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(57) Abstract

Double stranded nucleic acid is denatured by subjecting a solution thereof to a voltage applied between electrodes spaced by no more
than 1.5 mm in a time not previously achievable in electrochemical denaturation. PCR is practised isothermally by periodic application of
voltage to produce denaturation. Electrochemical cells and kits for use in the process are provided.
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extended periods of ten minutes or more or use an alkaline pH
of 11 or higher. Other methods include the use of helicase
enzymes such as Rep protein of E.coli that can catalyse the

20 -unwinding of the DNA in an unknown way, or binding proteins
such as 32-protein of E.coli phage T4 that act to stabilise
the single-strandeci form of DNA. The denatured single
stranded DNA produced by the known processes of heat or alkali
treatment is used commonly for hybridisation studies or is

25 subjected to amplification cycles.

Such separation is a prerequisite of a number of
protocols involving the in wvitroc manipulation of nucleic
acids, one example of which is a reaction that produces
multiple copies of target sequences of DNA and which employs

30 a heat-stable polymerase enzyme (US Patent No. 4683202, K.B.
Mullis et al). This development, 'known as the polymerase
chain reaction (PCR), is of significant commercial importance
and strand separation is normally effected by heating the
sample to approximately 95°C. The removal of the need to heat

35 the sample would provide a number of benefits. For example,
it allows the design of compact and readily controllable
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of electrical denaturation described in W092/04470, single
strands accumulate in solution and their utility and integrity
is confirmed by subsequently performing PCR. '

20 In WO92/04470 electrical denaturation of DNA was carried
out using an electrode comprising a central rod of glassy
carbon encased in a teflon sleeve except at its end. The

-working electrode was of platinum mesh lying against the
teflon sleeve. A calomel reference electrode was used,

25 situated in a side chamber which was connected to the main
cell by a capillary tube (see Stanley C.J. et al, J. Immunol.
Meth. [1988], 112, 153-161). Using this apparatus the most
rapid denaturation was achieved in 15 minutes with the working
electrode at a potential of -1V with respect to the reference.

30 The presence of NaCl in the reaction delayed denaturation.

In W092/04470, a PCR reaction is conducted in which there
are repeated denaturation operations conducted using the
electro-chemical cell described with intervening amplification

. stages. The denaturation stages are each conducted for a

35 period of five minutes or longer and the total time for the

PCR reaction is therefore very extended. Furﬁhermore, the
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Accordingly, the present invention provides a process for
denaturing double-stranded nucleic acid which comprises
subjecting a solution containing said nucleic acid to a
voltage applied between electrodes under conditions such as

20 to convert at least a portion of ‘said nucleic acid to a wholly
or partially single-stranded form in the solution, wherein
said electrodes approach to within 1.5 mm of one another in
said solution. Preferably, the elec:-odes approach more
closely, e.g. within 1 mm or more preferably 0.5 mm of one

25 another. Ideally, the electrodes are adjusted to be spaced
by as little as possible whilst ensuring that they do not
contact one another to produce a short circuit.

. It is preferred to apply a voltage difference of from 0.5
to 3 volts between the electrodes. Voltage differences above

30 3 volts seem to inhibit denaturation although the mechanism
involved here is presently unknown.

Preferably; the process is conducted at a voltage of 1.5

to 2.5 volts measured as a voltage difference between the
electrodes.

35 Preferably, where the elect;odes most closely approach
one another, one or both of the electrodes is pointed. Such
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small e.g. 100 errL or less, e.g about 25 [err] err
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be practgcalet L@Bo@ttboeet6|£2§rpﬂe ' system The process

nmay be carrie Oﬁsa&e%ré*%'l nt te 98£)1646270, one may employ a promoter

compound such as methyl viologen to produce more rapid
denaturation. Other promot'ers are described in W093/15224,
.1.e. multivalent cations such as magnesium. Other multi-

20 valent cations which are effective and which can be used
include lanthanum (La3*). The cations used as the promoters
may include inorganic cations complexed with inorganic or
organic ligands, e.g. Pt(NH3)64+ and Cr(NH3)62"'.

The promoter may be any. inorganic or organic molecule

25 which increases the rate of extent of denaturation of the
double helix. It should be soluble in the chosen reaction
medium. It preferably does not affect or interfere with DNA
or other materials such as enzymes or oligonucleotide probes
which may be present in the solution. Alternatively, the

30 promoter may be immobilised to or included in material from
which the electrode is constructed.

The promoter may be a water-soluble compound of the
bipyridyl series, especially a vioclogen such as methyl-
viologen or a salt thereof. Whilst the mechanism of operation

35 of such promoters is presently not. known with certainty, it

' is believed that the positively charged viclogen molecules
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pH sonewhat bel ow neutral e.g. about pH 25 5.5 may be preferred. @ The
nucl eic acid may be dissolved in an aqueous solution containing a -
buf f er WhOSEnﬂéi’:’HE:& patweedi the negdtingly aharcre'dchueieri@:t acid surteriser e

th th t bl
Solution *cifnd cof SRRV Kk qazhade i ESRER Fasst Bstanic
e.g. about zépulbsiofipttheberween ahdicehenket it pegmevat bhe Bpprbachsalft s
h | P Ly,
ooet ron T OBRR! By ro HE Of168e 20dL0 SR ULLE. cnaPLERRERTCKY, [1R0g
proceduSes. i85at itsPsefengelsy .t heAetordingly onve pmedeg h-of emhdoy as
sol uti on. proh8$§Q%V80 poﬂyhsehgv1 g%EBaEQFg¥E51tLVﬁ%¥Ichaﬁ%gd centrﬁg

- 6- dénaturing process acco nvertion na
i ncor por at e€-gs @hﬂﬂ%ﬁﬂrPGShGhHéinmhﬁﬁgﬁéoﬁﬁW@?Wﬁ%%essB§e erablg ¢he

g¥°ﬁﬁgréfz sghEKQbeEQwee%h%heiﬁBﬂi@&é&lyaEHAQ ethéntrns Q@pbﬁﬁﬂyﬂﬁ‘ﬁ&
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qgui ckly than accsrdln t he teachlngs of W92/04470 and ven t he
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40 ul. When using very small reaction volumes of this kind,
it will generally not be practical to use a three electrode
system.
The process may be carried out at ambient temperatures
20 or if desired at temperatures up to adjacent the pre-melting
temperature of the nucleic acid. The process may be carried
out at a pH of from 3 to 10, conveniently about 7. Genérally,
more rapid denaturation is obtained at lower pH. For some
purposes therefore a pH somewhat below neutral e.g. about pH
25 5.5 may be preferred. The nucleic acid may be dissolved in
an agqueous sclution contéining a buffer whose nature and ionic
strength are -such as not to interfere with the strand
separation process. | |
Preferably, the solution contains a buffer at a
30 concentration at least 10 mM, e.g. about 25 mM. Optionally,
the solution may contain further salts such as magnesium

chloride and sodium chloride. Preferably, the reaction is
conducted in a buffer of the kind used in PCR or in LCR
procedures.

35 Preferably therefore the ionic strength of the solution .

is above 20 mM, e.g. 25 to 50 mM.
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nucl ei ¢ aci dus® f Mx%g@h@pmm pimeecht L 8cRPWIPSSEdbPles to prgstine of
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of the nucleic acid to a wholly o partially single-stranded formin
the sol uti orvithin e]r%iﬁ ythan 3 rf‘h@-“('eﬂa%c?rSdefce’i‘H LgtPafi BRIYESS iOF d@EF a
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gr é?era[)lesescﬁﬁﬁ%e"i)m of ha\é’penté thlrfe{rj\ltﬁ'lttg Huﬁﬁgl’rmsﬂgﬁér WHerein the
nucleic ac:.d is denatured by a process as descr::.bed above in
which the voltage is applied as sequence of repeated pulses
having a duration of up to 2 minutes, preferably up to only
20 1 minute. Between pulses, the voltage may be turned off or
reversed for a period which is preferably equal to the period
. for which the voltage is applied. It is possible to employ
pulses of considerably higher frequencies than described
"above, e.g. from 1 to 100 Hz. Depending upon the purpose for
25 which the denaturation is 'being conducted, it may not be
necessary to achieve any substantial amount of conversion of
double-stranded to single-stranded nucleic acid in each
denaturation cycle. It may be sufficiently merely to initiate
denaturation electro-chemically. For instance,' in an
30 amplificatiom procedure, if sufficient denaturation occurs to
allow binding of a primer, the extension of the primer by
nuclease may be relied upon to displace the unprimed strand
of the original nucleic acid from its binding partner over the

remainder of the length of the nucleic acid.

35 Taking advantage of the increased rate of denaturation -

now obtainable, the invention provides a process of amplifying
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are conplenentary to
strands of a sample double-stranded nucleic acid in solution
under the influence of an electrical voltage applied to the
solution form an electrode: hybridising the separated strands
of the nucleic acid with at least one ocligonucleotide primer
20 that hybridises with at least one of the strands of the
denatured nucleic acid; synthesising an extension product of
the or each primer which is sufficiently complementary to the
respective strand of the nucleic acid to hybridise therewith;
‘and separating the or each extension product from the nucleic
25 acid strand with which it is hybridised to obtain the
extension product. '
In such a polymerase mediated 'replication procedure, e.g.
~a polymerase chain reaction procedure, it may not be necessary -
in all cases to carry out denaturation to the point of
30 producing wholly single-stranded molecules of nucleic acid.
It may be sufficient to produce a sufficient local and/or’
temporary weakening or separation of the double helix in the
primer hybridisation site to allow the primer to bind to its
target. Once the primer is in position on a first of the
35 target strands, rehybridisation of the target strands in the
primer region will be prevented and the other target strand



di fferent whleanehg;of the nucleic acid. The denat ur apcoGHIS 0GR AI N
the extension products as well 10 as the original denaturing of the target

nucleic acid is preferably carried out by applying to the solution of
t he nucl ei ¢ acid the voltage from tBe el ectrodes. The process
may be a standard or classical PCR process for anplifying at |east one

specific nucleic acid sequence 15 contained in a nucleic acid or a
m xture of nma{rebs pebgsesswewsrede'saleaeﬁ m»cleedrnsmicsh cof St 15 Soﬁ..émor

separate ngkg entary strands, .equal_ or_.une | engt
rocess compPYoBuEthaE  tRihoR kS iaidnit Ar Hed ¥tk iin SPIGSRRER O de
primers, 20 Ptefeeabﬁydlftheensasﬁecampdgﬁmmanmnntnnr@pa$$llﬁﬂrthev

under Cond'tEgﬂ rfggg é@?& Ef QQ?ﬁga b e%ﬁﬁ@?di%QQQQFSbove CXT%lgfgégeﬁ%lch

anplified an ex ensron
is conpl érrenfarymcveeabhnnwl syclaéhde . UD CostZrQarQr %@}&l\e%al dprihers

are sel ect edaaglﬁflhet?;wgbrocess St'bétﬁgie)‘ﬂ'd' Ll tﬁeegamét e epey!

strands of ea eclfi1c sequen suc xtens on produ
synt hesi sed FABKLB8Re Pit néﬁln@heﬁ’r’c?tbrém%‘ﬁar‘&‘tléﬂ f @K/ complemeprary to

conpl enent , 8§Ef§9éﬁ€ Q%rﬁnh@”%kakgef%hdiﬁﬂd“ﬁ%faCﬁ : the extension
product of the oth rimer separ r __extension
products from t'ﬁ e enaturagé%mgé@t@r}%?)@ne?:ﬁ S\Rﬁrg g’ﬁf“ﬁéﬁ Qadvedl
pL odulcelo das trfehngfﬁgShaanMarmmmg egfbytwa:)?tm:ggtt hmdl)éiﬁﬁgacfiﬁo”is
the electrode_to t reaction mxture: an treatin e ;

si ngl e- st ranaﬁagﬁﬁthl,Xl &8 aPd gyorﬁgglylng %ét etp}i? b?og]‘%ﬁcfzhé’fprti:?r%r S
of step (a) nudkeicoaditii ahe voltace fswaoh tiheatelequrodesextension product

I s synt hesi sed | hg
each of the S|ngle stpgﬁggsgr&5Xu§flr1sﬁ%ﬁgiﬁﬁ 85 clas¥ical PQR °r°¢€§s
Al t er nati vel §ort aepdddyuang aty beasnyoner |sa:etcncﬁ1¢ heucleicclamsisl cssemnce

standar g5 PCR-BLPS 884 G atABcRibaldAY or a mixture of nucleic acids
wherein each nucleic acid consists of two separate
complementary strands, of equal or unequal length, which
process comprises:
(a) treating the strands with two oligonucleotide primers,

20 for éaéh. different specific sequence being applied,
under conditions such that for each different sequence
being amplified an extension product of each primer is
synthesised which is complementary to each nucleic acid

_ strand, wherein said primers are selected so as to be

25 substantially complementary to different strands of each
specific sequence such that the extension product
synthesised from one primer, when it is separated from
its complement, can serve as a template for synthesis of
the extension product of the other primer;

30 (b) separating the primer extension products from the
templates on which they were synthesised to produce
single-stranded molecules by applying the voltage from
the electrode to the reaction mixture; and

(c) treating the single-stranded molecules generated from

35 - step (b) with the primers of step (a) under conditions

| such that a primer extension product . is synthesised
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5 "inverywobhssae{77"' i nverse” PCR process or the "anchored" PCRct/gB9s/BéfQgessS.
The invention therefore includes an anplification process as descri bed
Above in which a priner is hybridised to_.a circular nucleic acid and
is extended to forma dupl ex which 10 € denat ur ed by the denaturing

. process of the invention, the anplification process optionally being
repeat ed through one or nore additional cycles. The process
of the invention H§iagpkRechbPE thet$inglegaserands phadncedathiorep (b) as
Accordingly, the gnygpbh@Rei ncludes 15 a process for anplifying a target
nucl eic acid conprising the steps of: (aé provi di ng nucleic acid
of a sanple as si A4FEXEREANGAY. the procpgs| dlay abpdany vaxbant podvicheq

in the sanpl gl1abskeast beur sBHalakE aBLH 2Brocess Pr &P, WIS €idh_called
i) the _firgt_ and _second .said probes are prinary

probes, and t hBYERFRE aif¥ f OIRYEESR " sECR RTPeeSqr ©r the "anchored" PCR
secondary nuptketesaci d probes; ii) .the first probe is a single

strand capabl e of 25 . . hybrj di sing.,tq a first segpent of a primry
strand TR {veniion SRraRaHLBoLtAse 20 anplification prdasan

probe is ? saagldestribetl capabée iof which a pfiméiybiédirqjmdlicséz\i 5663@30
t . . t t t t i c acid;
T he 5 ChhcBiafhbieieie aaiforpdofiaRteRAsmEs Totn o durlek Shidn

of the 3@rgeisidepaturednby tbeadematuvitgeprocess of the Ammdhtdfod hahe
second segnegh Ld: BRI r ; : arget to enable
j oi ni ng of thepgigﬁgég%?ﬁ'BEEEeék %%@ﬁﬂﬁgH%Xfﬁe%ﬁ%bgLP%Q?ﬁé §g§ﬁﬁi§:qqﬁa
second probedr3Bere additionaheRyedfE8-probes are hybridised to said prinmary

L T TS 0 s S i i i
. ingly, the invention includes
15 a process for amplifying a target nucleic acid comprising the
steps of:
(a) providing nucleic acid of a éample as single-sttranded
nucleic acid;
(b) providing in the sample at least four nucleic acid
20 . probes, wherein:

i) the first and second said probes are primary
probes, and the third and fourth of said probes are
secondary nucleic acid probes;

ii) the first probe is a single strand capable of
25 hybridising to a first segment of a primary strand
of the target nucleic acid;

iii) the second probe is a single strand capable of
hybridising to a second segment of said primary
strand of the target nucleic acid; '

30 - iv) the 5' end of the first segment of said primary

- strand of the target is positioned relative to the

3’ end of the second segment of said primary strand

of the target to enable joining of the 3’ end of

the. first probe to the 5’ end of the second probe,

35 _ when said probes are pybridised to said primary
strand of said target nucleic acid;



first proled9s2sd77 iv) the fourth probe is capabl e oPChyERIs/ERENg

to the second probe; and 5 (c) repeatedly or

conti nuousl y: i) hybridising sgid probes with nucleic acid in
sai d sanpl e; ' ii) ligating hybridised probes to
form reorgani sed fused probe sequences; and 10 1)
denaturing DNA in said sa e hy applying a voltage _ . L from an
el ectrode confing%tioﬁn%gggé§aﬂﬂﬁﬁﬁghlghgapable of hybrigdgdmgorto the
m xt ure. Thef etectppoberni aad DNA anplification techni que can be
used anal ytically _to detect and, anal yse a_ ver Il s |le 15, of DNA e. g
a single copy geh® in g%eaﬁ?ﬁﬁrhCBFéﬁﬁ'%Fs?ﬁé?égg of %g%r SO cERr Fidgn
The ‘tenperature at whisécohd probessans carried out nay be chosen to

suit whichev e | e . q i s used as pol yner ase,
a terrpersgt urgé)of _ %&%ﬁir%glggéﬁgﬂg%%(%rred. I f Kl enow pol ynerase is
used, anbient tenperathyeridising| said qridleds ewith magledcdesiidabie $§9i4
enpl oy known protein g . fLabilisation techniques to avoid electrical

damage to the pol ynerase, especially where a nesophilic polynerase is
used. THE | nvbigabing ndivkrebdisedocprobesr tet efeimg tdmrPinised
presence or absence off@séme?ﬁ@éngggqeﬁggsgi Gafl d sequence in a
sanpl e whi ch conprises; denaturing_a“sa doubl e- st randed nucl ei c

| e
aci d bytYreans o1 vol@%@%t%%mgéﬁmol@%ﬁ sagphp| BY i 2pPhy iog 1 il tage

nmeans of el ectrodes faamea edectroddQssif Dedrabova; abydesEishod tHe he
denatured nucleic acid wth, n_ol i gonucl eoti de probe for the sequence;

30 a
and det ermi ni ng WTERHEr PR MR- Rybr i di sati on has occurred.
Thus, the invent étherebessrbeisenpphlcaizoransl DicatiofNAechn il icdirsatd on

Inere 5 SN SRR SR T RlE, ang ERHELED 5o BT it
whi ch disckl ®cdNA e.gamasingléescapyegems ein Tandahémalacefdcidr @ segnee
It Is cell of a bacterium. :

The temperature at which the process is carried out may
be chosen to suit whichever enzyme is used. Thus where Tag
is used as polymerase, a ‘temperature of 55 to 68°C is

20 preferred. If Klenow polymerase is used, ambient temperature
will be suitable. It may be desirable to employ known protein
stabilisation techniques to avoid electrical damage to the
polymerase, especially where a mesophilic polirmerase is used.

The invention includes a process for detecting the

25 presence or absence of a predetermined nucleic acid seguence
in a sample which comprises: denaturing a sample double-
stranded nucleic acid by means of a voltage applied to the
sample in a solution by means of electrodes spaced as
described above; hybridising the denatured nucleic acid with

30 an oligonucleotide probe for 't:_he sequence; and determining
whether the said hybridisation has occurred.

Thus, the invented process has application in DNA and RNA
hybridisation where a specific gene sequence is to be
identified e.g. specific to a particular organism or specific

35 to a particular hereditary disease of which sickle cell
anaemia is an example. To detect a specific sequence it J.S
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-11 - wo Jsikfly necessary to prepare a sanple of DNA, prepberaBoyoas
purified DNA, neans for which are known, which is in native

doubl e-stranded form It is then necessary to convert the

doubl e-stranded DNA to singl e-stranded f¥m before a 5 hybridisation step
with a | abell ed nucl eoti de probe which has -~ a conpl enentary sequence to
the DNA sanpl e can take pl ace. The denaturation process of the

invention cagibacusRtdd¥atito prepRePQSesafipBe ol ONEd pREBEEaBY Yy of
carrying out the _follow.ng Sfte’-ﬁé‘é?‘écqb - denatur%ng a.sanpl e of DNA
by applyi ng BUv6Ft&Fe DB, means fo DraLy KRRERt oWRIEBNFgdratidn s
delscri bed tOdbhble-strgndedS&lmjna DNPtWiifbh 150 Clg| m‘@d:éssmprodiﬁtehlvie&t tdhe
sol ution or . ound t r part of the structure of fhe ct r ode;

~ " hybri di sfiﬁbbﬁﬁés&é’ﬁ&ki&ged% vEoh SinclecEnyandss e%ozf% Beforg, 4

i ndirectby | agbkriddsattdbaostdp withea chaipt Ehedtrmugléatide probe whiech has
sequence of Lnt t. - t LaLN : ybhridi satio
has occurreé, c%'in?ﬁ.e’me%%ﬂriychse %%%gng{brg%%n%byﬁg?%@ldée@%{}i Eé’lk% hgﬁa{c@.
presence of The denatuhatpeniprocess phidhehdnvendiionccan padiged afest Itdu,s 20

fl uorescent e C ) ] q,fg,ﬁ? | @be : ;
enzyne- | abel ngggrglabgflngal gﬁ:@lér%%égt y %%e??eéégg%bgé out the fv?hlllcci'um'ng

carries biotB&eP§r exanple to which a | abelled avidin or avidin

type mojgcul e cangReaRowRdgl & €sample of DNAN By tAPHEMnENA PrEeDEagasaY, it
Is customary to 25 I bl i se the sanpl to .a nmenbrane syrfacé which

may be conpoB&ans Oheatr QFGSFrEQS?géngﬁt&Pnn??r gescritsse tortde
i mobi | i sation issasbilevakbywttir eptikinglast i anpremobyrbalti ngolutiohher
e O 1 B o 2 g 5" W ¥ e e feghed (0
bi nding to the nehpbzdidisingt then dematured IBNAedivhta dikebtlyndambelldd
i sadvabfages of  SHRBALEELRy Topelfed Mucl St fas AN RolfiBnencdify o
create single-strahdedegbence ofDilatemestausmdianage to t he. sanpl e DNA
Itself. - determining whether the hybridisation has occurred,
which determination may be by detecting the presence of
the probe, the probe being directly radio-labelled,
20 fluorescent labelled, chemiluminescent labelled or
enzyme-labelled or being an indirectly labelled probe
which carries biotin for example to which a labelled'
avidin or avidin type molecule can be bound later.
In a typical DNA probe assay it is customary to
25 immobilise the sample DNA to a membrane surface which may be
composed of neutral or charged nylon or nitrocellulose. The
immobilisai:ion is achieved by charge interactions or by baking
the membrane containing DNA in an oven. The sample DNA can
be heated to high temperature to ensure conversion to single-
30 stranded form before binding to the membrane or it can be
treated with alkali once on the membrane to ensure conversion
to the single-stranded £form.  The disadvantages of such
methods are:
- heatirig to high temperature to create single-stranded
35 DNA can cause damage to the.sample DNA itself.



-12- wd dspsiwse of alkali requires an additional ﬂ;QR;Bg%Oqz
neutralisation before hybridisation with the | abelled pr obe can
t ake pl ace. One i nproved nmethod for carrying out DNA probe 5
hybri di sati on assays is the so-called "s&dw ch" techni que where a
specific oligonucleotide is imobilised on a surface. The surface
havi ng the specific oligonucleotide thereon is then hybridised with a

sol ution containi gaet hasbar get ANGRID requfrss NG - Séd@ﬂ‘.j%io”% et els
whi ch a second | abel I ed 10 Q| I g nu | eot] de i.s .t hen added whi ch
hybri di ses to the® °FFf"e BYPr 28d sps ioRe M itds hE et d%@&id\ﬁn

unbound Iabebh:'e&eolcﬂagortu&lee@t]_a&e after which any | abel which has

becone bound to tﬁr %et 1.DNA cn %he S cefcan be detected |ater. 15-
This procedure can“be siMd¥i%d 'B?F ng Phe F&FRIMSg OUt PN3cepradie

t he i nvehti ohybridésatioa tiasajmjbie sheardedtdiNed "sahdwchhe ﬁe&%ﬂcﬁf&

Si ngI e-stran - o) co r-e ect rode
optional l'y aqggf%ncég g%g%xg;ﬁéoéjlde is p:'r%rflflé?léf %%ch ﬁ&%&% ed
into a test Fhef mf@cea lm‘ringZOthel spelichct rml:@dhmlmr.msayhes-eb@ hies

carried out. thlhenpbAs dised>ds h32081 8L LEANUELEALHIRPEAICY AN *bgg\ he

added and t he ta e ap enature t
si ngl e- ast Faﬁaéﬂ Bﬂﬂapﬁleﬁybfpmsedaﬁﬁﬁ t Weishecigf i §egongonlabedtliedt

i mobi | Leed ©m1§8ﬁu§MEBQ§ﬁeafltsertH!H Cigdd\e Cwﬁ%h”'é?%étl?}gﬁf:l.&?se%f t% the

sandwi ch assa% are carried out. All the above steps can
without a nebBBYESF P t eFBRr SUGLESSor SadeiReRoWashed gjo aFﬁ@PVer@é@mmd as @

in the convemabemiédprdl&%&ﬁmcleotlde, ThecéAVRHION AAY! UdSela'which has
el ect rochem g%ﬂ%el é for é'tf & & e dena}aur ation of nucl el c acid
conprising a h&% ‘?\r%?"ecp Pcd yERBnFHELAFE iGHerP8ufrsested
copstltutlnglatérrst el ectrode, and a second el ectrode dipping into
Preferably. the wortsi opshaute (B MO R Mt Ahd B 5189 BhecAegrtiring
constituti ngprﬂ‘éegecgﬁdtbeemvenle;omow detmaweré the 86ublbesseanded DNA
el ectrode mynds e XLRRAYLd YEnG2LLARSHAR P BNA. ﬁ{ea%rtkq.ng electrode,
counter-electrode and optionally a reference electrode ahd/or
a promoter can be incorporated into a test surface or a well
20 in which the DNA probe assay is to be carried out. The DNA
sample and oligonuclectide probes can then be added and the
voltage applied to denature the DNA. The resulting single-
stranded DNA is hybridised with the specific oligonucleotide
immobilised on the surface after which the remaining stages
25 of a sandwich assay are carried out. All the above steps can
take place without a need for high temperatures or addition
of alkali reagents as in the conventional process.
The invention includes an electrochemical cell for ‘use
in the denaturation of nucleic acid comprising a well having
30 ~an electrically conductive inner surface constituting a first
electrode, and a second electrode dipping into said well and
. reaching to close proximity to the floor of said well.
Preferably, the well is formed in a body of conductive
material constituting the second electrode. Both the well and
35 the second electrode may be of. conductive carbon such as
graphite.
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I nvention further includes a kit for use in a nucleic acid assay or
dnplification conprising an el ectrocheni cal cell of this kind and at

| east one of a nucleic acid for demd3ur ati on, an ol igonucleic acid,
one or nore nucleotides, 5 a polynerase, a |ligase and/or a buffer

sol uti on. The invention will be further described and illustrated

with reference to the DEEOTPISYY MG tHANING 1ML d £i1® €69SSse in a ﬁ%tleq%a'
vi ew t hrough a fi éﬁfor use in accordance with the I nventi on.
t

The cell ill &%t S8¥mL ¥ gT%?o‘Fﬂr‘P% FPBBFiFfENg an goREEFAC-FHemicadm

di amet er wel |cd?l obfi tehigppeindushdcast leas€orsid tofi BY mudlidid Qéﬁﬁt 'Fage.
A second el ec ter graphite rod_ 14 having

rode formed
a tapering en%E tur%%)f'??bna&G i ?)’F‘éggﬁﬁcl‘ﬁ?b h82&ePF F‘ﬁFSuﬁHcéﬁ"tldeS'
insul atirg 15 polymerasepl asligssensrd/at a8bufflee modutiocad) ust ed dovvn-

wards in the well woti 1n4,é%$£’51§”3w Sr@% £ELLRUL ggggnggéafﬁd +p1%u§5535ﬁ5y

back by as little as”possi he™"crrcui
for liquid forithereterence apprivie n%ﬂ:@d:t;rpanyanSdrawnpg whAiBB sl b.ageos%-

[0t he rod by Srearapl -y gy odhl BRF4sEER BOSLERIECH kichiRRE

el ectrode- sho’«%"#leFFP@ure 1is bl unt ended, it provides a sharp edge

betweenigs flat ergeardiiltsilius-tapeai %rﬁﬁf‘ﬁéé’éo'ﬂ C?i'a .’t"E a@ﬁockb‘n
optional alternative 25 configuration |sfor the rod % pened tloa

point. This SOntaiRingea,dh Bhef-BPerSthgveal oke PR oA4R ﬁ%m?ﬁll' §h§f9€ner
The reswdnmmmﬁgodefﬂw be ffddtirtiie sMoAt hetkdid r@l@c@f@é@ 96 ed

abr asi ve. such_a_poi ted el ectro e, the capacity for
the well is |€Yg? a3ef 8‘ ite ?)a RI plr\?"&”@c&s"eép%b@gd?—ﬁg

to the inventpartimy b6 is pmsed&dlnub &lhEJIWGJJBOIt&Irbugh &Q{)aiﬁéuiatlng

cont ai nifg @ o577 5 ULE thgﬁﬂso;na%%@ila‘i /e VERd W SJ.seaa(.: jl?srt(:)é/é So wrth
wards in the well until it forms a short circuit and is then
lifted back by as little as possible to open the circuit
again. The capacity for liquid for the cell is approximately
25 ul. A DC voltage is applied to the apparatus with the well

20 being made positive with respect to the rod by preferably 1.6
to 2.4 volts.

Although the rod electrode shown in Figure 1 is blunt
en_ded, it provides a sharp edge between its flat end and its
tapering frustoconical surface. An optional altemétive'

25 configuration is for the rod to be sharpened to a point. This
may be achieved by using a conventional pencil sharpener. The
-resulting electrode may be further smoothed using a blade or
abrasive. Using such a pointed electrode, the capacity for
liquid of the well is increased to 40 ul.

30 Multiple processes according to the invention may be
carried out simultaneously in apparatus contalnlng a |
multiplicity of sample receiving wells each provided with a
respective electrode pair, one electrode in each case
optionally being the well itself. 1In a preferred form for

35 such apparatus a block containing the wells has a liftable 1id
with electrodes depending therefrom into the wells. Each well _-



respecti veyad ggiqi9de pair, one electrode in each case ORI sloys. el NY
the well itself. In a preferred formfor 35 such apparatus a bl ock

containing.the wells has a liftable lid with el ectrodes depending
therefrominto the wells. Each well TeET )
-14- may have a pair of electrodes on the lid in various possible .
el ectrode conformations such as parallel rods, parallel pl at es,
optional |y ofmatedtavera queixt aif wleanrades noershe abad nin varbphs opessybok

mesh. Al ternagly i -rﬂ%ﬁ' S be. 5..pLovided the_ lid. for-
each wel | an?]f%%%?%ezkr%lgﬁtogjin%ﬁ\lg esrﬂ?:“'1 \%gl I ‘s’a‘rré?‘isg c’6§§ﬁ¢t iB@rﬁ%ﬁieﬁmy
serve as a c@wRhitseoptdonallyepécneshe. or Heaxtiadc hodflowetyd indersl, sagain

contain respesiiMhally SH %é&.de%fﬂ?ﬁiﬂﬁé(ﬂl single elece?gg%%grag%y}fgsr

conprise a flat plate ‘portion hearing el’ectTode or e
each wel I°> andPZOEERG stethackidgtor caghmadl pash thg bleskrceatainangcthens

and circuitrywafli€hmay beCbledict ive t Bage!n@s) r 8degenhan &h%otr*ﬁnoaé Sof&®

assenbl ed. A single ectrical supply to the unit may be split by said
circuitry an® SFRHI: | n'ﬂéecgﬁrf’f: I°ef3 rMey 2h&o1 Forfiain rpesrectiive
that each el esecqmieodes cfuy reddledvel g. to a constant vol tage or

thereby be repl acdifl tid #ag; BRBEELR, % biiht BORCE nBOTEH R0 DRAT e 19
and may e medectrodalicpedsdtrodi® funteaqordlin andl 4 hehackt & baekbeg
nportures auriky BbaPA0P AMiYeal SSARARCIORY PR R Nhiehy W
the wells, wHsmestso Upayhse ediespfoxuige when the twollpadts |aumé ras sxmdDe@s
nccordi ng tof RaigaY {ienicaFTRabatyScdCRhE, BT LTS L Sl TR e
W92/ 04470. Circultmpyym@ng 1 supplied in a . controlled manner to the
15 electrodes such that each electrode is controlled, e.g. to a
constant voltage or constant current. The plate portion'
carrying the electrode array may thereby be replaceable
without replacement of the control circuitry and may be made
disposable. The plate portion and the backing member may be
20 aligned with one another on assembly by locating pins and
apertures and may similarly by aligned with the block
containing the wells, which also may be disposable.
The following examples illustrate the use of the
apparatus described above and methods according to the
25 invention in comparison to techniques described in W092/04470.

Example 1

Denaturation of DNA was carried out in the cell shown in
Figure 1, modified by the use of a pointed electrode 14, using
30- - a constant voltage of 2.4 V. Denaturation of 40 gl of calf
thymus DNA (12 ug/ml) in 1 mM methyl viologen was' completed
in 1 to 2 minutes. '

Comparative Example 1

35 Using the three electrode electrical system described in
WOS2/04470, DNA was denatured using -IV at the working



Denat ur at i oo w2sPMA was carried out in the cell shown in PCHVGRASO042
nodi fied by the use of a pointed el ectrode 14, using 30 a const ant
voltage of 2.4 V. Denaturation of 40 [err]| of calf thymus DNA (12
[err]g/m) in 1 nM nethyl viologen was campl et ed in1to 2 mnutes.
‘Conparative Exanple 1 35 Using the three electrode electrical system
described in W92/ 04470, DNA was denatured using -1V at the working

- 15- adlectommie Wi hhr esspect otohdhenl oabbmedf erafaxendeceiederode
(-2.4V). Denat uy gi}on 28 SRl £t hypys JNA [&ty ' mv
met hyl vi ol ogtte;\g'\?\é/ys) 'co%?%%%ﬂd'%lggoéf gSmrin nut esé.ff. ﬁgﬁ%xn%%rp‘pl ((342#5%&)
Denat ur ati on i6f &M nefhwls OOLlegen cHrei edmplhetedi Ag about 25omgmmtes.
vol tage of 2.4 V between the el ectrode of the cell of Figure 1,

nodi fied by the use of a pointed el ectrode 14. Denaturation of 40
[err]] DSA (EXImRIS @) in 25 NMKPO4, pH 6.0, 10 1 nM nethyl viol ogen
was conpleted in bdfachrEdiHEoEf calf t 8 BRAVRaEx8aBkeed out using a

Using the three el ectrodes of 92/ 0447 was denat ured_usj ng “|V
at the worki FEHEERY SR AIH ¢ s%eﬁtvtgefgeeqtﬁ??mﬁ%ﬁﬁﬁr?ihe?gnEge cell

el ectrode (-2#\¥igudenpt uicdipied@f bf the usle ot fa thyimsedNALédetede] g4 )

mnotes, | DerRturaiiqn 0f 40  #bchioShas Bl GRIAT G BhGee P BB

10 1 mM methyl viologen was completed in 1 to 2 minutes.

Comparative Example 2
Using the three electrodes of W092/04470 DNA was
denatured using -IV at the working electrode with respect to
15 the calomel reference electrode (~2.4V). Denaturation of 1
ml calf thymus DNA (4 ﬁg/ml) in 25 mM tris{ pH 7.5, 1 mM
methyl viologen, required more than 180 minutes.

Whilst the invention has been described above in terms

20 of the preferred embodiments illustrated by the examples, many

modifications and variations thereof are possible within the
scope of the invention.



20 of theopsefierred enbodi nents illustrated by the exanpl eBCT/GBOS/00542

nodi fi cations and vari ations thereof are possible within the scope of

t he i nvention. . -16- 1. A
process for denaturing doubl e-stranded nreic acid 5 whi-eh-conprises
subj ecting a solution containing said nucleic acid to vol t age

appl i ed between el ectrodes under conditions such as tm m;'mﬁﬂ :
| east a portion of said nucleic acid CLAIMS wholly or UI”J"I
stranded formin the solution wherein said electrodes approach to® *
within 1.5mm of one 10 another in said solution. . A process as
clainmed in claim1l, wherein the el ectrodes approach to within 1 nm of

one-anot her ijn saiyd c}agxgiégéé)nfor Hena urm%}t PAOGBES - E‘Erﬁlf'xabﬁe%iﬂ @i er:]%d

wherein the él'ectro roac one anot er
sai d sol & i owhich compriseg P iessing él%ﬂﬂéalpﬁ ﬁﬁ?téﬂéééal Qlél Buedeic

wherein a acl\aohbaaev@itégeraﬁeﬁléa BetMiddl éBcdPPbiied RRINPEHoSA €1dhs
el ect r odes. 5. process as_clainmed in claim4, wherein a voltage

of FromSHCh @8 £ SARTEFS SoplfItt Bet ROST1SH PE 9349 qielels acid

to a wholly or partially single stranded form in the solution,
wherein said electrodes approach to within 1.5mm of one
10 another in said solution.

2. A process as claimed in claim 1, wherein the electrodes
approach to within 1 mm of one another in said solution.

15 3. A process as claimed in claim 1, wherein the electrodes
~approach to within 0.5 mm of one another in said solution.

4. A process as claimed in any preceding claim, wherein a
voltage of from 0.5 to 3 volts is applied between said
20 electrodes.

5. A process as claimed in claim 4, wherein a voltage of
from 1.5 to 2.5 volts is applied between said electrodes.

25 6. A process as claimed in any preceding claim, wherein the
solution contains a promoter which assists said denaturation.

7. A process as claimed in claim 6, wherein said promoter
is methyl viologen or a salt thereof, or is a multivalent
30. inorganic cation.

8. A process as claimed in claim 7, wherein said promoter
is magnesium or lanthanum ions.

35 9. A process as claimed in any preceding claim, wherein
where the electrodes most closely approach one anotlier, one



\
25 6. AyvB'RsEsS as clainmed in any preceding claim wherei pdii€gosinosia
sol ution cont'ains a pronoter which assists said denaturation. 7. A

process as clained in claim®6, wherein said pronoter —Ls_methyl
vi ol ogen or a salt thereof, or is a nultivalent 30 inorganic cation.

8. A process as claimed in claim?7, wherein said pronoter

or | ant hanum | ons 35 9. A process as clainmed in any Mulummﬂi@mlﬂ]m
wher ei n h%:8| fqyg ¥ roach one another

-17- E e ectro es i's aﬁ%h?gga A process of
repeat ed denaturatlon of double stranded nucl ei ¢ aC|d mhereln the

nucl ei ¢ aci dips dgnefs@@séayoﬁ rapRhReds Hidita Ch AL BN b AN EEs O% SFse

pr ecedi ng clalni said voltage_is applled repea
having a dur BEFéRiC ac’oﬁl upbegeiny the egucleic "agid Aﬁar@@@%ue‘ﬁdr emeataed

denat ur agi Onpﬁ&cébal gﬁdﬁlalﬁé@ 1] Jéhy bhe \%E&?ﬂ@o&@dédi@gt ?48i% 2BPLHhEERAS
a repeatl ng g voltagea¥5 naqpf;al RN ' s rgoea%lng pu sreualavn.ng a duration

of up to 2 minutes.

11. A process of repeated denaturation as clalmed in claim
10 11, wherein said voltage is applied as a repeating pulse
having a duration of up to 1 minute.

12. A process of repeated denaturation as claimed in claim
11 or claim 12, wherein between said pulses the voltage is

15 turned off or reversed for a period equal to the period for
which the voltage is applied.

13. A process of repeated denaturation ‘as claimed in claim
12, wherein said voltage is applied as pulses at a frequency
20 of from 1 to 100 Hz.

14. A process of amplifying a target sequence of nucleic acid
comprising hybridisation, amplification and denaturation of
nucleic acid wherein said denaturation is conducted by
25 subjecting a solution containing said nucleic acid to a
voltage applied between electrodes for a period of up to 2
minutes under conditions such as to convert at least a
portion of said nucleic acid to a wholly or partially single
stranded form in the solution.
30
~ 15. A process of amplifying a target sequenee'of nucleic acid
as claimed in claim 14, wherein said electrodes approcach to
within 1.5mm of one another in said solution.

35 16. A process of amplifying a target sequence of nucleic acid
as claimed in claim 14 or claim 15, wherein said voltage is



12. A pro epeated denaturation as clained in claim | ai m
12, mhereﬁﬁ%§3?§g2n said pulses the voltage is i5~—%u%ned—9t£fgﬁ%%g@é%éed

for a period equal to the period for whi ch the voltage is applied.

13. A process of repeated denaturation as8el ai rreduw mmmmml'um wher ei n
said voltage is applied as pulses at a frequency A 00 Hz.

14. A process of anplifying a target sequence of nucleic adid® *

compri sing hhidietetdons 28BkkELRet AN ALRALIA40PaPlon of w'e{;icgn

acid - wherein said denaturation IS conducted by ™25 jecting a sol ari ¢
cont ai ni ng sHIPUESeic acid to a vol t age applied between el ectrodes
for a period of up to 2 m nut es under conditions such as to convert at

| east a tigQn_of said puclejc.acid to a wholly or partjally single
stranded for ﬁ107|rn - g‘hErQSFﬁFi %ﬁ_amggll.z.:ynig_a Eap’-’r%res%ey%%e‘égﬁ)quf Pgded o acddt
sequence 50f musclcdiadmed dn clais claispdclainl aism Whewdtin eéfigavdltage is
el ectrodes apg;ggc% to within 1. 5mm of gne.anothg& in_said solution.
35 16, A prYPASESoE T FEFPRETAS: e BAUsRTe DIOWERFEPR B3 ¢P toa3
clainmed in cledinmt®4 or claim 15, wherein said voltage is _

-18 - applied as a repeating pulse having a duration of up to 2

m nut es. 17. A process of anplifying a target sequence of nucleic
acid 5 as &8 mddpreceissi mtlampl iflyding E6 taggetei sequénceoasagbaimed in

appl i ed1@s aazhgPeghkNdoBU! SLafidyi Ngsa dyrajhon QhibR t9s! a PCR or LeCR

amplification.

19. An electrochemicai cell for use in the denaturation of
nucleic acid comprising a well having an electrically

15 conductive inner surface constituting a first electrode and
a second electrode dipping into said well and réaching to
close proximity to the floor of said well.

20. A kit for use in a nucleic acid assay or amplification,
20 comprising an electrochemical cell as claimed in claim 19, and
"at least one of:

a nucleic acid for denaturation;
an oligo-nucleic acid ;
25 one or more nucleotides;
a polymerase;
a ligase; and
a buffer solution.



m nut e. wo 951177A process of anpl ifying a target sequence mS/€hRigiRg i n
10 any one of <claine :4 to 17, which is a PCR or LCR

anplification. 19. An el ectrochemcal cell for use in the
denat ur ati on of .nucleic acid conprising a well having an electrically
"15 conductive inner surface constituting first electrode and a
second el ectrode dipping into said mell]a ]eaching to cl ose
proximty to the floor of said well. 20. A kit for use in a nucleic
acid assay or anplification, 20 conprising an electrochem cal cell as
claimed in claim19, and at | east one -of: a nucleic acid for
denat ur ati on; an oligo-nucleic acid ; 25 one or nore
nucl-eoti des; a pol ynerase; a ligase; and a

buf f er sol uti on.
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