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include the use of helicase enzymes such as Rep protein of

"E.coli that can catalyse the unw:LndJ.ng of the DN2A in an
unknown way, or binding proteins such as 32-protein of E.coli
phage T4 that act to stabilise the single-strandéd form of

20 DNA. The denatured single-stranded DNA produced by the known
processes of heat or alkali treatment is used commonly for
hybridisation studies or is subjected to amplification cycles.

Such separation is a prerequisite of a number of proto-

cols involving the in vitro manipulation of nucleic acids, one

25 example of which is a reaction that prodﬁces multiple copies
of target sequences of DNA and which employs 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

30 separation is normally effected by heating the sample to
approximately 95°C. The removal of the need to heat the
sample would provide a number of benefits. For example, it
allows the design___.__g_ﬁ_ compact and readily controllable

apparatus, and the use of higher fidelity mesophilic enzymés.
35S
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35 PCR 6£afétlletn:ﬁfcéheaéhﬁtar\é@mrﬁﬂ@é@ﬁﬂbed " (Weg 2P6£476 N€ single
- strands accumulate in solution and their utility and integrity
1s confirmed by subsequently performing PCR.
In WO92/04470 electrical denaturation of DNA was carried
20 - 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,
situated in a side chamber which was connected to the main
25 cell by a capillary tube (see Stanley C.J. et al, J. Immunol.
Met_h. [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.
The presence of NaCl in the reaction delayed denaturation.
30 In W092/04470, a PCR reaction is conducted in which there
are repeated denaturation operations conducted using the
electrochemical cell described with intervening amplification
;__stages. The denaturation stages are each conducted for a
' period of five minutes or longer and the total time for the
35 PCR reaction is therefore very extended. Furthermore, the
conditions under which the PCR reaction was conducted in



COﬂdltPOﬂS under which the PCR reacti-on was conducted in PCT/ 00975
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millimetres.

15 An improved method is described in W095/25177 in which
a solution containing said nucleic acid is subjected to a
- voltage applied between electrodes which approach to within
1.5 mm of one another in said solution. This results in a
substantial increase in the rate of denaturation such that
20 WO95/25177 contains examples in which complete denaturation
of DNA is achieved within 1 to 2 minutes in comparison with
denaturation times of at least 25 minuteslusing the electrode

set up of W092/04470.

It is indicated in WO095/25177 that rather than simply

25 turning the electrical field on and off when conducting PCR

-using thg apparatus described there, one may optionally

reverse the field. In W095/25177, this reversal of the field

is seen as being merely an equivalent to turning the field

off. 1In Application GB96139803, periods of zero voltage are

30 used in combination with such field reversals, to further
improve the process.

Although the process of Application W092/04470 can take
pPlace in a solution containing only the electrode and the
'nucleic acid dissolved in water containing a suitable buffer,

35 - the process can be facilitated by the presence in the solution

containing the nucleic acid of a promoter compound. Methyl



Al t hough the process of Application W92/.04470 can take place in a solution
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15 as promoters in such a system with approximately the same

efficacy as methyl viologen.

It is thought that large cations such as Mgz; are able
to act as a bridge between a negative electrode and negatively
charged regions of the double-stranded nucleic acid. '

20 As described in GB9614544.6, it has also been found that
lithium ions can also promote denaturation.

The concentration of said promoter cation is preferably
from 1 Mm to 50 Mm, more preferably from 5 Mm to 20 Mm, e.g.
about 10 Mm. S

25 The rate and extent of denaturation obtainable in such
electrochemical systems depends on a number of. factors,
including the medium in which the nucleic acid is present.
Processes used in molecular biology such as nucleic acid
hybridisation assays or amplification procedures like PCR are

30 conducted in media containing a buffering agent to maintain
optimum Ph for the reactions involved. However, the presence
of such a buffering agent is generally adverse to the electro-
chemical dehybridisation of nucleic acids. This-is to some
extent overcome by an appropriate choice of promoter, as

35 described above, but it would be highly desirable to develop
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15 to permit disassociation to proceed when compared'with Tris-
HCL. |

Furthermore, the buffers may be used to permit the dis-
association of other interacting molecules, especially
biomolecules,: under the influence of an electrical voltage.

20 The type of interaction between the molecules may in particu-
lar be hydrogen bonding. .

The mechanism by which the buffers used according to this
invention permit or encourage disassociation is not at present
fully understood. It may be that disassociation is caused by

25 a local change in pH in the solution in which the electrodes
are immersed, such a change occurring in a microlayer adjacent
the electrode surface and producing acid conditions at the
positive anode and alkaline conditions at the negative
cathode. This would be consistent with the fact that DNA can

30 be caused to denature by both acid and alkaline pH. Buffers
permitting the temporary and local generation of a relatively
low pH, i.e. those which themselves have a pK,; which is
relatively high may allow the necessary pH change to occur
when other buffers having a lower pK, would prevent it.

35 Buffers show maximum buffering capacity when the pH of
the solution is the same as the pK, of the buffer: as the pH
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15 the buffer into the nucleic acid double helix which is respon-

sible for encouraging or permitting denaturation of double-
.stranded nucleic acids and that by virtue of either the
_spacing between the_charges'or the presence of the cyclohexyl
ring; the preferred buffers described herein are particularly
20 suited to use in such systems. A combination of these
mechanisms may be acting simultaneously.
Accordingly, the present invention provides a process for
disassociating interacting molecules, comprising subjecting
a liquid containing said molecules to an electrical voltage
25 applied between electrodes under conditions such as to wholly
‘or partially disassociate at least a proportion of said
molecules in the presence of an electrical disassociation
permissive buffer which is more disassociation permissive than
Tris-HCl. _
30 The molecules may be biomolecules and in particular may
be nucleic acid molecules associated by hybridisation (so that
said disassociation constitutes denaturation of said hybri-
dised nucleic acid molecules) or one of said interacting
biomolecules may be an immunological binding partner of the
35 other of said biomolecules. Yet again, one of said inter-
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15 be related By way of example, the buffer CHES is particu-
larly preferred for use with "Vent" polymerase, but buffers

with higher PK,’'s such as CAPS or CAPSO may be a more appro-

priate choice with enzymes with higher pH optima such as Bst

DNA polymerase from Bacillus stearothermophilus (pH 8-9),

20 "Deep Vent" (New England Biolabs) from Pyrococcus sp (pH 8.8),
Dynazyme II DNA polymerase (Finnzymes Oy) from Thermus

brockianus (pH 8.5), Tag DNA polymerase and derivatives from

Thermus aquaticus (pH 8.8), or T4 DNA polymerase from
bacteriophage T4 (pH 8.8).
25 The buffer is preferably CHES, CAPS or CAPSO. The PK,

values of these buffers are quoted in the literature either
as working values or as back corrected thermodynamic values,
which are a little higher. 1In relation to the preferred
ranges of PK, quoted above, regard should be had to the

30 thermodynamic values which are: CHES 9.41, CAPS 10.51 and
CAPSO 9.71.

The formulae of CHES, CAPS and CAPSO are shown below:-
CAPS

35 | NH /\/\s%H

A
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20 "Deep Vent" (New Engl and Bi ol abs) from Pyrococcus sp (pH 8.8), o
Dynazyme |1 DNA pol ynerase (Finnzymes Oy) from Thernus erﬁ&{ god1 8 5),
Taq DNA NGP?Hﬁﬂgge and derivatives from Thernus aquati cus (plégggg, or T4
DNA pol ynerase from bacteriophage T4_gpH 8.8). 25 The buffer is
preferably CHES, CAPS or CAPSO The pKa values of these buffers are quoted
inthe literature either as working values or as back corrected B

t her nodynanmi ¢ val ues, which are a little higher. In relation to the
preferred ranges of pKa quoted above, regard should be had to the 30

t her nodymoego val ues which are: CHES 9.41, CAPS 10.51 and CAPSO 9.71. The
formul ae of CHES, CAPS and CAPSO are shown below - CAPS [err] 35 WO

98/ 44100 PCT/ GB98/ 00975 -8- CAPSO 5

[err] Preferably the buf&N8r~To f nmore®da@ having a 20 negative
charge separated froma ppsitive charge by a distance of from0.75 to 1.5
times the distance betwe such chayges in CHES, CAPS or CAPSO nol ecul es.

Preferably al so the buffer has a nBHety able to intercalate into
doubl e- stranded nucl ei cjaci fls, e.g. a cycl ohexyl substituent. 25 The
process is preferably c cted in froma 5 to 10 mM concentration of said
buffer. It will be understood that the nucleic acid or other nol ecul e does
‘not have to be dissolved in the solution con- taining the buffer but may be
i jlised to a solid phase 30 i mrersed in the solution. Thus,
prefierably, according to the invention, the single-stranded nucleic acid or
ot her rel@®&%®d nol ecul e produced is free fromthe electrode, e.g. dissolved

SO,H
NH»/”’J\\‘~¢//

¢

' Pteferably the buffer comprises a molecule having a

20 negative charge separated from a positive charge by a distance
-of from 0.75 to 1.5 times the distance between such charges
in CHES, CAPS or CAPSO molecules. Preferably also the buffer
has a moiety able to intercalate into double-stranded nucleic
acids, e.g. a cyclohexyl substituent.
25 The process is preferably conducted in from a 5 to 10 mM
concentration of said buffer.

It will be understood that the nucleic acid or other
molecule does not have to be dissolved in the solution con-
taining the buffer but may be immobilised to a solid phase

30 immersed in the solution. Thus, preferably, according to the
invention, the single-stranded nucleic acid or other released
molecule produced is free from the electrode, e.g. dissolved
in tég solution. However, a nucleic acid may be immobilised
o;wghe electrode or another surface in the cell or a coating

35 on the electrode in double or single-stranded form prior to
the application of the electric potential, e.g. attached by



in the solution. However, a nucleic acid may be innDbiIiseq%ﬁp #ég% .
el ect r,odeworosmamoher surface in the cell or a coating 35 G gPéct rode

in double or single-stranded formprior to the application of the electric
potential, e.g. attached by PCT/ GB9B7 00975 WO 98/ 44100 -9- the end or a
smal | portion internediate the ends of the nucleic acid chain or throdgh a
|l i nker nol ecule, so as to | eave substantial segnents of the nucleic acid
nmol ecul estheeedyd perdasnt suaild t bertlient rintcesmedhatebdaflr eends abf ethe

denat urat i.Qn. :The porti .Of e |.C .acgy ' IS taghed is
pr ef er abl ?Bg%glglae‘g 4 cRgif h‘;eppﬁfrlgégéhbf ﬁ]%l‘g%ﬁmbﬁ%‘:%&&t i%% 26 %a
el ect rode lga¥ea subatantdpdct seguentsr aifer thee neleicd@diy poleowlas ed

with sai df%%qg'r %ﬁ&%&ofroﬁl “Hd agfe SBYohE 20RIFRE HSIMERD lag'gda (R4l rode

and sai d count ectrode so as to achieve a desired control vol t age

bet weén s&edaEEAtiRTe afihes R T Qh ddhe nGl&id achc kY shiids #8) be

connect ed ay-azHedl &1 | pEbFerablslidneiSséFedtodn forr i ShEEHOSENBH Gie art .
15 Preferably, a potential of from-0.5to0 -1.5 Vis applied to said
wor ki ng eM&&rode with respect to said reference el ectrode, nore -preferably
from-0.8 to -Irl addi¥tionaboutsaidl gl etk amd eheconatiervellisagaode,

relative L0 LILUSRES Alettirdfe mdy YEBHAE AL IIH YA Uordh Id, Teaour ed
or as actualy neasured relatlve acéﬂome referenceee(?tro ert No.
309. 1030. @2)voThage @@y obel |applied pbetwesnnesaid edegitorsie ushdg saitdree

oLt oce S A dlerkant dregy bES | RMIRRLON 0dr 28 comNAy 1!
i nvent i on el tagg (between spidrelessrogeeandefandy redeyenss eleqtrodr
[err]l or HiRs eleéttrodd® UhaySbbetbhhet8edOblehr ot eWiabatsitn G waiys 5 N |
re?CFlon\gglﬂggaéﬁiﬁr%ﬁekéggbtrochemical art.

15 : Preferably, a potential of from -0.5 to -1.5 V is applied
to said working electrode with respect to said reference
electrode, more preferably from -0.8 to -1.1 V, e.g. about -
1.0 V. ,

'Working electrode voltages relative to reference elec-

20 trodes aré given throughout as if measured or as actually
measured relative to a calomel reference electrode (BDH No.
309.1030.02).

Thus, optionally, the process may be conducted using a
three electrode system of the kind described in W092/04470 but

25 ggnerally it is'preferred.that the volume of solution employed

according to this invention is small e.g. 1 ml or less, pre-

ferably very small e.g. 100 ul or less, e.g. about 25 ul to

40 pl. When using very small reaction volumes of this king,

it will generally not be practical to use a three electrode

30 system. Thus, typically, a voltage will be applied between

two electrodes and will be measured directly. Voltages given

herein for two electrode systems are given in this way and not
with reference to a calomel electrode. '

A further alternative preferred form of cell comprises

35 a pair of platinum plate electrodes separated by an elastomer

sheet containing a cut out defining the cell cavity.



it will generally not be practical to use a three electrode 30 system
Thus, typicall a voltage will be applied between two el ecrasB98®09Isd will
be neasuW@t?“’dT‘%@ctly. Vol t ages given herein for two el ectrode systens are
given in this way and not wth referefge to a calonel electrode. A further
alternative preferred formof cell conprises 35 a pair of platinum_plate
el ectrodes separated by an el astoner sheet containing a cut out defining
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is prefer Sgafﬂga@g 3 o\P #t“fa% ?d‘d‘ giwgnce of from0.5 5 to 3 volts
tro |

bet ween t fferences above 3 volts seem.to inhibit
denat ur ati on oﬂtplgm%fﬁélj?@d’a?@&?]éf @haeéﬁasﬁed&ééﬁgm PhvEFEBdOhEre i s

presestlthnbnOMtsHBé‘éﬁééhlf{hetélpe@w@@és Iwmt@ﬂfﬂérénﬂébtabév@f 1.5
to 2.5 volts neasured as a,volta i erence betwe trodes

ge d|f u kg é) d g .
If there PsVRLESatISRP drP t HRhUPLE ASRRTUFRE*RBp T (?Vd?? CTRTREGENRPAl | y
need to balth@t@asetdxet @anhamrm«atmﬁoﬂrvedld'lmtagepdespna&yosamlm&:moati ng.
Optional |y, c I at | 1 | atel Qneusi ng
& constant cur PARECRANAY R EFoaaY 45 conpdergdlar 3 voltaes B 21
serve to tonpRrsaveltsr measuEbnas| A t@tﬁﬁm@%féarew etoreemethe

el ecyipodegjRetvueen different denaturation or disassociation operati ons.
Where a constant_current regine is enployed, it wll 28 ener al |
preferable to dde Bhererdm af cOASHNSD o8 ¢ [eFeFhrode ufPP Getdo 125

[err] A | RAaddidd W11M0 gl rai1tif} W@erdr gaDber mErGB%MEMchpengamy ferpl oy
a pronoter cor:/p und such as neth 1>1/| ol ogen as described in W92/04470 to
produce nomE r AR 'exte %68

Opt:\.onally, one can conduct the denaturation or dis-
15 association using a constant current supply rather than a
regulated voltage and this may serve to compensate for
variations in the geometrical set-up of the electrodes between
diffe_'rent denaturation or disassociation operatiomns.
Where a constant current regime is employed, it will
20 generally be preferable to use a current of from 80 to 160 uA,
e.g. about 100 to 125 pA.
| In addition to the lithium promoter of GB9614544.6, one
may employ a promoter compound such as methyl viologen as
described in W092/04470 to produce more rapid disassociati_on
25 or denaturation. Other promoters are described in W093/15224,
i.e. multivalent cations such as magnesium. Other multivalent
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
30 ligands, e.g. Pt(NH;)** and Cr(NH3)é2+
For nucleic acid denaturation such a promoter may be any
inorganic or organic molecule which increases the rate or
éxtent of denaturation of the double helix. It should be
soluble in the chosen reaction medium. It preferably does not
35 affect or interfere with DNA or other materials such as
| enzymes or oligonucleotide probes which may be present in the



25  or denaturation. O her pronoters are described in W)9§4.1]7§ é} oby .
nul ti val WO 9YMWOBNs such as magnesium O her nultivalent c ﬁhlch are

ef fective and which can be used incluyde | anthanum (La[err]). The cations
used as the pronoters may include inoryganic cations conpl exed with

I norgani ¢ or organic 30 ligands, e.g. Pt(NHerr])[err] and . -
Cr(NH[err])£err] For nucleic acid denaturation such a pronoter nay be any
i nor gani cS@rubigani cAkberoakivehyechthacprageserhaayabe dmmohichised to

denat ur atpn ;@i doyh! & Péffal £+6mS Rislch bengoldiRl ddud hasch<9§§n

reaction nedium It preterably does not 35 affect or interfere wth DNA
or other §BF8FFefs such as enzymes or ol igonucl eotide probes which may be

present in theThe E@A@%ﬁé@ogzamw@e%fn%l% &Olwla'ftle(inso&hilﬂrdlaécbﬁt‘ﬁ&n‘hdt he’
pr onof er nnngﬁi ﬁ t.0 or nclgﬁﬁﬂ_ n irlal fromwhich t h ﬁ

el ect ode }E%rplps)frr ¥ FErifs a8FPEC Yo PolibPePIRBySHER A Rt 2% br ubl e
conpound ﬁlologenhertn mer]mj)tthe&eblfes , Whipsti théymechamwi sgent symdvasiont hyl -
vi ol ogen I n f such

pr om)?er s8?s§8?§s§llq y no k\r%\éf %@ﬁ{f@é‘ {(ﬁmﬂg wﬁe |evelc)fh-f¥|at the
p05|t|verSchginYadcﬂh@@nthel@@@mﬁiwaﬂxw@hﬁrgedmﬁénlpnennegalecelys

char ged NYALEEGCACHELINER Rhellegabhlieaf it diRHGhI IRl %&egu&ﬁt hgde to

reduce el ectrostatic repul sion thnere bet ween and hence to pronote t

appr d8ch BNA; a@d mtn@qa@\@létphaaseéuﬁasbe%eper%e%@mtm%tm:ecd is
at its st Eé@ﬂ@%honAQQﬁ:@B’é}:'wéerp%d)rwé&ééedoo &bmates the PPyads of

D1 pol ar - B6Si BRbeltp Ehmarpeetode iRiErase B 5, S tSina botbet feen
t he positigehy d:bargerlongatstes Aecmrdrihglyt Oonéapreﬁerreaogpason fkheb
2ut LoDl e gphageas SkPErs SMIGHA MSng pb3RRORI V9L 99°0ha 201
pr ef éPabl gensresre t Bag.250bipplapr e preitively nocharged hancadwpoutvdsAs it
has Preferably the spacing between the positively charged centres
is similar to that in viblogens. ‘Other suitable viologens
include ethyl-viologen, isopropyl-viologen and benzyl-
viologen.

20 The ionic strength of said solution is preferably no more
than 250 mM, more preferably no more than 100 mM. As it has
been found that the rate of denaturation increases as the
ionic strength is decreased, the said ionic strength is still
more preferably no more than 50 mM, e.g. no more than 25 mM

25 Oor even no more than 5 mM. Generally, the lower the ionic
strength, the more rapid is the denaturation. However, in
calculating ionic strength for these purposes it may be appro- .
priate to ignore the contribution to ionic strength of any
component which acts as a promoter as described above.

30 The electrode may'be a so called "modified electrode® in
which the denaturing is promoted by a compound coated on to,
or adsorbed on to, or incorporated into the structure of the
electrode which is otherwise of an inert but conducting
material.

35 A first preferred form of electrochemical cell for use
in this invention is described below which uses a carbon rod



been found that the rate of denaturation increases as the ionic strength is
decreased the said ionic strength is still nore preferablpey@pidiosrd han 50 -
mVv e.qg. B 9480t han 25 mM 25 or even no nore than 5 nM Cenerally, the
| ower the |on|c strength, the nore rapjd is the denaturation. However, in
calculating ionic strength for these purposes it nmay be appro- priate to

I gnore the contribution to lonic strength of any conponent which acts as a
pronot er trode ngy be a sq called
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plastic materials ma rovi mul t1 ple nu
tion expeMiFEREdtae cﬂlﬁe%. 95 s o5beat imardatt pHnshermpiermescty asimic be

carried oubtefrial@AmByPBeoEcUEaRar fof BultipléMiEeic NI FenAQlfhStrand
sepaigtloglony ggpggg&eggso%grlgtger' disassociation reactions. The
reactin may be carried out on a damp porous- member, e.g.
filter paper. o
Nucleic acid strand separation may be carried out in an
aqueous medium or in a mixture of water with an organic

20 solvent such as diﬁethylformamide The use of polar solvents
other than water or non- polar solvents 1s also accepted but
is not preferred. The process may be carried out at ambient
temperatures or if desired temperatures up to adjacent the
pre-melting temperature of the nucleic acid.

25 The denaturing process carried out on nucleic ac1ds
according to the invention may be incorporated as a step in
a number of more complex processes, e.g. procedures involving
the analysis and/or the amplification of nucleic acid. Some
examples of such applications are described below.

30 The invention includes a process for detecting the
presence or absence of a predetermined nucleic acid sequence
in a sample which comprises: denaturing a sample of double-
stranded nucleic acid by means of an electrode; hybridising
the denatured nucleic acid with an oligonucleotide probe. for

35 the sequence; and determining whether the said hybridisation



agueous nmediumor in a mixture of water with an organic 20 sol vent such
as di net wo 9suare0ni de.  The use of pol ar sol vents ot her thaRCHGBIBOTS

non- pol ar solvents is also accepted but is not preferred. The process nmay
be carried out at anbient tenperatu?%%'or if desired tenperatures up to
adj acent the pre-nelting tenperature of the nucleic acid. 25 The
denat uring process carried out on nucleic acids according to the invention
may be ihasrpocatededs awheseinn dumimger denamxxatcbopl ekher osedstdore. g.

procedurgéFLQXB vgngﬁ&gggﬁﬂ§%¥§is and/ or the anplification of nucleic acid.

Some exanpl es” of suc tions are described bel ow. 30 The
i nvention i ncThuss therooeented Preeestthay aprl iraciprdDDONOSRT RN a

predet er gi,pedqaueheich FhteSEMISACLELS dortd Bl Suaht& N £ ¥B HeS haetiniat uring
~a sanpl e _0f double- stranded nucleic acid by neans of an el e¢trode;

hybr Pdi sEAGSt ReIde SREGIEE A & PAFGIFWAN WIINEFBNOE| EBEFAE LS Sie F or 35

the sequpaeeicandrdhkeeditiayy Wiscase bifewhdich Bikkld s@liloanaemd@ 3% 44100
PCT/ GB98/ 00975 -33- hﬁs gccurEed, mherﬁLn during denat yrati.on the sol ution
cont ai ns?8 SEPHPBErf ef© FREECCt ReSPRVEAEEISHRYEESS Rhs tEpprrES PGTSST DNA
and RNA bplbyi dios prepansher aaanplpeaff iDNAyemrasfepanty of porhi€ieddeons, 5
fied e.g cief.ic Lty r i s |Li _particul ar
hereditapﬁgggsgégewogc%hggﬁ gﬁgkﬁé @%??Haaggﬁﬁaﬁggggé é?gﬁ%ge%%r?ﬁuﬁﬁfect a
speddfi c fogguentle is ther inesiesRRIns LosgPRVES thitiisadoubleamtinarsiedDiINA -
preferably of; réig@#daﬁa@a FB2RS He%z\@'&hhe,b%im@e&,iamg@egswaeh“aé lve
doubl e- st randed 10 orm_ It is then necesSary to_convert the

doubl e- steRfde@DIRICAG ¥R REARHMRICE BT ha T EPEPACREBEREYs SSenRep

with a | zkeldmed DN spbpTe paabeanki plldves a THEPEEARBh2ARY i 8adyRed® t he
DNA sanpl cqan t.ake place. The denatur téo rocgssoof the |nver}t|on gan be
used f of i ST HGIFIGR £ R tae 167 TRNRGPIEHORR: M Ay BFRL SRS
f ol lGw nerasineps by carxieimy ushingelze sBoplewbhgDNAels :appl yi ng a vol t age by
- denaturing a sample of DNA by applying a voltage by
means of an electrode to the sample DNA in contact with
a said buffer in solution; '
- hybridising the denatured DNA with a directly labelled

20 or indirectly labelled nucleotide probe complementary to
the sequence of interest; and _

- determining whether the hybridisation has occurred,
which determination may be by detecting the presence of

_ the probe, the. probe being directly radio-labelled,

25 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

‘30 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-

35 stranded form before binding to the membrane or it can be

treated with alkali once on the membrane to ensure conversion



means of an electrode to the sanple DNA in contact with a said buffer in

sol uti on; ridising the denatured DNA with a directl 20
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or indire | I ed nucl eotide probe conplenmentary to the sequence of
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on a surface. _ The surface having the speci |gonuc | de ereoR i s

t hen' hybr ISisBe vt ¥rrded| GPrBn adfital nvhgchhe saqend phabphlad oligo-
singl e- st masdesbd LaeN i 9fd1eén Whdg8d awReERNE1E8PRYbedd9ked0to the target

15 DNA. The surface is then washed to remove unbound labelled
oligon.ucleotide, after which any label which has become bound
to targét DNA on the surface can be detected later.

This procedure can be simplified by using the disassocia-
tion process of the invention to denature the double-stranded

20 DNA into the required single-stranded DNA. The working
electrode, counter electrode and optionally a reference
electrode and/or the proﬁoter can be incorporated into a test
tube or a well in which the DNA probe assay is to be carried
out. The DNA saﬁple, promoter if not already present and

25 oligonucleotide probes can then be added and the voltage
applied to denature the DNA. The resulting single-stranded
DNA is hybridised with the specific oligonucleotide immobi-
lised on the surface after which the remaining stages of a
sandwich assay are carried out. All the above steps can take

30 place without a need for high temperatures or addition of

alkali reagents as in the conventional process.

The electrochemical denaturation of DNA can be used in
the amplification of nucleic acids, e.g. in a polymerase chain
reaction, ligase chain reaction amplification procedure or a
35 strand displacement amplification technique. Thus the preéent

invention provides a process for replicating a nucleic acid
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t he stran@s9f & hEC4¥RELESal Phriri reactdonsproeedurag 4t exaensbtn be

produst Oheedes¥argAGh FINRWast &b icariyf idut! Sddat G e bl

respect i ve SLrand of 10y oDuSHEl e oSk de oy BuLdLse L her i [

separ at i gt RECBHC1Ing Y sing cleic acid.
It may be sufficient to produce a sufficient local and/or
tempbrary weakening or separation of the double helix in the
primer hybridisation site to allow the primer to bind to its

20 target. Once the primer is in position on a first of the
target strands, rehybridisation of the target strands in the
primer region will be prevented and the other target strands
may be progressively displaced by extension of the primer or
by further temporary weakening or separation processes.

25 Preferably, the said amplification process further
comprises repeating the procedure defined above cyclicly, e.q.
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

30 different strands of the nucleic acid.

The denaturation 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 between electrodes, the solution con-
35 . taining a buffer as described herein.



each extension product fromthe nucleic acid strand with which it is

hybri di S%B %‘ﬁm ain the extension product. In such a replp&pigpogodsocedure .
medi at ed @ yherase, e.g. a polynerase chain reaction procedure, it may

not be 15 necessary in all cases tQegcarry out denaturation to the point
of produci ng wholly single-stranded il ecul es of nucleic acid. It may be
sufficient to produce a sufficient |ocal and/or tenporary weakening or
separation of the double helix in the prinmer hybridisation site to allow
the priner to ThdP¥ecess PaY beapgsitandagk o (RIPFEHERL ECRn BFOHasmn on

a first dor r@mpﬂﬁgingt mandsadtehylsi gpeatifee ofudheid anped Sdq@dsd N the
prinmer region w l e preve ted.and.éhe other,tﬁé et s randi may be,

progr essiVESAHILD| dBed NG ENSPEA%0PT 2 BHEHEF SorPby " ParBAEr aForary
weakeni ngviresiapaeathomupledes sesid 28onsists Bfeftavabbgparhbe camighe-

anpl ificat] r furthe .S r atyi e dure defined
Sbove cydiirT BEEaRgs e Y EE Tk SR aERTC  S Y BHEERT i cias oo
In the arfsMEYE3@$on process the hybridisation step is preferably carried

out USi NG MO Pré{ 8g " 0heh sREnaS RERTE WS Yol fgdhuc1 dbth ke YriidA0ds of

the nucleic acid. The  denaturation to obtain the” extension prdducts as well
as the origi nafoHeadl i A3Eéerens (aPgetingc Tequenre iReiner @anpiiedarried

out by applyi ngnd€rt Ben8ekibnen stichl thatict & Ce6hdaa Frelenge _
el ect r odes, tﬁg solutlog,%ona 35 %glnung a buffer a% descri bed herei n.
WO 9 44100  Deing amplified ER extensith broduchcof BeEPOEFIRET GiE The

process nmay besynshasilaed vhichaisi cempPeRReptacyssd eadnmudlding @tid east
one specific nupbehs aghd sequence qonalpedain A ualele agl deor o pixture

of nucleic acids efein -eac iIT acrd consists of tTwo sepgrac%]%%nple-
5 nentary stfahgtanpfaddyatonplementaryl eagiiffewnenh proards ebhmadlses:

(a) treating tggestEapds iRl GHUIC! €0t | 8¢ BRETBRS priddu i@ Cdym -
di fferent specific, sequence being applie L
15 : thesised from one primer, when it is separated from its
complement, can sexve as a template for synthesi_s of the
-extension produce of the other primer; '
(b) ‘separating the primer extension products from the
templates on which they were synthesised to produce
20 .. - single-stranded molecules in the presence of a said
- promoter by applying a voltage from an electrode to the
reaction mixture; _
(c) treating the single-stranded molecules generated from
step (b) with the primers of step (a) under conditions
25 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
30 "inverted" or "inverse" PCR process or the "anchored" PCR
process. |
The invention therefore includes an amplification process
as described above in which a primer is hybridised to a cir-
cular nucleic acid and is extended to form a duplex which is
35 denatured by the denaturing process of the invention, the



under condi tions such that for each different sequence 10 Ma]s|
anpl i f1 edoWen98d4x08nsi on product of each primer is synthesi sE&"(ﬁﬁ’éﬂﬁg

conpl ementary to each nucleic acid strand, wherein said prinmers are
selected so as to be substantially cbﬁﬁrenentary to different strands of
each specific sequence such that the extension product syn- 15 -
thesised fromone prinmer, when it is separated fromits conpl enent, can
serve as ampdmfliatas ifcar pyotdesi spvionadlyxbensiconrquesthimd vhrohghoner
primer; ( ar_a .00 ' extension products from the

t enpl at esl@gnn%n%%cr? %leq.‘?i"c\’/\r}e% <Essgltj’ﬁ?%ge'si‘sed to produce 20

si ngl e- st randedlons® egehesaliys hdhs ebpyiept$pna inglndrmndt @resespplfpmg a
vol tage fr, Refieid rgd e rg@g&b@n EXt ' ) ddigat | :

si ngl e- st f?r?&gd éqni@lleﬁe\g,f:ulge?:égiggnée?atsee from s?gp ﬁ%?ﬁfhaﬁ'gﬁpF?%?g%éfgst ep
(a) ulder HYGFdidisftdiom, eXtensigmy, "’E‘T‘fgt d&“&tﬁ(?@rtle& eRSi SR cGigd
tsynt Ihetsi se(dal .;gs.i ne%'@aélb Qiﬂ] by o 110 sA i ratgds dumﬂn%;n fsxtrﬁ]réﬂli %%,i@l
enpl at e. rnatively, e .process may be, any variant Q e _cl assical or
Standard SR AR S5, PIARoBE BY TR a6 58 o FePPotit 167 CORFALTeneCR
process orsaihk nieiEhcr ed'idPeR it ace ed ectiredenien tthen priesesiow ©f rclsades an
anplifitxﬂﬂdgk ocess as described above in which a prinmer is hybridised to

a cir- cularnucleic acid and is extended to forma duplex which is 35
denati® ed by t [EhelaracessPphidedaventien iLsyappldrable to theT/1Gge8%e00975

WO 98/ 441011l red®Rildd CaALEBrRIAGESS ORé ﬂi\?’éﬁﬂ/i&?ii%ﬁﬂ’@é‘_taegaz%e%‘égh
one or nore additional cycles. Mdré generally,. the invention incCludes a
process f % SRIERYIME & ttaxgat @@53@4&6&9 GOred S thenpters @5

hybri di sat {2, prsedshgnnaededenaldiidtopnaolsafipilei £s agiflgle-stranded
: nucleic acid; : :

15. (b) providing in the sample at 1least 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;

20 ii) the first probe is a single strand capable of
hybridising to a first ségment 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

25 ‘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
‘0of the target to enable joining of the 3’ end of

30 the first probe to the 5’ end of the second probe,
when said probes are hybridised to said primary
strand of said target nucleic acid;

v) the third probe is capable of hybridising to the

_ first probe; and

35 vi) the fourth probe is capable of hybridising to the

second probe; and



(e.g. cycles of hybridising and denaturing) wherein said denaturation is

pr oduced ting on a solution containing said nucl ei ' ' an
eIectrodé&¥ﬁg@§gﬁpresence of a said buffer. 10 The g?@@@ggﬂg?gthe
invention is applicable to the |igasggchain reaction. Accordingly, the

I nvention includes a process for anplifying a target nucleic acid
conprising the steps of: (a) providing nucleic acid of a sanple as -

si ngl e-stranded nucleic acid; 15, &b% groviding in the sanple at | east
four nucl &k ETREHr  ORhEPBFHNUPRSIYEhe first and second of said probes
are primary prppes, hyingidbeihgi sdidngrbbest kieh saicl probesidr énsesgadary
nucl eic acid probes;_20, ii) the first probe is a single strand
capabl e of hybridis?ﬂ@p}%'a first segnment of a primary strand of the target
nucl eic acid; ii}) lbgasingndhybobdiseda miokgs o afidroapabbrgahised

hybrigi sing to a se S t Ld<PrLARry 25 strand of

t he tgrget nucl ei c g§$ ? ?ggggtﬁgagéﬁgga'okﬁ?he first segnent of said
primary strandibi) t@enatugéngi BNpoLR t5it Fami e ibve applynasa vadtekbet he
second. segnent of sgignPhiWle&ireid €6 the LRuEelidmd wiahlfe | Phnihg of
the 3' end of 30 the first gr%be to the 5 end of the second
probe, when sai d prBBeSeBfFe A¥bAi §PLE4PLEEETid prinary strand of said

%arget nucIeichc%Ml YE tﬂdﬁhmﬂMiﬂiiHuﬂuhiprdﬁﬁmw&@sOﬁebfbibsﬂﬁhgﬁff)the
: _ i . ; . s
tlor f %%pgg\%lg %?%%\éx:a%han of {%@éﬂiﬁhf&g%&&ow gugsE%u%%%agygrgdls%trlloﬂ sthg
PCT/ GB98/ @ben5the 8pringrsepeat bel gavriednouhubysthe Bpplikplidioti sifngrsai d
probes wi Lh puElehfebbleh?iSd €0 the electrode. The process may be

carried out stepwise involving successive cycles of denatura-

tion or renaturation as in the existing thermal methods of PCR
15 and LCR, but it is also possible for it to be carried out
continuously since the pro&ess of chain extension or ligation
by the enzyme and subsequent strand separation by the electro-
chemical process can continue in the same reaction as nucleic
acid molecules in single-stranded form will be free to hybri-
20 dise with primers once they leave the denaturing influence of
the electrode. Thus, provided that the primer will hybridise
with the DNA an extension or ligation product will be
synthesised. The electrochemical DNA amplification technique
can be used analytically to detect and‘analyse a very small
25 sample of DNA e.g. a single copy gene in an animal cell or a
single cell of a bacterium. '
The time required for denaturation to occur may be
extremely short, e.g. less than 0.5 second up to 1.0 second.
A process of repeated denaturation of double-stranded nucleic
30 acid may be performed, in which said voltage is applied as a
repeating pulse having a duration of up to 2 minutes, e.g. up
to one minute or much less.
Between said pulses the voltages may be turned off and/or
reversed for a period similar to or equal to the period for
35 which the voltage is applied, e.g. the voltage may be applied
as pulses at a frequency of from 0.01 to 10 Hz. A single



sanple; ii) ligating hybridised probes to formreorgani sed

fused pr NG 98Me86nces; and iii) denaturing DNA in said sanﬁ%@@ﬁ?‘”gw&i ng a
voltage froman el ectrode to the reaction mxture in the presence of a said
buffer. In all of the anplification Prftedures described above 10 the
denaturation of the DNA to all ow subsequent hybridisation wth the pri-mers
can be carried out by the application of an appropriate potential to the

el ect rodedeﬂ'iileuﬁé6E6ﬁSmE?Ybbepealfbh:médouutsmgem/vizﬁmg"]ra/cpwlslg eyeﬂ;essi ve

cycles of den ra- on or nat_ur th ther rret hods
of “POR 15 aniPecrelage vay B HHIEY, ek fgieE it A5 T

cont i nuoushy ern'kee' t heepiodesefofappidiqruiernefovaditagegavibh y finssenzyme
and subs . SLr r | egt

conti nueegﬁfgxﬁlégé?ggfggg |%En nuc%gf%ﬁa‘glf Ga?ggﬁrqg@ﬂllnﬁgfg%ﬁé s?eanded
~ form%i | Ippbarity to Bpbd fipet pelgefl\m sk Peniedm QL st arvialby
denat uri nﬂe&ﬁEEHeQﬁ%NAEdt bs1ehgetl " Ofife Jiwﬁespfa@yl E@dfi&ﬂto t@f Qéé&ﬁ&sv“ I

hybri dise with an extensi,on or ﬁat i on pr duct will
synt hesi sE8. SThBLBYEESr SThehPEal iBNA fi &ad on FeRhrki q%%ci?&ﬁ B uSed
anal yti camiMutesdehedlengtt.anal yse a very smal | 25 sanple of DNA e.g. a

I | . f Th
Cime required POPEABAMYratn Porac0, Suo e SRichnrdidnaaltdsy s
t han10. 5 sppdnddupritthh B (Eisstorpblaritycasd sfallde;p@a:u@aﬂsjeingt whichf
doubl e- Stgégﬁe%é‘i@ég%c i3 4 P@ii%d”@)&é&? erLorahd. Tﬁcﬁﬂ‘iﬁg sAld )égl:hage

is applied as a repeating pu aving a uratlono m nut &S,
up to oneinfdspeadenthycfuassd . BEafBHS R Jpl}ﬂfs@ét@he vol t ages may be

turned of f and/poie FlevgyiSed £RE %e&%@d&d éhﬂh%r vllﬁ.cg{ squal \F&léa@e pggi od
for 35 which the vyoltade s apglle e vol e applied as

pul ses at SHPFEaRRN Yo eAusRC025E ?BC‘i}ol ?‘Peﬁdﬁ‘ﬁ Ve%rO‘“\/@ S8FagPpds
PCT/ ©898/ 88935 minutes.

The invention includes a kit for use in a process of
_disassociating interacting molecules which kit comprises, an
electrode, a counter electrode and optionally a reference
electrode, and a said buffer.

20 The kit may further include any or all of one or more
oligonucleotide probes, an enzyme such as polymerase, one or
more primers, or a disassociation promoter, e.g. a source of
lithium ions. The probe, if present, may be labelled in any
of the ways discussed above.

25 The reassociation of molecules, particularly the rehybri-
disation of nucleic acid strands may be produced or promoted
by the application of a reverse voltage using a similar buffer
and other conditions as described herein in relation to dis-
association.

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

Figure 1 is an exploded view diagram of an electro-
chemical cell used for denaturation of DNA.
Figure 2 shows a time/voltage profile suiégglé for use

35 in operation of the cell of Figure 1.

Figure 3 shows gels obtained in Example 1; and



-19- denaturation may be performed using a single pulse cycle. The voltage

may be ap&loiﬁ&“ﬁ“ch that there are, in other any order, pepceRisogiboers
applicationof voltage with a first polarity, periods of application of

voltage with the opposite 5 pol ari_ty.to said first polarity and peri ods
of substantially reduced applied voltage. The cycles may be from 0. 01

seconds to 5 mnutes or nore in length, e.g. from1l second to 5 mnutes in
| ength. Preferably, the periods rin i ch,said voltage is 10 appl i ed

d wh .

with a first JorHEe A FRPEE; 3 %%fi%‘a aipedndnnEXaRPdsi ¢ -voltage is applied
\Igvit]t\ a Efcondr;mé adfél% ﬁléewgaﬁhvﬁ‘!i@ﬁwd.grﬁdmpﬁrﬁa 0a5s%ﬁdﬂﬂd‘_ﬁ }flarhe@Ljnutg.

refera t he per.iods rin ch, sai oltage.i s.substantia reduce
are each ﬁ?d’e%%’ho%rﬁ?’ff‘?%rﬁ@?%s%‘gc%% 518 a'lz?ﬁ gom' ?'igt 83%’51'%8 P‘né@ﬁtri on
i ncl udes of loppdaed uskat inampfodds electdicsiess Ad atihgwhicer dtei edthelrecul es
whi ¢ k-it-ccfgm%'ss I r.qd I n ' Yy @
r ef elr%ences e ec #o%e?pgﬁggagggie %Ef % e%&%@éné.gfé#ggﬁﬁ?t qﬁg?}‘? grq'?:l her
i ncl ude &npPaskr 2f Jrampreradrlfords rrgobotredt idetheobédassacinsheetsuch as

pol yner asgacloN@HAimbd €cBhsiBES: &Ff @& db$asadakaldeP-LOMIELr di8ndt
source of lithiyumions. The prob;, I { gr esent rrngg‘/?1 be | abel]ed in any of
the ways JRRRQELEASbYye0 M and 'a Igpadrins shemnsl L3tending kes the

parti cul aarddg% tdslf:huslwyét:iéet i S'nhéO@iDisﬂﬂePeéneclaﬁi dsshpplﬁd&iﬁﬁ_!‘.e_ll? mogad;lfced
or pronoted . e.application of a reverse voltage.,usi a_simlar, buffer
ond S her i AR chieERe (okarh SlefurEHR £F B Yl cBnBesting on.
30 taghel 7 nveditbpnwhith edecbrideldccobaectiiom risf evasieceed aitt he
foll owi ng dr awimngs : | es. ElLgure, 1 4 s an.expl od | ali agr of an
el ectro- chemy&é}gg 8gpﬁl%§?f%€ Egﬁa%ﬁﬁjﬁlﬁs o?nD@e_F%ﬁér{éeegcsh%\%se%a@ :
ti me/ vol teRAP RS the condupreofokwasseastions gpepxding &P the daivierof

Fi gure -1.c fo@r 8r 3088088 cHCLEa0RE BhNGE th aE6MRI®1]; AMiltanecusly.

15 Thus, it can be seen that illustrated electrochemical
cell comprises two opposing planar platinum electrodes. The
electrodes are separated by a sheet of deformable insulating
material (in this instance a silicone elastomer) which forms
a seal against liquid loss,'énd which is cut to form the
20 electrode chamber. The electrodes are backed by flat plates,
and the whole is clamped together between aluminium blocks
(not shown) comprising'the elastomer sheet from a free state
thickness of about 500 um. The potential difference between
the electrodes and the polarity reversal pattern over time are
25 set.- on a PC, which controls a power supply. The electrode
'~ assemblies are maintained at the operating temperature
(suitabi& 55°C) by standing them on a heating block of

appropriate temperature.
The cell shown in Figure 1 is used in the following

30 examples.

Example 1 .
In this example electrical denaturation is performed in
" the electrochemical cell by applying a potential betweeh the
35 electrodes. 45 pul of linearised pUC 18 plasmid (2868 base
pairs) at 0.5 ug/ml in water or buffer is placed in the cell.
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Fi gure 4 WO9RE4W0gel obtained in Exanple 2. The cell shown P‘ﬁ"ﬁ?ﬂﬂﬂ% 5
conprises a sandwi ch formed between a palr of opposed gl ass plates 10, 11
outside a pair of opposed plati num f 621 "el ectrodes 12, 13 which lie either
5 side of a spacer sheet of a silicone el astoner (5| | astic[err]). A-pair
of chanbers 15, 16 are forned in the silastic[err] sheet. Each chanber
consi sts &f p@t@'nmd]ard:‘:ﬂfenencef igi atpptléledamnmsmthéyel&cm ZEor

| ead-in cgaqu}L Egg%orbaer{mé hewggge oq:f &m&ggeg hmﬁ&’ Jsleﬁﬁ sheet

I S approxi mate y errimin thickness. ~Eac | ded
with a coﬁhé@B’Qﬁ;} t dgtypicald mrmléh"ei%clll%¢rCDQGM|E)lguse rﬁad'&he::m it.

The provi g @1 pfatyo tcaVJ_t hegéf 44 gl I a.stl cg&Er] sﬂyﬁets phegqthg,

conduct of two reacti ons accor ng to £he inven- tion, e such-. reactlon

with a coﬁﬁmvedslﬁﬁﬂ"t‘a'ﬁ’é%ué‘:ﬁ and Su bjechag "—‘Ptaﬁiﬁ%é §8éﬂﬁllﬁﬂtr0-
i 11 ustrat ehosletsdits OCh@@rﬁa;luﬂéﬁlorQOﬂﬁl’ |3mém&@pna%ngaé&@ﬂﬁédphﬁbhmﬁn

el ect rode The odes re se arated _hy eet aof deformabl e

i nsul at i na Wé‘t‘”’@ﬁ‘il ei’( H‘ﬁ‘s&’ﬁs?a J'Snsf’l?‘ 5g‘ﬁe A A5GV RR- for s a

Sﬁalnbagal nst | ikjgue a5sshewsl vitreé gelsutohvafnimgt pYCONA alrelﬁdn@laaf

chanber e t ol e i

cl anped tog%t rﬁf)e{%g:eéns % m%ifé%gb? ég&% %gsﬁ %3%8%’1%\%

el asLOner igh&dgunei2.a Sueccesisfngd Aenanusd ion gaanrrsd ierHES 'KIPEPS,
otenti al § 1S elseaq@ {Iﬁg: r r

Battern o%ﬁ%c?r?e%g?épg %g’et or%L a lwvi ontro@g{%%%/\ere%%pép%m' The

el ect r ode YREEHRG esithr dlikfiufQi RANAS. t ARG pLRR | RFhasFpIiiees (igrebl y

55[err] Q) lbséfsﬂemdiw t hem Guetdeatwdse Rhosk Hf MM Qid 38 1 Ssrad

pt €
The cel | s used in the follow ng 30 exanpl es. Exarrpl e
1 1In thi s%h&%% C}P |§ab *denaturation is perfornmed in the

el ectusochem cal cell by applying a potential between the 35 el ectrodes.
45 [err] | @Qf '!lngaii sed pUC 18 plasm d (2868 base
This is a PCR method performed in an electrochemical cell
in which an applied potential replaces heat as the dénaturing
agent. 45 pl of reaction mix contained template DNA (0.5 ng
. 20 linearised pUC), 200 uM each dNTP, 0.2 uM each primer (to give
an amplicon of 375 base pairs), 0.5 U "Vent" polymerase (New
England Biolabs Inc.), 0.1% Triton X-100, 3mM MgS04, in 10 mM
CHES buffer, pH7.5. Twenty cycles were used with the elec-
trical profile shown in Figure 2, where x = 0.5 V, but with
25 - a 60s period of OV after each cycle to allow annealing of the
- primers and extension of the strands.
Amplification was achieved, and is illustrated in Figure
4, showing four repeats and a control. The 1dent1ty of the
bands produced in electrical ampl:.f:.catlon was confirmed by:
30 - visual evaluation on ethidium bromide-stained gels;
’ - extraction of the sample with phenol-chloroform-ISA
and precipitation from the aqueous phase with
ethanol, and reappearance of the band when run on
‘a gel;
35



pairs) at 0.5 [err]g/m in water or buffer is placed in the cell.
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potenti al 8|9F'1°9t°gnce is applied across the el ectrodes for g%ill xegﬂ,{m’é
period, with or without a nunber of arity changes. A typical "profile"
isillustrated in Fi gure 2 where x =72 Vit[err] = 3 sec and t2 = 1 sec.
The sanple is then 5 renoved fromthe cell and subjected to agarose-gel
el ectro- phoresis. Denaturation is judged to have occurred when a

downward shift-in tdetgotichoafothehkiphanylatelds ampdd.cat dur @B admayp
three gels containipg %%érh oy ié‘ec%‘é\ifé& &8st eéir%; j&yposure

to the electrical pr of I gure cessf dena | on
occurred in CHES, dAPxtecApst-afd-<9 ﬁ’tnri@-%cﬁﬁl?ﬂd%%ﬁﬁs @-T-%Gdb’yOheat

Tris-HO resulted 'Qpébif:‘h!&edl@d.%beaﬂféd f&@é@rwhui:heras;ewl%diﬂéé&“ve
Al | ffers were used t PBI;?Sexcet f CAPS a #8§H80 15

Exanple 2 This is }fﬁetﬂ @Eqdath ant (,ItGi'oEﬂE fege| FoRn

whi ch an applied pojugatetl teplaaceiolucéigemd hmzdplmt uring agent. 45 [err]I
of reaction mx con n . g e rised

[err] M each dNTP, OEgé gltrérn] %@ %‘%P gggglk\?/ag‘%n(%g g@Eﬁ (ﬁp %%]SS ase
pairs), 0.5 U "Ventfop Pme'aste‘e(mrEhg) nthi Qﬂ-ammml)l,y Yeedatedn
X-100, 3nmM MySq errlm g_gcg,ﬁ YeHBRAR fer, pH7. 5. Twenty cycles were used
with the elec- trical profl e showmn 1n Figure 2, where x = 0.5V, but with
25 a 60s period of OV after each cycle to aIIow anneal ing of the priners
and extension of the strands. Anplification was achieved, and is
illustrated in Figure 4, showi ng four repeats and a control. The identity
of the bands produced in electrical anplification was confirmed by: 30

- vi sual eval uation on ethidi umbrom.de-stained gels; - extraction of
the sanple with phenol-chloroform | SA and precipitation fromthe aqueous
phase with ' ' :



et hanol , and reappearance of the band when run on a gel; 35 WD 98/ 44100
PCT/ GBO98/WOPD8h41002- - detection of the biotinylated anpPCIéGBISH0RMS assay
in which the anplicon is captured on a streptavidin pl ate, melted to

si ngl e-strandedness, hybridised to speai-fic DI G| abel i

visualised 5 by the addition of an anti-D on-
jugated to a colourigenic enzyne; - the non-appear amﬁﬂ@gmﬂ ﬂ’ ul n
agarose gels) follow ng treatnent of ém ectrically geneg

wi t h DNAse. WD 98/ 44100

PCT/ GB98/ 00975 -23- CLAIMS 1. A process for disassociating i nteract| ng
nol ecul es1.coma Priotie E@QJ Qséasgoélbt(iﬁgd1ﬁeei~ab'&hﬁ@ maldcimleacules to an
5 el ectri cal vol t %‘Pﬁ%\% fet Wegn el ect,rqdes und condi tions such as
to whol | yPEHS3ER i ak%&)e s¥ctafet tcp&’i?tm&rﬁgr o’*a#igr‘f‘?%ﬁc’éie%lt@ an
mol ecEl es eﬂ&cttl:aqzr]esreﬂcagef applfédc}iemwaén dlsaryrdad vedereeBhasituenyf f er
which is erm' Sy than _Tris process as
cl ai med i %BGSa. m 1; év%ﬁiﬁ* |Ha 3!‘3%5%’53558%?3%0%‘? ieagt a RX®ocess
as cl ai neRoK iomiof 2$amdemeilacsté.|e($ biro- tié preseecel exf air elekeird caqi d
mol ecul es33ags @ép.:n{ reign d oGl at,i on
constitutes d%%ﬁl% P%)%\ sal y%’lru% se g'h\#éc glhcmgg{edd%%$3%§f:é§% A
process aPeXMdiSfdye FhamiTads-REkrein one of said
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2. A process as claimed in Claim 1, wherein said molecules
are biomolecules.

3. A process as claimed in Claim 2, wherein said bio-

15 molecules are nucleic acid molecules associated by hybridis-
ation and wherein said disassociation constitutes denaturation
of said hybridised nucleic acid molecules.

- 4. A process as claimed in Claim 2, wherein one of said
20 1nteract1ng biomolecules is an J.mmunologlcal blndlng partner
for the other of sald biomolecules.

5. A process as claimed in Claim 2, wherein one of said
interacting biomolecules is a ligand and the other is a
25 receptor for said ligand.

.6' A process as claimed in any preceding claim, wherein said
buffer has a pK, of not less than 8.5.

30 7. A process as claimed in any preceding claim, wherein said
buffer has a pPK, of not less than 9.0.

8. A process as claimed in any preceding claim, wherein said

buffer has a pPK, of not less than 9.4.
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20 interacting bionmolecules is an i munol ogi cal binding partner for the

ot her of .sai L onol ecul es. 5. A process as claimed in CI lgﬁrel‘ :
one of .saiwpgiﬂ‘i%é? acting bionolecules is a ligand and th PRafen

receptor for said |igand. 6. A proc?zs as claimed in! an recedi ng cl aim
wherein said buffer has a pKa of not less than 8.5. 30" “l “l!tﬂﬁﬁiﬁ
clainmed in any precedl ng claim wherein said buffer haq

than 9.0. 8. &ocess as ckal mag i,n an preced ng cI ali m vvherel n said
buffer hada pih RFOTRES | 38sCLRiReg An ?S’ @pim, conducted

PCT/ GB98/ (97D pH4bf Exrom A7 pfocess as cl ai rred in any preced| ng claim
conducted at a pHof from7 to 9. 10. A process as clainmed in Caim?9,
wherein the buffer is 5 CHES, CAPS or CAPSO 11. A process as clained in
any one ofl aikdpdotesd, ashelainedhénb@ildm Gonwheassira it dowf Eepatigng a
negatige e rat efhps@m a positive charge by a distance of fromO0.75
10 to 1.5 tinmes the di stance between such charges in CHES, CAPS or CAPSO
nol ecul es. 12. A process as claimed in any preceding claim conducted in

froma 5 tP.L 10 A iAicieA el sal anuc&ﬁ@rof Jeﬁalﬁns /i %0§68§hé§e%a' med
in Clalm er |nthe el ectrodes %Pgroac to wth . one

anot her. SEes@%r%‘F%ﬁr@d TeleENler dayding EI mﬁatm@r ef:haatggo

vol t age ofsépm&& ffors aobb§1t§vépﬁhaeﬁebw\&ef&fé\iahc% e@ff@f@ﬁzoé% o
0 VoI TS

|
PSR Skt maiteh it distanes Safugen feudlRirgiia b, *a

di sassoci ax (ﬂAEﬂO scm]:lemlesul es,

12. A process as claimed in any preceding claim, conducted
in from a 5 to 10 mM concentration of said buffer.

15
- 13. A process as claimed in Claim 12, wherein the electrodes
approach to within 0.5 mm to one another.

i_4. A process as claimed in any preceding claim, wherein a
20 voltage of from 0.5 to 3 volts is applied between said
electrodes. '

15. A process as claimed in Claim 14, wherein a voltage of
from 1.5 to 2.5 volts is applied between said electrodes.
25 '
16. A process of repeated disassociation of said molecules,
wherein the molecules are disassociated by a process as
claimed in any one of the preceding claims in which said
voltage is applied as a repeating pulse having a duration of
30 up to 2 minutes.

17. A process of repeated disassociation as claimed in Claim
-16, wherein said voltage is applied as repeating pulse having-
a duration of up to 1 minute.
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wherein the nol ecul es are di sassociated by a process as clainmed in any one
of the. progessiqagoc! ai s in which said voltage is appli. 6 g
pul se having a duration of 30 up to 2 mnutes. 17. A process of repeated

di sassociation as clainmed in C aim18S5«wherein said ve) Hmummwﬂma
repeating pulse having a duration of up to 1 mnute. Ir
PCT/ G3B98/ 00975 -25- 18. A process of repeated di sassom ation 4s Blafned in

CGaiml6 pg O gi gfézesw@fefép@&éweahéaégo@yaﬁggnt he a_fpéiaaa L8 tuppgd of f
and/ or reversed Tor

erlo equal . to the erlcg ﬂ %ﬁ%ﬁglvoltagels
applied. 5619r Lifideekt oWhPEBéﬁt OGSl SHALPRHSEE & $38€ &Fm 18,
wher ei n sgugngalb@gedﬁa@ugﬂﬁéﬁbff@dnisfsaapeaébdequmh/uiwfh@npérﬁégto 10
Hz. 10 2 cess alne in_any preceding claim erein sa
vol t age i °5p§?’?"§g‘ gi‘@ Fher% 2RR 3‘%# any order, periods of -
appliBgation of voltage with a first polarity, periods of application of

| h ' ' f
substant | 3Py PoRLERgSE,SF BBiathe Bi8aLE0stAETORDSE LN IARY B LEEY R
Cl ai m 20, l@hewbieresai ¢acycves tage fnsOmppls!@sbr?eﬁ 588 Rt e freguaney. 20

22. A prgeessons ocladi 1id 4 ai m 21, wherein the periods during which
said voltage is applie with'a first polarlty and sai d periods during which
said voltage is applied with a second polarity are each i ndependently of

fCI r omlazg QGQOHQLSPE'@ﬁés@ aﬂtcgla%ﬁeaam Axf %Q‘Q&&Sﬂ.ﬁlgl:baaﬂ'ﬁd wnebGea.lrﬂeallleF

aim reln.the Il ch sald voltage LS .substanti y

reduced ar® S‘&gﬁ' ﬁ?d@%&i&l% uFExOh.ngtm@nggnagef o3 ?ﬁqxu?ﬁg ¥, periods
of application of voltage with a first polarity, periods of
application of voltage with the opposite polarity to said

first polarity and perlods of substantially reduced applied
15 voltage.

21. A process as claimed in Claim 20, wherein said cycles are
from 1 second to 5 minutes in length.

20 22. A process as claimed in Claim 21, wherein the periods
during which said voltage is applied witha first polarity and
said periods during which said voltage is applied with a
second polarity are each independently of from 0.5 seconds to
1 minute.

25
23. A process as claimed in Claim 21 or Claim 22, wherein the
periods during which said voltage is substantially reduced are
each individually from 0.5 seconds to 3 minutes. |

30 24. A process of amplifying a target sequence of nucleic acid
comprising hybridisation, extension and denaturation of
nucleic acid wherein said denaturation is conducted by sub-
jecting said nucleic acid to a voltage applied between elec-
trodes in the presence of a disassociation permissive buffer

35 which is more disassociation permissive than Tris-HCl.



30 24. A process of anplifying a target sequence of nucleic acid

conprisin sation, extension and denaturation of nuchel&p 5
i sdravaiy o

wherein s ena uration is conducted by sub- jecting said nuclerc

a voltage applied between el ec- trode26=m the presenc _ lwl ON
perm ssive buffer 35 which is nore disassociation permm',imiﬁmgﬂﬂ "m'
Tris-HA . WD 98/ 44100 '

PCT/ GB98/ 09975 Azpﬁroggss ¥ BpA 19i‘g an@éi-éat nﬂeé\iéfi‘égeéf RIUNE a@‘x
nucleic acid gas clajmed iin ere”ﬂizﬁyl denat uration i s conducted

by a proced$ aﬂd?esdaslgbsﬂat%%asmwﬁﬂ@osﬁ A aiqe disisopdusted 5

26. A procspsa @rouEdd ofi dd sasisdcdalt isenusnckatmedl fhnasly iohd ol 124 ndy
Cl ai m 25, ﬁhlch s a PCRor LCR anplification. 27. A kit for use in a
process di ating interacting 10 nol ecul es a di sassoci ati on

perm ssive buffer which is nore disassociation perm ssive then Tris-HJ.

26. A process of amplifying a target sequence as claimed in
Claim 24 or Claim 25, which is a PCR or LCR amplification.

27. A kit for use in a process disassociating inteéracting
10 molecules a disassociation permissive buffer which is more
disassociation permissive then Tris-HCl.



