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I nvention relates to processes for the treatnent of nucleic acid materi al
in order to effect a conplete or partial change from doubl e stranded form
"to single stranded formand to processes of anplifying or detecting
nucleic acids involving such denaturation processes. Double stranded DNA

(deoxyri bonucl ei ¢ _aci dE}‘ and _DNA/ RNA éri bonucl ei c acid) and RNA/ RNA
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that, in vitro, require aggressive conditions to separate the
conpl ementary strands of the nucleic acid. Known nethods that are comonly
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quantiti esceisihe feqasRndatingicds ¢f ten minutes or more oOr use an
alkaline pH of 11 or higher. Other metheds include the use of
helicase enzymes‘ such as Rep protein of E.coli that can
catalyse the 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 stranded form of DNA. The
denatured single stranded DNA produced by the known processes
of heat or alkali is used commonly for hybridisation studies
or is subjected to amplification cycles.

US Patent No 4683202 (Kary B Mullis et al, assigned to
Cetus Corporation) discloses a process for amplifying and
detecting a target nucleic acid sequence contained in a
nucleic acid or mixture thereof Dby separating the
complementary strands of the nucleic acid, hybridising with
specific oligonucleotide primers, extending the primers with
a polymerase to form complementary primer extension products
and then using those extension products for the further
synthesis o0f the desired nucleic acid sequence by allowing
hybridisation with the specific ocligonucleoctides primers to
take place again. The process can be carried ocut repetitively
to generate large quantities of the required nucleic acid
sequence from even a single molecule of the starting material.



‘sequence fromeven a single nolecule of the starting material.

Separation of the conplenentary strands of the nucleic acid is achieved
preferably by thermal denaturation in successive cycles, since only the
thermal process offers sinple reversibplity of the denaturation process to
reformthe double stranded nucleic acid, in order to continue the
anplification cycle. However the need for thermal cycling of the reaction
m xture Iigits_ghe speed at, which the multiplicaiton.process can be carried
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heat is difficult to apply in selective regions ¢f a
diagnostic device and it also can be destructive to the
stzuctura of the DNA itself because the phosphodiester bonds
may be broken at high temperatures leading to a collection of
broken single strands. It is generally believad that <the
thermophilic polymerases in use today have a lower fidelity
ie. make more errors in copying DNA than do enzymes S£rom
mescophiles. It is also the case that thermecphilic enzymes such
as TAQ polymerase have a lower turnover number than heat
lakile enzymes such as the Klenow polymerase from E.coli. In
addition, the need to heat to high temperaturess, usually 90°
celsius or higher <*o denatﬁre the nucleic acid leads o
complications when small volumes are usad as the evaporation
of the liquid is difficult to control. These limitations have
so far placed some restrictions con the use of the Mullis et
al procass in applications requiring very low reagent volumes
to provide reagent economy, in apulications whers the grsatest
accuracy of copy is required such as in the Human Gencme
saquencing projecf and in the routine diagnostics industz;
whera reagent economy, the design of the assay format and the
speed of the DNA denaturation/renaturation process ars
impertant.



accuracy of copy is required such as in the Human Genone sequenci ng proj ect
and in the routine diagnostics industry where reagent econony, the design
of the assay fornmat and the speed of the DNA denaturation/renaturation
process are inportant. -33- Denat utHtion/renaturation cycles are al so
required in order to performthe so-called |igase chain reaction described
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t hought to a process | nvol Vving
requires a prior protonation and therefore takes place at a

pH below 7.0. The primary reduction sites of adenine and
cytosine form part of the hydrogen bends in the Watson-Crick
base pairs. Palacek was unable to demonstrate reduction of
adenine and cytosine in intact, native double stranded DNA at
the mercury electrode. Palacek has further demonstrated that
€0 a very limited extent the DNA double helix is opened on the
surface of the mercury electrode at a narrow range of
potentials centred at -(minus)l.2 V in a slow process
involving an appreciable part of the DNA molecule. This change
in the helical structure of the DNA is thought to be due to
prolonged interaction with the electrode charged to certain
potentials and is not thought to be a process involving
electron transfer to the DNA. No accumulation of single
stranded DNA in the working solution was obtained and no
practical utility for the phenomenon was suggested. Palacek
also reports that the guanine residues in DNA can be reduced
at -({minus)l.8 V to dihydroguanine which can be oxidised back
.to guanine at around -(minus)0.3 V. The reducible guanine
double bond is not part of the hydrogen bonds in the Watson-
Crick base pairs and this electrochemical process involving
guanine does not affect the structure of the DNA double helix.
In an earlier paper F. Jelen and E. Palacek {(in
"Nucleotide Sequence-Dependent Opening of Double-Stranded DNA



electron transfer to the DNA No accunul ation of single stranded DNA in

t he working solution was obtained and no practical utility for the
phenonenon was suggested. Pal acek al so reports that the guanine residues in
DNA can be reduced at -(mnus)l.8 V tag-di hydroguani ne which can be oxidi sed
back to guanine at around -(m nus)0.3 V. The reduci bl e guani ne doubl e bond
is not part of the hydrogen bonds in the \Wtson- Crick base pairs and this
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is in solution (rather than adsorbed onto the el ectrode) and ere is no
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the electrode) and there is no disclosure of useful amounts
cf single strand DNA in solution. Furthermore, there is no
disclosure that the nuclectide base sequence of the DNA on the
electrode is accessible from sclution. The bases themselves
are tightly bound to the mercury surface. A mercury electrode
is a complex system and the electrode can only be operated in
the research laboratory with trained technical staff.

H W Nurnberg ("Applications o©f Advanced Voltammetric
Methods in Electrochemistry” in "Bicelectrochemistry", Plenum
Inc (New York), 1983, pp. 183-225) discloses partial helix
opening of adsorbed regions of native DNA to a mercury
electrode surface to form a so-called ladder structure.
However, +the DNA is effectively inseparably bocund to or
adsorbed onto the electrode surface. In this condition, we
believe the denatured DNA to be of no use for any subsequent
process of amplification or analysis. To be of any use, the
denatured DNA must be accessible to subsequent processes and
this is conveniently achieved if the single stranded DNA is
available in free solution or is associated with the electrode
in some way but remains accessible to further processes.
Nurnberg has not demonstrated the ability of - the mercury
electrode to provide useful quantities of single stranded DNA.



‘the research | aboratory with trained technical staff. H W Nurnberg
("Applications of Advanced Voltamretric Methods in El ectrochem stry” in
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reacting ths transiently partially denatured on the surface of a mercury
pool electrode, the process being detectable by reacting the
single stranded products with formaldehyde so as to accumulate
methylated DNA products in solution. Intact DNA did not show
any observable denaturation.

Our Application No. PCT/GB91/01583 discloses a process
for denaturing double-stranded nucleic acid which comprises
operating on solution containing nucleic acid with an
electrode under conditions such as to convert a substantial
portion of said nucleic acid to a wholly or partially single
stranded form.

This process was based on a finding that it is possible
to produce the denaturation of undamaged (i.e. non-irradiated)
DNA at ambient temperature by applying a suitable voltage to
a solution in which the DNA is present under suitable
conditions.

The mechanism for the process has not yet been fully
elucidated. We believe that the process is one in which the
electric field at the electrode surface which procduces the
denaturation of the double helix.

In polymerase chain reaction processes, it has been shown
that the denatured DNA produced by the denaturing process is
immediately in a suitable state for primer hybridisation and



'single stranded products with fornmal dehyde so as to accunul ate net hyl at ed
DNA products in solution. Intact DNA did not show any observabl e
denaturation. Qur Application No. PCT/ GB91/ 01563 di scl oses a process for
denat uri ng doubl e-stranded nucl ei ¢ acitwhich conprises operating on
solution containing nucleic acid wth an el ectrode under conditions such as
to convert a substantial portion of said nucleic acid to a wholly or
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buffer, theMBEdEesVicHPIRN f 881 | 2t B byhehachr ed@fcaisclideed as the
prefarrad promoter compound.

It is believed that cthe positively charged viologen
molecules interact between the negatively charged DNA and the
negatively charged cathode to reduce electrcstatic repulsion
therebetween and hence to promote the approach of the DNA to
the electrode surface where the electrical field is at its
stronges<t. Accordingly, we expressed a préfarence in
Application No. PCT/GB91/01563 to employ as promotars
compcunds having spaced positively charged centres, ‘e.g.
bipolar positively charged compounds. Preferably, the spacing
between the positively charged centres was to be similar w2
that in viclogens.

We have now discovered <that multivalent inorganic

cations, preferably Mg2*

, can also act as promoters in such
a systam with approximately the same efficacy as methyl
viclogen.

It is thought that large cations such as Mg?* ars able
to act as a bridge between 2 negative electrode and negatively
charged regions oI the double-stranded nucleic acid.

Accordingly, the present invention provides a process for
denaturing double-stranded nucleic acid which comprises
operating on solution containing said nucleic acid with an
electrode under ccndition such as to convert a substantial
proportion of said nucleic acid to a wholly or partially

single stranded form wherein the solution contains an



solution containing the nucleic acid of a pronoter conpound. Methyl
vi ol ogen or a salt thereof was disclosed as the preferred pronoter
conmpound. It is believed that the positively charged viol ogen nol ecul es

i nteract between the negatively charged DNA and the negatively charged
cathode to reduce el ectrostatic repul sioirtherebetween and hence to pronote
the approach of the DNA to the el ectrode surface where the electrical field
is at its strongest. Accordingly, we expressed a preference in
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Pt(NH err])[err] and C-(NH err])[err] but the preferred cation is Mlerr].
M xtures of pronoter cations nay be enployed. The concentration of said
pronoter cation is preferably froml1lnMto 250mM nore preferably from 70mv
e.g. about 100mM Preferably, according-to the invention, the single
stranded nucl eic acid produced is free from the electrode e.g. in
solution. However, the nucleic acid nay be imobilised on the

el ectrode mardopbkéemabiiynaloe muireandac 5@ nMpr i®rgt ond heosapthsat pong@f the

electric potential ~e g aftached by the end.qr a smal| _portion .=

i nt er nedi are H&“eﬁ%%’T#*%réP%%cﬁeW@-acgﬁnﬁnér%f”soﬁﬁi %bw?ea§%eshB§%§ntia
segnent s obtrehgthnucihe momxi thpidl esukae fdeedyumpendant foeevet hein

el ectrode égqggge bgfogg and gf__tert epaturation. In addition to said

el ectrode SAd-a-¢ounPer-Bré&ctrofés a raferthice €P€5FF53%‘waﬂmﬁéb@ontacted
Wi th sai d spbubponasrd ta igncage tey dmnapiddEbbetoecansai g-ebrgthogde and
sai d countegf-e S t Q _achiev i.red controll.ed vaoltage

bet ween salgéye%:gglﬁ)g gtangiggl cr"(eéf ea%e%cgrgﬁégter‘o 5 éﬁ?e"‘dec@& P& ‘may be
connected by a Pbeeproossatmay roriicerasedsoknoim am dllee wloetiemichaenteal art.

Preferably,za_pgt hakeoQE fLram +Q. 2 to - YebS applied Lo said rking
el ectrode anthggeggégth?g ‘§§%glFgfgfeﬁéeégggﬁFkédéf nggo%Fe$3$aﬁrg'fron1
-0.8 to -1Turpere, JAMpeaEMEetIE M \EnAMWmsi nyrel etieddelmpunagesamse given

t hroughout rasuhb1MEasWLe ggjagjoac L]y feagiy Bl AtV . a

cal onel rererghéé el egt rgég ?éDH NO. i%%gi.é{bs’b. O%U.'C?éli'he e|e'loérj11i C gt ‘rfégléf'ﬁgof
sai d sol ut E8RCT5OgLRef 8 aBPYUNFET MR LI IR 5BNGMVO DTN 14f e? abRfenenaer e

than 100 ﬂwlecé%ohte.h@ﬁeb@s&iﬂar@lé@@éo&éﬂ%g akepfuianat .eaagﬁathfgﬁsases
as the ionic strength 1s decreaSed, the said 1onit strength is sti
nucleic acid is effected may be of any convenient material
e.g. a8 noble metal such as gold or platinum, or a glassy
carbon electrode.

The electrode may be a so called "modified electrode” i
which the denaturing is promoted by a compound coated onto,
or adsorbed onto, or incorporated into the structure of the
electrode which is otherwise of an inert but conducting
material. In an alternative electrochemical cell
configuration the working, counter and reference electrodes
may be formed on a single surface e.g. a flat surface by any
printing method such as thick film screen printing, ink jet
printing, or by using a photo-resist followed by etching. It
is also possible that the counter and reference electrodes can
be combined on the flat surface leading to a two electrode
configuration. Alternatively the electrodes may be formed on
the inside surface of a well which is adapted to hold liquid.
such a well could be the well known S8 well or Microtitre
plate, it may also be a test tube or other vessel. Electrode
arrays in Microtitre plates or other moulded or thermoformed
plastic materials may be provided for multiple nucleic acid
denaturation experiments.

The strand separation may be carried out in an agqueous
medium or in a mixture of water with an organic solvent such
as dimethylformamide. The use of polar solvents other than



‘nore preferably no nore than 50 mMM e.g. no nore than 25 nM or even no nore
than 5 MM Cenerally, the lower the ionic strength, the nore rapid is the
~denaturation. However, in calculating ionic strength for these purposes it
may be appropriate to ignore the contribution to ionic strength of any
conponent which acts as a pronoter as 3escribed above. The process may be
carried out in an electrochem cal cell of the type described by C J.
Stanley, M Cardosi and A.P.F Turner "Anperonetric Enzyme Anplified

| munoassayatsr Jorl mamaalakbt $oldD88) 142 a1E53-dfdeptrimbe chutherse e a

wor ki ng el Lode, .a counter rode and optionally a reference .
el ectrode. E%é‘“\'/\b?ii ng'Pz(Lg‘Ie ecé‘f’%&%&ét “g?-’ bglbd%micib%"th%é deMart urihg e acid .
i s effect etempgrédzunésany cénvimdiersd nEmgedtiergs apnabl edieic@nsuair as
gold or plaLinum.or_ a. carbon ectr .. The. el ectrode may be a so
called " rm%%’f‘ Pﬁ%lér‘é%t F%’géég%{ﬁgﬁi‘gh ﬁ% 'ﬁ‘e‘%"gﬁeﬁi%“? 'se%?%n'?tnc’e%ie may
conpound cbateﬂrnne@, Qwr FUSPbedoDETym &b T Cldd pooraterti et 1o ot ructure
of ‘the el ecliode: ¥ Chokg 2hBeAM:ARAAl R bR Bl- Gonduct ng, mal efj al

a \'% €l ectroc

In an ternatf ve emcar - --cel [ configurat icon THeEwdki ng,
count er anfior esenengerpdees  biessfone e dhrsaewiea iny exesunface €.@. a

flat surfagg.p Prénting gt Red-suchsas tah gk f il scr printing, ink
jet printi ng? %r%% qs? ngaa' p%t b-?eng’ftafol I owgd nb;‘/: é't%hi%g?d I [“air‘}s B so
possi bl e tAaEseheedodt &N ARHIVITr MR CcEPDIRSNEAG Be beGifisithechase t he

flat surfagg-leadhng tBnact WR-ehgehr ade GABH QW aidno Aldarnatiyvely.d he
el ectrodes may be formed on the inside surface of a well whichis adapted
to hold |iGORASTEEBA BeRBFRTEBDI ATBee$He wel | known 96 well or Mcrotitre

plate, it may akge BEnachSshg!phbcdds ARY-rMIRF Yo chbeLhiOdeiSh RYS dd
Mcrotitre plates or other noulded or thernofgrned plastic materials may be

provi ded fSPCREPPFBFEANEE| 2iT 2R i GeRUPELAL PENTEXPSFIMRIR% Processes,
e.g. procedures involving the analysis and or the

amplification o©f nucleic acid. Some examples of such
applications are described below.

The invention includes a process for detecting the
presence or absence cof a predetermined nucleic acid sequence
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 an electrode: hybridising the
denatured nucleic acid with an oligonucleotide probe for the
sequence; and determining whether the said hybridisation has
occurred, wherein during denaturing the solution contains an
effective concentration of a multivalent inorganic cation
acting as a promoter which assists said denaturation.

Thus, the invented process has application in DNA and RNA
hybridisation where a specific gene sequence 1is to be
identified e.g. specific to a particular organism or specific
to a particular hereditary disease of which sickle cell
anaemia is an example. To detect a specific sequence it is
first necessary to prepare a sample of DNA, preferably of
purified DNA, means for which are known, which is in native
double stranded form. It is then necessary to convert the
double stranded DNA to single stranded form before a
hybridisation step with a labelled nucleoctide probe which has



The strand separation nmay be carried out in an aqueous nediumor in a

m xture of water with an organi c solvent such as dinethylfornmam de. The use
of polar solvents other than wat er or non-pol ar solvents is al so
acceptable but is not preferred. ThelOprocess my be carried out at
anbient tenperatures or if desired tenperatures up to adjacent the
pre-nelting tenperature of the nucleic acid. "he process nmay be carried out

at pH's o0& ddnfplehdrcatt, seavRNENLY -ABOIA GangARe kA YakaDpeakapi €
denaturatign i s obtained at |ower, pH For sqgggpur osgs therefore a ﬁh
sonewhat bEFOW WeRrTdT, PECGR oY pits. YRS prafePRedtSed THRF ntRdwi ¢
acid nmay bpurbssel Vedai prafieaga€ouanairlibvoratentiaignidig: achelf £6L 1 G

nat ure andsLQ Lc strength are such as not to interfere with the strand
separati on~ pr gess. The denaturing process according to the invention may
be incorporat eddesatusimp Bn sempbdeb ZofDNPOr By C@pp e iy 0O6€Sa8Sage thy

procedur es in Lng. the _analysi.s and_ _or _the anpljfication of”
nucl ei ¢ aci d. Mggé%n%f égénﬁrggt‘SPe §ﬁ%h“%$pﬁ?8§??oﬁ§hgrgl& s i PR
bel ow. The inveptemoténcindeslatpeocess for detecting the presence or

absence of _a pr eLm | g cld .S enge., n, a, sanple Ich .
conpri ses: dena gg?ﬁ%%ﬁgngﬁé gg‘&ﬁ%“?ggt ‘ragﬁdé‘d'%r?uc%l S ST by RRhTRE of a

vol t age appl i edoroladieractil dabell binudles tigenpanbeotoanlenentaodess
hybri di si ng the.dgnabysedeouskei arackd-W fhgan ol i gonucl eotide probe for

t he sequence; and detgrnining whet'her the sai d hybridisation has occurred,
wher ei n duri ng €efaFrniniaadt WReBNeT i oms onyaridisatiPnechige eoneemdati on

of a multival ent,nkRQr ' cak i agki,Ngsa LC ists.said
Genat urat i on, ThOLBA! f8gefncak L BaRaby 0o Moy SABEARRL G thL BrgaeheloRR
hybri di sati on wiBRe RFfoci fThe gbRebseqifim® Réreethy radio-labelled,

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
immobilise the sample DNA to a membrane surface which may be
composed of neutral or charged nylon or nitrocellulose. The
immobilisation 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
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 the present
methods are:

- heating to high temperatures to create single
stranded DNA can cause damage to the sample DNA
itself.

- the use of alkali requires an additional step of
neutralisation before hybridisation with the
labelled probe can take place.

One improved method for carrying out DNA probe

hybridisation assays is the so called "sandwich" technique
where a specific oligonucleotide is immobilised on a surface.



identified e.g. specific to a particular organismor specific to a
particul ar hereditary disease of which sickle cell anaem a is an exanpl e.
To detect a specific sequence it is first necessary to prepare a sanple of
DNA, preferably of purified DNA, nears:for which are known, which is in
native double stranded form It is then necessary to convert the double
stranded DNA to single stranded form before a hybridisation step with a

| abel | ed nuc) egtl.i-dg-Rr chhndlag .- a: conplenmnt ary sequence t o the DNA
sanpl e can t%kg pi agg Gt%mgené'f&ur at| on- process . of‘@ﬁ%i'ﬁ'&e% o dantbe
used for tR: %‘pﬂuf?)ﬂ’ﬁ% FRCavhERS 2r PN TSRO bYR £AE LY A2 otaTEae TwAl omi ng

steps: - . denaturlipg-angadple.of DNA-by-applying a2 v%)é,t by feans of an

L2 2aldellag

el ectrode to the sanpl e DNA\Mtrla said pronoter in so
hybri di si n§~¢3e - ¢enafGied BRA SAS ™ 3EdHd e igh| abskl é‘d’l’(;‘rlq-rWsremlyhe
| abel | ed nyglesti dganr obengongpkenpnt ary 0.4 hga seguence of - Jat eL[_gHst gnd -
determ ni ng Whet her  the hybrldlsatlon has occurred, Wi ch “Teeun
det er ni nat + P 7SS bE P ETNECATHES he2 TS eHREcHf aHe b?—é@e vitrhe: nprode
bei ng di r egbty¥mé adicankabel | egrgét ugngseent-nd abekked. ~ghenid u,n;pescept
| abel I ed or _enzyme-labelled or being an indirectly Iabel | eq prob‘é Wit ch
carries bi o8FR<for exanple to which a labelled avidin or avidin type
nmol ecul e can be’f‘lbgﬂnd*bﬁé@ﬁrewf‘a'a MB"%@';;@N@..DF*Qbﬁsﬁséai’*ét S, gustomary
to imobilise the sanp 5 to. a menbrane surface which nmay be conpoSed of
neutral or FcheRgRdChyFofi of VRTErotef? BRRETSThe T ImoDHF 1223 Y Andas 4o eved
by charge lv.nt:ermé|mmad)yshﬁj@m:tﬁaecmnbmnemaenb@tam@ IMNR-4an oven.
The sanpl e DNA can_be heated_t qqperatuge to ensure conversion to
singl e ccunter electraode an on ona reZarence elactrcde and/cr

the promoter can be incorporatzd into a test tube cr a well

in which the DNA probe assay is to be carried out. The DNA

sample, promoter if not already present and cligonucleotide

probes can then be added and the voltage applied to dena+turs

ct

ne DNA. The resulting single-stranded DNA is hybridised with
the specific oligonucleotide immobilised on the surface after
which the remaining stages of a sandwich assay are carried
cut. All the above steps can take place without a need for
high temperatures or addition of alkali reagents as in *“he
conventional process.

The electrochemical denaturaticn oI DNA can be usaed in
the amplificétion cf nucleic acids, e.g. in 2 polymerase chain
reaction or ligase chain reaction amplification procedura.
Thus the present invention provides a process for resplicating
a2 nucleic acid which ccmprises: separating the strands of a
sample cdouble stranded nuclesic acid in solution under the

influence of an incorganic multivalent caticn promotser and an

®

lactrical voltage applied to the soluticn from an electrode;

o ¥

wwvbridising the separated strands oI the nucleic acid with at
least one oligonucleotide primer that hybridises with at least
one of the strands of the denatured nucleic acid; synthesising
an extension procduct of the or each primer which is
sufficiently complementary to the respective strand of the
nucleic acid to hybridise therewith; and separating the or



stranded form before binding to the nenbrane or it can be treated with

al kali once on the nenbrane to ensure conversion to the single stranded
form The di sadvantages of the present nethods are: - heating to high
tenperatures to create single strandgd DNA can cause damage to the
sanple DNA itself. - the use of al Kal™ requires an additional step of
neutralisation before hybridisation with the |abelled probe can take
place. One inproved nmethod for <carrying out DNA probe hybridisation
assays is t B&CSoREERENEHON RERAMIH ' pachine quec Whis el & pecizhidcwith which

ol i gonucl ecti-desi s LrrBRkbESed QBc3:JUEAACE e SIB§ EEL%QEQ having the
specific oligonucl eotide thereon is then hybrlglse wifh-a“sol ution
contai ni ng the tARgEECDNAPPAYRET3FAJIed st vathdwdl famrThon atterdubiche . @

second | abel go phé- 500w a0id Gaact:bheD- a0ded-hi chal sahybridi ses, Lo the

Ha el ida Se ;- WO, O in} o
target DNA. e surface i s then washed to renove unbound 1 abelfefse?

ol i gonucl eot-Rdedtlaf C&SeRhi BR SRFTYabedt Wenaruracisstons bohadcbantarget
DNA on the sebhiaeengannde1qetsasiad-Thispeacaiiiie oo he: siapldfied by
using the denaturing process of ‘the invention to denature the == ==
doubl e- st r ande PAINPE nEEEERELRRGUITPe PTAGYH%- 8t SHAFEGLIPNA. Tina Inoardd fux
el ectrode, eenpbeare aehkedenandropbporatldnack s cases el acly D}gﬁiéﬁeﬁf
I C e
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the pronoter can be incqrporafed into a test tube or a well Tn

DNA probe a®3afieFsh¥ THELERFEPBASORR , TTRLERA SARPPELMRT oFdtRind frandits

al ready presemgeand arngontiséeprifderpigbes Gitkihesh benadded -ard ddena

vol tage applied to denature _the DNA. The resylting single-stranded DNA is

hybri di sed WPEH®FhE “SABEF? | EegVFljbﬂbEP‘éb?ﬁ‘d%ri FBOFRTERE BF-2MES sin feise

after whi chptriimerereigibngwilagee piedestddVasd BRSaYtEL €RFdd€Cstrands
may be progressively displaced by extension of the primer or
by further temporary weakening or separation processes.

Preferably, the said amplification process further
comprises repeating the procedure defined above cyclicly, e.g.
for more than 10 cycles, e.g. up to 20 or 30 cycles. 1In the
amplification process the hybridisation step is preferably
carried out using two primers which are complementary to
different strands of the nucleic acid.

The denaturaticn to obtain the extension products as well
as the original denaturing of the target nucleic acid is
preferably carried out by applying to the solution of the
nucleic acid a voltage from an electrode, the solution
containing a promoter as described therein.

The process may be a standard or classical PCR process
for amplifying at least one specific nucleic acid sequence
contained in a nucleic acid 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,
for each 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



out. Al the above steps can take place without a need for high
tenperatures or addition of alkali reagents as in the conventional process.
The el ectrochem cal denaruration of DNA can be used in the anplification of
nucleic acids, e.g. in a polynmerase chaLn reaction or |igase chain reaction
anplification procedure. Thus the present invention provides a process for
replicating a nucleic acid which conprises: separating the strands of a
sanpl e doub| e, stranded nug| ei c_aci d ig sol ution under_the influence of an

i nor gani ¢ HAt i VB 2PET Tat 700 p?%ﬁﬁ?@? and®an8l eCPri &8 VHIRSIFE Edilived to
the sol uticomd reomerares}t end rdidkf eyt i shsimis 9 cweparaiert Sid auds, i he
nucl ei ¢ acj i1 .at ] east one oligaonucleotide priner fhat hybridises with
at | east oén&ejcgmm‘“ e tsh{er aE61-9 he:‘g:aoe Heured ‘éilecCI o Oé'%t?rﬁéﬂes‘:l:ng an
ext ensi on yWreduct o sdmamatedcireni tes edmmlenensuféaci eaidy £onPl enentary
to the respgecti st r.and, of e nucleic acid to hybridise therew th; and
separating t e‘%tree 22 “ébééc%'se%‘en“sg?eonexp‘re&ﬁr&n A1 fud®d e-eExd
stand withpxdmeh: it is hybridised to obtain the extension product. |In such
a pol yner | sepli i ce > £.:0. a pol ynerase, chain.
reaction %é%@%‘%ﬁy '%éa)% %%@%@s%ﬁ'qsnl%ﬁl a %“éc“ﬁ) caty oue
denat ur at i eRPRR TR POiWRioh phedusemg wholthgsisrgl eostoratesd nmlmqe-es of
nucl ei c acig b yLEi cien o] utficient cal and/ or

t enpor ary %/ve‘a?{ec%ﬁé:g)ﬁgr*sgéﬁ%%at'irgnrcg% t%%%gﬁ:%l Zoﬁe%i xscé%‘n&]t R%gﬁ?FﬁEr %Y

hybri di sat3@%i1@ & yodivagh fremenrelecsTpiadte othe sreagyein mix@ure:t he
primer is iggposition on a first of the target strands, rehybridisation of
the target strands in the prinmer region will be prevented and the other

target stréfis FES2BEGr ShResSingl s shzsidesepleeud e sgeneshtele fmomer or
step (b) with the primers of step (a) under conditions such
that a primer extension product is synthesised using each of
the single strands produced in step (b) as a template.

Alternatively, the process may be any variant of the
classical or standard PCR process, e.g. the so-called
"inverted"™ or "inverse" PCR prccéss or the "anchored" PCR
process.

The invention therefore includes an amplification process
as described above in which a2 primer is hybridised to a

' circular nucleic acid and is extended to form a duplex which
is denatured by the denaturing process cf the invention, the
amplification process optionally being repeated through one
or more additional cycles.

More generally, the invention includes a process for
amplifying a target sequence ©f nucleic acid comprising
hybridisation, amplification and denaturation of nucleic acid
(e.g. cycles of hybridising and denaturing) wherein said
denaturation is produced by operating on a solution containing
said nucleic acid with an electrode in the presence of an
inorganic multivalent cation promoter.

— The process of the invention is applicable to the ligase
chain reaction. Accordingly, the invention includes a process
for amplifying a target nucleic acid comprising the steps of:
(a) providing nucleic acid of a sample as single-stranded



by further tenporary weakeni ng or separation processes. Preferably, the
said anplification process further conprises repeating the procedure
defined above cyclicly, e.g. for nore than 10 cycles, e.g. up to 20 or 30
cycles. In the anplification process #gg hybri di sation step is preferably

carried out using two prinmers which arg conplenentary to different strands

of the nucleic acid. The denaturation to obtain the extension products as
wel | as the original denaturing of the target nucleic acid is preferably
carri ed omuceigpplyidng to the solution of the nucleic acid a voltage from

an el ectrody, bheysalull onacomtal g3 PLomildls as dgscrabed thergly. The
process may be“a standard or cIasstaF PCR process fqr anpl TTyThg 5t east
one speci fAr@bRSc| eheradind sehuehr ef LoIR atm@dsenondnaél srédapirdbes argi xture
of nucl ei GAGhds Whelels) HAChnguolele .A¢i 6., £00SESt §4 4 @f erof3s yeRarate
conpl ementary sfrands, of equal or unequa Tengph, whi CR "proc
conpr i ses:SeCAFCaEFeBEFAGLIChACAEr aRaBeSM tH t WheoEigstuerenei e apsiimgis, for
each differenhgsesshbie seanepeeabeing apRl Ifeés:uedgﬁeﬁengkta QS 34ch that
for each different sequence being anplified an extension product oOf feach
primer is SYyfReSisEfwiTiits CerpPeredtaty +o-eashenserend aspdestsand,
wherein a sl3glsak€rafli GBRPSblAr 87 SLLLCALEin§0ro a8 sé&n@%egﬂéﬁﬁ? ﬁ@t ially
conplenentag* to. different strands of each specific sequence such that the
ext ensi on Frod8EEMEFHt RESPEEICF r T fE I5T REFE SHiTeACEE | SV 5H® &t'e@nfr om
its conpl eferthe GaRstekegmm® denlial @ ioarsy Ridiesiss oFf chiae c@xgarsign
produce of the .other qupr: (pg *ﬁepgnatl _;hgh prinmer extension _
product s BASHRE elative ‘to the 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, when

said prcbes are hybridised to said primary strand of said

target nucleic acid; v) the third probe is capable of

hybridising to the first probe; and iv) the fourth probe is

capable of hybridising to the second probe:; and

(c) repeatedly or continuously: i) hybridising said probes

with nucleic acid in said sample:; ii) ligating hybridised

probes to form reorganised fused probe sequences; and iii)

denaturing DNA in said sample by applying a voltage from an

electrode to the reaction mixture in the presence of a said

promoter.

In all of the amplification procedures described above

the denaturation of the DNA to allow subsequent hybridisaticn

with the primers can be carried ocut by the application of an

appropriate potential to the electrode. The process may be

carried out stepwise involving successive cycles of

denaturation or renaturation as in the existing thermal

methods of PCR and LCR, but it is also possible for it to be

carried out continucusly since the process of chain extension

or ligation by thé enzyme and subsequent strand separation by

the electrochemical process can continue in the same reaction

as nucleic acid molecules in single-stranded form will be free

to hybridise with primers once they leave the denaturing

influence of the electrode. Thus, provided that the primer



tenpl ates on which they were synthesised to produce single- stranded

nol ecul es in the presence of a said pronoter by applying a voltage from an
el ectrode to the reaction mxture: and (c) treating the single-stranded
nol ecul es generated fromstep (b) with ghe prinmers of step (a) under
conditions such that a priner exten5|on product is synthesised using each
of the single strands produced in step (b) as a tenplate. Alternatively,

t he process may be any variant of the classical or standard PCR process,
e.g. the so?eh} INEPTILER tekh oFhe | Do e AR RS b5 PECN BRPduet”

PCR processwiThepé Nsegmidned iy ef e dnetbdgenanialp! ioNa adm®n; PLOLESS, aS
descri bed above in which a priner is hybrldlsed to.a circular nuclerc acid

and i s ext etfedt1d¢ offia b&ub‘lséii VY §°E3fenat 87 e8e5FCTh & deRiak sy a
process of {deriswenli sampléecanphiaf bgaki gRnpneCesHWORidalA Ya@eéﬂ.gma-
repeat ed t hrough one or re additional cycles. Mre generally, th

i nvention iTRtTdRS & PrigeRsCPor ArptiPRFYRF AUfar get sequence’ of nuclelc
aci d conprising tudr idi-eatien, amludedscal i RDcarddapsd UL at Iaozibz@céwsc'

acid (e.qg. dg%clesqgf h br|d|3|qg and denaturlng) mherﬁén sai d denaturation
i s producedbyopetat Fiy BFPILI0F T AP IBIRI AT Y BEFLPTRTT 22 REEiedieh an
el ect rode Ié\ci:heseﬁtf@é@dﬂée’ zofa asam:ms gfftich i ¢ Id‘/c&h@ﬂis@ﬁl | &) PLOEPESHe, The

process of the |nvent|f %% | ablg to the I| Se chaln eact i $

Accor di ngl y* TH& TRven ?%h‘? o%iTﬁQﬁﬂB %b???? EAtTArGet 20
nucl ei ¢ aci dltoompuecseagiddepsbeps fof: sandrsgqmemmg and| el ccaciok aif aan
sanple as Slng*gagféaqgf lvaléél r%%%f%é>‘?aé* use as a promoter in

obtaining nucleic acid strand separation at said electrode.
The probe may be labelled in any of the ways discussed above.

The invention also includes a kit for use in a process
of nucleic acid amplification comprising an electrode, a
counter electrode and optiocnally a reference electrode, and
a source of an inorganic multivalent cation for use as a
promoter in obtaining nucleic acid strand separation at said
electrode and at least one primér for use in a PCR procedure,
or at least one primer for use in an LCR procedure, and/or a
polymerase or a ligase, and/or nucleotides suitable for use
in a PCR process.

Preferably, such kits includes a cell containing the
electrodes. Preferably the kits include a suitable buffer for
use in the detection or amplification procedure.

The invention will now be described with reference to the
following drawings and examples.

Figure 1 is a diagram cof an electrochemical cell used £

r
(o)
"

denaturation of DNA.

In Figure 1 there is shown a cell structure 10
comprising a working compartment 12 in which there is a body
of DNA-containing solution, a working electrode 14, a counter
electrode 16, a FivVac seal 19, a Kwik fit adaptor 21 and a
magnetic stirrer 18. A reference electrode 20 in a separate
side arm is connected via a "luggin" capillary 23 to the
solution in the working compartment 12. The working



(b) providing in the sanple at |east four nucleic acid probes, wherein: i)
the first and second of said probes are prinmary probes, and the third and

fourth of said probes are secondary nucleic acid probes; ii) the first
probe is a single strand capable of hybridising to a first segnent of a
primary strand of the target nucleic add; iii) the second probe is a

single strand capable of hybridising to a second segnent of said primary
strand of the target nucleic acid; iv) the 5 end of the first segnment of
sai d pri naeyestrade,of cotmtenr getedsrquesi endnetefetandcye alecdreod apd of

t he second Qt, of...saj i ar nd.of t.he tar tQ_enabl e | 0i ning
of the 3 g%ggg‘]a "'Eeﬁie ﬁs"fés%eg{ o'JE‘)%1 %o%%g"?‘%ésﬁ “ofa“t“r?gi%tseénce%‘n“d It o lé,étvxﬁen
sai d probesoasgamrbricditege e saidtpinedr pestveand TOR sarkihgr gékcnyalkei C
acid; v) thg thigd be. s - ble.of b idjsing tg the first probe; and
iv) the foﬁgt hggﬁcrﬁob‘g{é)s?(%%é%?g%ofgh%%?‘f%?éi gégé'to th(%us%coﬁa“’%f“db@,s"énd (c)
r epeat edl y aoraogemenrsusdse velhybrodnsi{sgesaiar peodeslel t Ansucheeataci d in
sai d sanpl g Jnichd 1598t Gk BEUHH 5 qgwprobes to formreorgani sed fused probe
sequences; and 1) denaturing i'n sai d sanpl e by applying a voltage

froman el &t ride SO:thrmpeert ibecrfogha®i $ vy herpueseh®®S of Jansakdley
pronoter. I ald t eigygﬂification procedures descri bed above the
denaturatigh ofc% e 6&A to all ow subsequent hybridisation with the priners
can be carried Gie bplereraPpl ildati®n2ofciTrERR 0ftRrasE Fareen afod oofhe

el ectrode. dENgdiCRSS BRY RE-S8GLhGo WHi25 $hPBW Shed JWOIME NYmEUGRESSI Ve
cycles of denaturation or_renaturaftion as in the existing thermal nethods

of PCR and NaCRNG AN PveSahl s&2pgshai BFe 9f M i §nFiE e cBRFlIey syeeve of

conti nuouslaud e §hemBELEETS. 8fn CHidiidh BXELNBK O odd UBldOf-d¥ed e 18NZYTE
and subsequent strand separation by the el ectrochem cal process can
continue i MiSEREBR & i AR1RGARGe| BXENAei BNAOTRE FIBFLTRRCS RYPETSPABNded

Formwi Il he figeat o hdrgit SeavdnidlL Préumssiddcey t ey heagesihesdgraturing

The counter electrode is supported by a wire which is soldered

to a2 brass sleeve 25 above the adaptor and passes down and
exits the teflon sleeve, 20 mm from the base of the working
electrode. The wire attaches to a cylindrical platinum mesh
counter-electrode supplied by Oxford Electrodes which
annularly surrocunds the working electrode.

This cell is used in the following examples.
EXAMPLE 1

To the working chamber of the cell shown in Figure 1 was
added 900ul of distilled water and 40p g/ml of Calf Thymus DNA

together with the promoter shown in Table 1 below. The
contents of the cell were subjectad to - 1.0V for up to 4
nours.

Samples were taken at 0, 30 mins, 1 hr, and 2 hrs. from
commencement and analysed on 1% agarose gel to observe the
degree of denaturation. Results were as shown in Table 1.



influence of the electrode. Thus, provided that the priner Wil |
hybridise with the DNA an extension or |igation product wll be

synt hesi sed. The el ectrochenical DNA anplification techniqgue can be used
analytically to detect and analyse a very small sanple of DNA eg a single
copy gene in an animal cell or a singTé7teII of a bacterium The invention
includes a kit for use in a process of detecting the presence or absence of
a predeterm ned nucleic acid sequence in a sanple which kit conprises, an
el ectrode, a counter electrode and optionally a reference el ectrode, an

ol i gonucl eoti de probe for said sequence and a source of an inorganic

mul tival ent gation for use @y mRygy-0NOt er izrgaRiwd-ni Ng nuctigisL At d strand
separation at said electrode. The probe nmay be | abelled in any of the ways
di scussed above. The invention al so i ncl uFERERIGIAFH" uSETHL A SDr ocess of
nucleic acid anplification conprising an electrode, a cowdfingpcidpde and
optionally a reference el ectrode, and a source of an inorganic nultival ent
cation for use as a pronoter yh @ptaining nug e acid strang,.separation at
said el ectrode and at |east orie pﬁ%ner for use 1n a PCR procedure, or at

| east one priner,for use in an LCR procedur /or a polyngrase or a

| i gase, and/or nfticl eotides suitable for useealon%{z}gPCR pr oces)g‘f“ﬁ ef erably,
such kits includes a cell contajning the elﬁg%%ﬁges. Preferably the kits
include a suitabfe buffer for use in the déf¥ttton or anpl1fi tHYHFS
procedure. The invention will now be described with reference to the

fol | owi ng dr a@Pngscand exanpf@&YFigure 1 i S RF/4AYy am of - 2 hours

el ectrochenical cell used f@fomenat uration of2dPWM In Figure 1 there is

shown a cell structure 10
approx)

Thus it can be seen that in <this system a minimum
effective amount of Mg2+ as a promoter lies between 30 and 100
mM and that Mg2+ is approximately as effective as a promoter

as methyl viologen. .



conprjsing a working conpartnent 12 in which there is a body of

DNA- jMEﬂ/’” tion, a working electrode 14, a counter electrode 16, a
Fi Vac'; I HWIIWGZ'{ fit adaptor 21 and a nmagnetic stirrer 18. A
referencé etectr "0 in a separate ;ﬂéga armis connected via a "luggin"
capillary 23 to the solution in the Working conpartnment 12. The
wor ki ng -16- electrode, counter electrode and reference electrode are

connected together in a potentiostat arrangenent so that a constant voltage
i s mai ntai ned between the worKking eleééééﬁg 14 and the reference el ectrode

20. Such potentiostat arrangenents are well known (see for exanple
“I'nstrumental Methods in Electrochem stry" by the Southanpton

El ect rocherfi-st r  @XRFESSI0BET JERATHFIBE LARYLIGTSTIMGS Ayfelicctedde 14

is a circulaf; ¢ asapreabBofpeod+ohgdbaned Bi+ b coMraniaingWsaddat Qul1dd-cm at
a height of 10mM and having an overall length of 9 cminside a teflon
sl eeve of AR 46 th AReLeLHF IR (KEFS CORBFLeRFoFPHCR 88t FOdESNVeRT a

Al exander R aafarflifloqapd2®@idn 88dshhe heteeeRceceldecid odewAblis 8-2 M
pi n cal onel (supplied by BDH No 309 1030/0%); The _counter el ectrode is
supported RRE Y FHi@ts SR FXG FBrasd SPBevR-¥5*300FE FALNS
adapt or andypasERi wiow) cantettdsidie defd aultieetent2inomgbnam theibase of
t he worki ng el ectrode. The wire attaches to a.c IindU<¥%';p ati num nmesh

count er - el RFTRHE &ghIFRPLOADI T, AT HH & i S H G H9Y sur r ounds
the worki ng el et riftsceskhiss caldined usedClaint g Woklrednng eraepitésl EXAVPLE
G TS e IOHGR FIETET 106 e bl S8R0 dp Pl ke o i d 30ke
to said solution.
3. A process as claimed in Claim 2, wherein said voltage is
from -0.8 to -1.1 V.
4. A process as claimed in any preceding claim, wherein said
electrode, a reference electrode and a counter-electrode are
contacted with said solution and a voltage is applied between
said electrode and said counter-electrode so as to achieve a
desired controlled voltage between said electrode and said
reference electrode.
5. A process as claimed in any preceding claim, wherein the
ionic strength of said solution excluding said promoter is no
more than 250 mM.
6. A process as claimed in Claim 5, wherein the said ionic
strength is no more than 100 mM.
7. A process as claimed in Claim 3, wherein the said ionic
strength is no more than 50 mM.
8. A process as claimed in Claim S, wherein the said ionic
strength is no more than 25 mM.
S. A process as claimed in Claim 5, wherein the said ionic
strength is no more thad 5 mM.
10. A process as claimed in Claim 10, wherein said promoter
is magnesium ions.
11. A process as claimed in any preceding claim wherein the
concentration of said promoter cation is from 1 mM to 250 mM.
12. A process as claimed in any preceding claim, wherein the



together with the pronoter shown in Table 1 bel ow The contents of the
cel l “ﬂj mﬂm””“l 1.0V for up to 4 hours. Sanples were taken at O,
30 m\rlmlf“ﬂl .I s. from comencenent and anal ysed on 1% agar ose gel
to observé the HBegtee of denaturation.jBesults were as shown in Table 1

-17- Run Pr onot er Pr onot er Time for Concentration
conpl ete denaturation 1 My C[err] 10 nM

>4hrs 2 . L e 30 fame o 24hrs 3 "
100 v elecTgode H1f,3f sCBHRAPRoI 9914 OF REfRYAUm- 30 ng/ m

1 - 2 hoursi¥iol agerocess as (dd:add appraey) ptetedingCaldie, sea-iihat o0
this systema gi Lmum et fective aqg&gﬂ Of err]_as a propoter lies
bet ween 30 &nd>108"RRraNd=Ehat R[] ¢ g.:%[plr%xrgna?%Ty“ag'ef‘f‘EcFPb‘Elas a
pronot er assneéhgédvhotbgen. acidl8 CLAIMS 1. A process for denaturing
doubl e- st ranged pugl.ei ci,d which conprises, operating_on.sol ution
cont ai ni ng gérd %u@fé?%s cid ﬁPFﬁRg e it UhdeT2Tonaftt PBhs 25u@RoHS to
convert a sabsienti abmpevpoutreen of said nucleic acid to a wholly or
partially single,stran formuherein the solutign contains an effective
concentratiGﬁ'oanéﬁg?ggga? n ‘%2% gaﬁ?caggtgbﬁéegl“g C-aift carried ouc

at a pH of from 3 to 10.

18. A process as claimed in Claim 15, carried out pH of abous

~]

17. A process as claimed in any praceding claim, wherein the
nucleic acid is dissolved in an aqueous solution containing
a buffer whose nature and icniz strength are such as not o
intaerfere with strand separation of the nucleic acid.

8. A process as claimed in any preceding claim, wherein said
nucleic acid is DNA. ' .

18. A process as claimed in any one of Claims 1 to 17,
wherein said nucleic acid comprises a DNA strand and an RNA
strand.

20. A process as claimed in any one of Claims 1 to 17,
wherein said nucleic acid is a double stranded RNA.

21. A process as claimed in any preceding claim, wherein said
process is carried cut as a denaturing step in a nucleic acid
amplification procedure.

22. A process for amplifying a target sequence of nucleic
acid comprising hybridisation amplification and denaturation
of nucleic acid, wherein said denaturation is produced by
cperating on a solution containing said nucleic acid with an
electrode wherein the solution contains an effactive
concentration of a multivalent inorganic cation acting as a
promoter which assists said denaturation.

23. A process as claimed in Claim 22, which is a polymerase
chain reaction amplification process or a ligase chain
reaction amplification process.

24. A process for replicating a nucleic acid which comprises:
separating the strands of a sample double stranded nucleic



acti onpt er whi ch assists said denaturation. 2. A process as
cl ai Mﬂf@ﬂ ) Iivherei n a potential of from-0.5to -1.5 Vis applied
to s h respect to said solution. 3. A process as clai ned

in Qaim2, wherein said voltage is frr,gmn-0.8 to -1.1 V. 4. A process as
claimed in any preceding claim wherein said electrode, a reference

el ectrode and a counter-electrode are contacted with said solution and a
voltage is applied between said el ectrode and said counter-el ectrode so as
t o achi eveagifesnre@l ¢ohPR HARRF VB18 dg€ Ivanaee FisaRdeePEEFi-68¢ #Alitaged

reference ghgetb@deo Srhe $oPEOLERS:a8mChal NBrhd - Pigsedi Ng; ¢k aig
wherein the itonic strength of said solution_excluding said pronoter 1S no

more than QEGaWeG. SRR e R astREai HEELRASO AiLF5, %erj_e?%s? heosai d

i oni ¢ stregatBoh&clackBEe Pramek0HEd nibrid) JEHGRSES ag: Claagedohp Skaim

5, wherein the said jonig streggth_l s _no nore than 50 nM 8. A process as
cl ai med i n *LAITRIRENGHh R Bi FRBNECERTYTRENTESE A s TR MRSt sHaG 28 mM

9. A proegsendscel arBBAckno€l eha) &r el @irindie wedicth Lensassieeagkhyis no
more than 5 nM_ 10. rocesg as_claimed in Claim10, wherein said pronoter
i s magnesi GRAMPIREENFRIYATH GEEsSEReCTar Tt T HRAMf prise 8¥TG -G &FTEwRer ei n

the concentyvaizii@lsef GmefePl NPt @ndCajdratradsiid oond o terPb0erend2eonA

process as cl ai ned i.n_any grecedi ?qjod aim. wherei tbe_ wl,.eq;troq_e i.s of
carbon, golfFMSH afFRlm T4, “UCHTHeSS S EFATASd ThoAny hreteding 8l ai m
carri ed outhyairiaitssgperat unbtheéss thean ddmemeldn neprmiiurt oWwhelreicoukihe-

solution contains an effective concentration of a multivalent
inorganic cation acting as a promoter which assists said
denaturation.

25. A process as claimed in Claim 24, which further involves
repeating the procedure defined in Claim 24 cyclicly.

26. A process as claimed in Claim 24 or Claim 25, wherein the
hybridisation step is carried out using two primers which are
complementary to different strands of the nucleic acid.

27. A process as claimed in any one of Claims 24 to 26,
wherein the denaturation to obtain the extension products is
carried out by applying to a sclution of the extension product
a voltage from an electrode.

28. A process as claimed in Claim 24, for amplifying at leas<
one specific nucleic acid sequence contained in a nucleic acid
or a mixture of nucleic acids wherein each nucleic acid
consists 6f two separate complementary strands, of equal or
unequal length, which process comprises:

(a) <treating the strands with two oligonucleotide primers,
for each different specific sequence being amplified, 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 substantially
complementary to different strands of each specific sequence
such that the extension product synthesised from one primer,

when 1t is separated from its complement, can serve as 2



sTrZU lc acid. 14. A process as clained in daim13, carried out
at m”//g'}g!ﬂ / eratures. 15. A process as clained in any preceding
clai mf carriedy a pHof from3 to 10. 16. A process as clained in

Claim 15, carried dut pH of about 17._A process as clained in any preceding

claim wherein the nucleic acid is dissolved in an aqueous sol ution
containing a buffer whose nature and ionic strength are such as not to

interfere wglhigtear tiaqn of the nucleic acid. 18. A process as
clained in any precegfﬁ§%§€§%ﬁ‘§mﬁeréPﬁ sa&i~g@rsuchecccdcid £s DA -19,- A
process as BF~&e&Fed in any one of Claims 1 to 17, wherein said nucleic acid

conprises gNAgabhaaadid ; Sstrand. 20. A process as clained in any
one of Claims 1 t% 17, w%grgﬁﬁRgérdmﬁucleﬁt%&ﬁ%&“isﬁécéGGDBe steandega RNA.

21. A procé@@PéétéﬁaHﬁaYQQFﬁuﬁhiﬂennxbngyntaéﬁls@@eegig:§@Lgep;pggss S
carri ed outsza&naeaemauaehmasswpai;elaiﬂgcg%&ﬁgig' anplificalron protedure.
22. A process for anmplifying a‘target s quence“fﬁ Ut eide §ékgzconmprising
hybri di sat O ARBFFEPRaPHERUARIVIRARE Or B¢ ore @t = yre e s ae &cn\e!ee.t.si Q. said
denat ur at | Q¥ dezdivRJUEST-dyroReiaki & 0f %@ygﬂyggygéxnuéupiqg_sai nucl ei c
acid with an_electrode wherein _the solution contains at - efF&EtFve
concent r at XTGP @S BRPHCHTE i97%6T FETc SBRIGH-L0 Ridas a pronoter whi ch
assi sts sai(¢)dengledtdligOnthd3siAgRECEeEanaABAC md 1B Idy QG@hdl 22,4 WaLCh TS a
pol ymer ase qhalq reagtlon‘gnpllflcgtlop grocess or a ligase charn re88ti on
anpl i fi cat i hrFleds- 24NN JTHREEY PorSFEBI (Bdt FRGeE FasRétéonsi guwhich
conpri ses: wWeymEAbrigetrhextenyids ecdusyilse sdeithes isedandedgndakai 5«
the single strands produced in step (b) as a tamplate.
29. A process for amplifying a target sequence of nucleic
~acid comprising cycles of hybridisation and denaturation of
nucleic acid wherein said denaturation is produced by
operating on a solution containing said nucleic acid with an
electrode, wherein the solution contains an effective
concentration of a multivalent inorganic cation acting as a
promoter which assists said denaturation.
30. A process as claimed in Claim 23 for amplifying a target
nucleic acid comprising the steps of:
(a) providing nucleic acid of a sample as single-stranded
nucleic acid;
(b) providing in the sample at least four nucleic acid
probes, wherein: i) the £first and second of said probes are
primary probes, and the third and fourth of said probes are
secondary nucleic acid probes; ii)} the first probe is a singl
strand capable of 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; 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, when
said probes are hybridised to said primary strand of said



=20- acid in solution under the influence of an electrical voltage applied
to tf,ﬂ‘ﬂ,’lﬂﬂﬂl’ﬂ}uu n el ectrode; hybridising the separated strands of

t he : i ﬂﬁﬂ"ﬁ | east one oligonucleotide primer that hybridi ses
with at least 'Bne of* the strands of thﬁ denat ured nucl ei c aci d;

synt hesi si ng an extension product of &~or each prinmer which is
sufficiently conplenentary to the respective strand of the nucleic acid to

hybri di se therewith; and separating the or each extension product fromthe
nucl ei ¢ aci 8asgeandydlieighiadid:t w3 hyhei disbrd tarohsbt disn capebbat efgi on
product whgLglkhas sghut.i,an zgoat.aiy n effectjv nesniLation of a
mul tivalent T nor%a%nbggcg%i 1é‘)#\‘gact"l'%g aé}%g%r (;%rrr’t)d?e‘r} )\/\fﬁﬁ 'écgg s‘?sé‘s i *+s
denat ur at i of@PaBle Aofr bybrsidisingaraedhensecant 220b@hi éhdf urt her invol ves

Ciaimed T A SReareary) pogontim Bl W kR ind A el o
out using t¥&TPr AkEdeighi aeidr éncoRdicerrannk; t 61di figaaingst hycisd ded he
Wherei n {heConatur S aa o Shia M TRe Sxr s rancer cachieestl A Sl by
appl yi ng t 098n8ELEENENDHR Ehe S@iCeFAMER SpRat RRP Iy WS (Bigeck ¥age afrom an
el ectrode. 28ecfr-BaECeSS athe! 2bBBRibA Giaifz2d, ffea i tRENO-&lcigast
one specific nucleic acid sequence contained in a nucleic acid or a m xture
of nucl ei ¢ BEKTLTRNEPBERLIBECARNBCFEFEL%R | GPRBRRFIREION P SBphFsfalent
conpl enent aiyosganndscatiocfguakiay HBeduatoherekhfovhsahdPEREaSSEQAPT | Ses:
(a) treatin81the st rands mﬁéh FﬁntongonycI%Ptidetfrinersz fOL each
di fferent speciffc RREESTcePei RETERPENTi &G RRRFENTHJPTi 3RSe8GRh Athad for
each differeptdacgumnaedbenaglagpl i keed asegubfnsi odnpr adusimpeie eaghy gf i mer
's synthesi sgd WhLeh .| § et RIS TR A" onpd LUNMEI SLE AL SILANG wherein
by means of a voltage applied to the sample in a solution by
means of an electrode, wherein <the solution contains an
effective concentration of a multivalent inorganic cation
acting as a promoter which assists said denaturation:;
hybridising the denatured nucleic acid with an oligonucleotide
probe for the sequence; and determining whether the said
hybridisation has occurred.
32. A kit for use in a process of detecting the presence or
absence of a predetermined nucleic acid sequence in a sample
which kit comprises, an electrode, a counter electrode and
opticnally a reference electrode, an oligonucleotide probe for
said sequence, and a source cof inorganic multivalent cation,
for use as a promoter in obtaining nucleic acid strand
separation at said electrode.
33. A kit for use in a process of nucleic acid amplification
comprising an electrode, a counter electrode and optionally
a reference electrode, and a source of inorganic multivalent
cation, for use as a promoter in obtaining nucleic acid strand
separation at said electrode, and at least one primer for use
in a PCR procedure, or at least one primer for use in an LCR
procedure, and/or a pclymerase or a ligase and/or nuclectides

suitable for use in a PCR process.



sai d i cted so as to be substantially conplenentary to
di fftggm’ﬂﬂﬁlﬂﬂﬁﬂig ﬁeach speci fi c sequence such that the extension product
synt L s primer, when it is separated fromits conplenent, can

serve as a tenpl ate for synthesis of the extension product of the other
primer: (b) separating the primer-28x%tension products fromthe tenplates
on which they were synthesised to produce single- stranded nol ecul es by
applying a voltage froman electrode to the reaction m xture wherein the

reacti on mgxtur i ef | VA& ncent r at LR, i nt

i nor gani crr%:%(t'ti oArel gctl nggzségrprgoﬁéel\r/ﬁf%#) s“é’ila d g%%%?é??oﬁ?%%i‘%{%&w
treating tmeckedgl eacid andsyansbecGRBETESABLat SPDEGRINEp § b) SOivhiche
primers of step;; u Sondidd - 5 LoQgQr educt
e oynt hesT ae g L B o O Sy R P P L09aR 85,
tenpl ate. P34Se /OPr BEc8RCPVFAGAPFREYi AEne2Ldinet sequence of nucleic acid
conprising cycles of hybridisation and denaturation of nucleic acid wherein
said denaturation is produced by operating on a solution containing said
nucleic acid wth an el ectrode, wherein the solution contains an effective
concentration of a nultivalent inorganic cation acting as a pronoter which
assi sts said denaturation. 30. A process as clainmed in Caim23 for
anplifying a target nucleic acid conprising the steps of: (a) providing
nucl eic acid of a sanple as single-stranded nucleic acid; (b) providing

in the sanple at |east four nucleic acid probes, wherein: i) the first and
second of 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 hybridising to a first segnent of a primary strand of the
target nucleic acid; iii) the second probe is a single strand capabl e of
hybridising to a second segnment of said primary strand of the target
nucleic acid; iv) the 5 end of the first segnent of said primary strand of
the target is positioned relative to the 3' end of the second segnent of
said primary strand of the target to ena pef oining of the 3 end of the
first probe to the 5 end of the second obe, when said probes are
hybri di sed to said primary strand of said -22- target nucleic acid: V)
the third probe is capable of hybridising to the first -probe; and iv)
the fourth probe is capable of hybridising to the second probe; and (c)
repeatedly or continuously: i) hybridising said probes with nucleic acid in
said sanple; ii) ligating hybrdi sed probes to formreorgani sed fused probe
sequences; and iii) denaturing DNA in said sanple by applying a voltage
froman electrode to the reaction mxture, wherein the reaction m xture
contains an effective concentration of&glxgit'valent i norgani c cation
acting as a pronoter for said separation. « + A process for detecting the
presence or absence of a predetermned nucleic acid sequence in a
sanpl e which conprises: denaturing a sanple doubl e-stranded nucleic acid
by neans of a voltage applied to,the sanple in a solution by nmeans of an

el ectrode, wherein the solution gontains an effective concentration of a
mul tival ent inorganic cation acting as a pronoter which assists said
denaturation; hybridising the depatured nucleic acid with an

ol i gonucl eoti de probe for the sequence; and determ ning whether the said

hybri di sati on has occurred. 32. kit for use in a process of detecting the
presence or i 5?
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absemed of a predeterm ned nucleic acid sequence in a sanple which kit
conprises, an electrode, a counter electrode and optionally a reference

el ectrode, an oligonucl eotide probe for said sequence, and a source of
inorganic nmultivalent cation, for use as a pronoter in obtaining nucleic
acid strand separation at said electrode. 33. A kit for use in a process of
nucl eic acid anplification conprising an el ectrode, a counter el ectrode and
optionally a reference el ectrode, and a source of inorganic mnultival ent
cation, for use as a pronoter in obABSTRACHucl| eic acid strand separation
at said electrode, and at |east one prinmer for use in a PCR procedure, or
at | east one priner for use in an LCR procedure, and/or a polynerase or a
l'i gase and/or nucl gqt I9IEI\ﬁ' @FPﬁBmTqueA -23- 34. A
process for anneal I I ng tvvo rru J(I;XII\EI n-gﬁxjg clelc "acid strands
conprising subjecting a soluti a|n|n 'd strands to a positively
charged el ectrode to cause or to encourage said anneal | i ng.

A process is described for denaturing native double-stranded nucleic
acid material into its individual strands in an electrochemical cell. The process is
an electrical treatment of the nucleic acid with a voltage applied to the nucleic acid
material by an electrode. The process employs a promoter which is an inorganic
multivalent cation such as magnesium ions to speed denaturation. The process
may be used in the detection of nucleic acid by hybridrising with a labelled probe

or in the amplification of DNA by a polymerase chain reaction or ligase chain
reaction.

(Figure 1)



