layer.is 30induced by placing an electrode in

direct contact](\j?/ith sg} e %Sc?rslccf%%erddﬁdp lg%l?/ir\vgh earleb%tggﬁftiéelgfg)nssa?dte %ﬁsé%\%)] o eﬂﬁ Y Tﬁlécg as

claimed iA claim 21 Wrreibiredeepntisnibirsipptehtislostappiitbte didintseidogestion cells,

11. Apparatus as claimed in claim 1 wherein said sample comprises biological substances.
12. Apparatus for detecting target biological material in a sample, comprising a substrate
10 formed with at least one reaction cell, wherein said reaction cell comprises a surface

formed of a dielectric material, wherein a metal electrode is provided in direct contact
with said dielectric material, and wherein said dielectric material is over 50 nm thick
such that applying an electrical potential to said metal electrode can cause a charge
separation in said dielectric material without generating a flow of electric current or
15 causing transfer of electrons between said electrode and a sample in contact with said

dielectric material.

13. A method of forming an array of reaction cells for performing biological analysis,
comprising the steps of patterning metal electrodes on an insulating substrate,

20 depositing regions of dielectric material on said metal electrodes, and forming a rim
around the edges of upper surfaces of said regions of dielectric material so as to define

said reaction cells, wherein said dielectric material is over 50 nm thick such that

applying an electrical potential to said metal electrodes can cause a charge separation in

said dielectric material without generating a flow of electric current or causing transfer

25 of electrons between said electrodes and a sample in said reaction cells.

14, A method as claimed in claim 13 comprising depositing a layer of metal on an
insulating surface, covering a desired pattern of said metal layer with a photoresist and
removing the remainder of said metal layer by an etching process, depositing a layer of

30 said dielectric material over said patterned metal whereby said dielectric material covers
said patterned metal and occupies the areas between said patterned electrodes,
depositing a passivation layer over said layer of dielectric material, pattering said
passivation layer with a photoresist and removing said passivation layer to open said

dielectric material where it covers said metal electrodes to define reaction said cells.

13



MOSELP 23. A method as claimed in claim 21 wherein a pulsed potential is applied to said electrode.
24. A method as claimed in claim 21 wherein said electrode is placed in contact with a surface of the
dielectric layer opposite from the surface to which the charged entities are to be attracted to or repelled
from. 25. A method of accelerating a detection process for biological molecules peffermegsin a
reaction cell, comprising the steps of providing a layer formed of a dielectric material 10 defining an
attachment surface of said reaction cell, and generating an electrical field by inducing
charge-separation in said dielectric material but without generating a flow of electric current or causing

transfer of elettrons Hetribed ehrsdmniegifskiersisind hdilEmwiedn isidsireiopromedisin Midvhich the

biological moleculestregidefchbaGAnpethashasiciaiaed jh ﬁl@m%wb}%&ﬂ&ﬂ@dm%@%%ﬂ@@ nucleic

r iS in contact W|th a side of
aCId m0|eCUIeS 27 Afmethoq\as(f'l Imel(()j H’l]a erlél?&? Whez%"li ac meelnetcguor aecesprogl mng a met a

said dielectric layer opposﬂe from said attachment surt
5 electrode in direct contact with said dleiec‘mc attachment layer, attaching nucleic acid
capture probes to said dielectric attachment layer, adding the sample to said reaction
cell, and providing an electrical potential to said metal electrode causing charge
separation in said dielectric attachment layer but without generating a flow of electric
current or causing transfer of electrons between said layer and the sample.
10

16. A method as claimed in claim 15 wherein said electrode is provided in contact with a

surface of said layer opposite from said attachment surface.

17. A method as claimed in claim 15 wherein said electrical potential is a continuously

15 applied potential.

18. A method as claimed in claim 15 wherein said electrical potential is applied as a series

of pulses.
20 19, A method as claimed in claim 15 wherein said sample comprises biological substances.

20, A method of attracting or repelling electrically-charged entities to or from a surface of a
reaction cell when performing a biological reaction, comprising the steps of providing a
layer formed of a dielectric material defining said surface, and generating an electrical

25 field by inducing charge-separation in said dielectric layer but without generating a flow
of electric current or causing transfer of electrons between said dielectric layer and the

sample.

21, A method as claimed in claim 20 wherein charge-separation in said dielectric layer is
30 induced by placing an electrode in direct contact with said dielectric layer and applying

a potential to said electrode.

22. A method as claimed in claim 21 wherein a continuous potential is applied to said

electrode.
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2028.A method as claimed in claim 15 wherein dielectric material is an oxide. 29.A method as claimed
in claim 28 wherein said dielectric material is selected from the group consisting of Al203, SiO2 and
Ta205. 2530.A method as claimed in claim 15 wherein said electrode is formed o@@wg"num. A
method as claimed in claim 15 wherein said dielectric material comprises Al203 and’s i electrode is
formed of aluminum. 3032.A method as claimed in claim 15 wherein said layer impermeable to
molecules in the sample. 33.A method as claimed in claim 20 wherein said layer is impermeable to

ingredients in a sample containing the electrically charged entities.
23. A method as claimed in claim 21 wherein a pulsed potential is applied to said electrode.

24. A method as claimed in claim 21 wherein said electrode is placed in contact with a
S surface of the dielectric layer opposite from the surface to which the charged entities are

to be attracted to or repelled from.

25. A method of accelerating a detection process for biological molecules performed in a
reaction cell, comprising the steps of providing a layer formed of a dielectric material

10 defining an attachment surface of said reaction cell, and generating an electrical field by
inducing charge-separation in said dielectric material but without generating a flow of

electric current or causing transfer of electrons between said dielectric layer and the

biological molecules or medium in which the biological molecules reside.
15 26 A method as claimed in claim 25 wherein the molecules are nucleic acid molecules.

27. A method as claimed in claim 15 wherein said electrode is in contact with a side of said

dielectric layer opposite from said attachment surface.
20 28. A method as claimed in claim 15 wherein dielectric material is an oxide.

29. A method as claimed in claim 28 wherein said dielectric material is selected from the

group consisting of Al,Os, SiO, and Ta,0s.
25 30. A method as claimed in claim 15 wherein said electrode is formed of aluminum.

31. A method as claimed in claim 15 wherein said dielectric material comprises Al,O5 and

said electrode is formed of aluminum.

30 32. A method as claimed in claim 15 wherein said layer is impermeable to molecules in the
sample.
33. A method as claimed in claim 20 wherein said layer is impermeable to ingredients in a

sample containing the electrically charged entities.

15



34.A method as claimed in claim 25 wherein said layer is impermeable non-porous to ingredients in a
sample containing the biological molecules.

MCSLLP

34. A method as claimed in claim 25 wherein said layer is impermeable non-porous to

ingredients in a sample containing the biological molecules.
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