WO 97/ 08293 PCT/ GB95/ 02024

-1- RELEASE OF | NTRACELLULAR MATERI AL The
present invention relates to nethods for producing 5 release of
tntracellular material fromcells. Current nethods for cell lysis
and i sol ati ongglg-aabd Ul ar material are |aborious and ti ﬁﬁﬁg@@&pg and
require a nuﬁgQPT of steps. For exanple, the preparationgﬁr rom .
bacteria requires a protocol of no fewer than ten individual steps. 10
To produce effective cell lysis in gram-negative bacteria, - t r eat ment

w th reagents such as EDTA and digestion with enzynmes such as |ysosyne

and RNase are required. Th'mgz,lg' ASE OF f#gﬁ@@&&%dgﬁﬁmk, osnotic shock
or boiling in order to rel ease cellular material. tiple steps are

t hen, necessary 15 to harvest nucleic acids fromthe |ysed preparation.

In the case genom c DNA isolation these are, follow ng | ysis of cells

to release the DNA: qpe present ghG@ﬁEiéH‘félé@&@ Qﬁﬂnﬁ&ﬂbﬁbnio¥‘ﬁ?o&ﬁéiﬂ&s

renoval if contam nants,_ usua sol vent e action

finally, di Iy§F§E§?BePﬁaﬁﬁFrﬁﬁ%iiq;?%ﬁ@ﬁﬁr§? pér?ﬁ &f11e” gi ve a clean

preparation. Currhtismethadd fact cell dymisi sed Ladlattion ofacdllular

sel ecti ve ndeRish | £4¢ QarYy i8BBOME tHNE LORd L, Bhal Aapiid Bl S op Of

pl asm d DNA by q{adlent centrifu i on_or | ON- exc

chr omat ogr aphy.® Eﬁﬁpﬁxtrgﬁ¥|?ﬁ? nFa&eQréB?F%F&?@'%%%ﬁ@bfr°m'b?ﬁ5?ﬁﬁé

phenol - chIorofanngﬁzegaatmunmandlsaﬁtmngfgubrnehhndaen_1ndﬁvidg@h09t@p§»#¥

and ggg;‘;ng@hlcgq : (ol s REQYLA84FNSVkYs in o¥aR’nEBhE1vE Bacterta,
treatment w:.th reagents such as EDTA and digestion with
enzymes such as lysosyme and RNase are required. This is
followed by cold shock, osmotic shock or boiling in order to
release cellular material. Multiple steps are then necessary

15 to harvest nucleic acids from the lysed preparation.

In the case genomic DNA isolation these are, following
lysis of c=lls to release the DNA:- -

digesthon of RNA and proteins .with enzymes,

removal ‘of contaminants, usually by solvent extraction,

20 and finally, dialysis or ethanol precipitation steps to
give a clean preparation.

Plasmi@extraction comprises cell lysis and selective
precipitationr of genomic DNA followed by the purification of
plasmid DNA by gradient centrifugation or by ion-exchange

25 chromatography. - DNA extraction techniques currently in use
- include phenol-chloroform extraction and salting out methods

for genomic DNA, and cesium chloride/ethidium bromide density
gradients, and ion-exchange columns, for plasmid DNA. 1In
addition kits are widely used for purification of DNA and DNA

30 fragments which are based on the precipitation of DNA under

. chaotropic conditions. All of these technigues have their
limitations. For example, density gradients and phenol/

chloroform extraction are time consuming processes to use,
taking up to 24 hours to perform. In addition, the copious
35 use of phenol for these purposes is highly undesirable due to
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caustic nature. Methods of isolating |arge fragnents of DNA.can
result in DNA SDEAT{8fc and caustlé hacdhOWN hbehoglcotremBigtisn Ysiad
vol t ages |n t he | u
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| ower order of ﬂm&ﬁﬁgqgkgﬁunlcally 1n excess of 1 kv in pulses of short
duration in the order of milliseconds. Generally, the field
gradient between the electrodes across which the voltage is
applied to a suspension containing the cells to be electro-

15 porated will be in excess of 1 kV per cm. This requires
sophisticated and expensive apparatus.

It has now been found that it is possible to obtain
release of intracellular material <from ..cells by the
application of wvoltages of a lower order of magnitude not

20 previously thought to be capable of affecting cell membrane
structure in such a way.

Accordingly, the present invention provides a method of
producing release of intracellular material from cells
comprising applying a voltage of not more than 50 volts to a

25 suspension of said cells.

Preferably, the voltage is from 0.5 to 50 volts with a
strong preference for voltages in the lower part of this range
e.g. from 0;5 to 15 volts, most preferably from 1 to 10 volts.

The voltage may be a DC voltage or an AC voltage.

30 Unlike the practice in electroporation, the voltage may
be applied continuously, subject to avoiding excess heating
effects which may become a problem if the voltage is in excess
of 15 volts. Preferably the voltage is applied for a period
of ‘at least 30 seconds, more preferably for at least 2

35 minutes, e.g. from 2 to 20 minutes, Preferably the voltage
is applied continucusly for a period as specified above, but



20 previously thought to be capable of affecting cell nmenbrane

structure in such a way. Accordingly, the present invention

provi des a met hod of producing release of intracellular material
from cells conprising applying a voltage of not nore than 50 volts to
a 25  suspengbpszsai d cells. Preferably, the \pwlrici¥emptedsfrom
0.5 to 50 volts wth a strong preference for voltages in the | ower
part of this range e.g. fromO0.5 to 4% volts, nost preferably from1
te 10 volts. The voltage may be a DC voI tage or an AC voltage. 30
Unli ke the practice in electroporation, the voltage may be applied
conti nuously, stigiecprocessomdyndpeexcysatiedat iewgy. by ehéeepplibatbonayf

becore a_pr obl ega1daddiee ol tead sy | b2l ot srevé}fallg:.e\e%he to Helleghidly

the voltage is rg{) I|e for a perr od east seconds,
preferably for Yoot ©B55 FPRONES, te. bo ‘F*’B%ﬁef ‘to 20 ninutes.
Preferably the voltai}e electsodgpl b9d witidli nuheslwiltagea :.@rapﬂliié‘d may

specj fied abov 9 3
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I S r Sc ess “’FPay
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DNA rel eased frgreferafiiie sl |\ﬁ:lt|a§eV\lﬁlsCBp§§§§dat§nﬁhé eéuéil@fstﬂcﬂd%e%%%hng
will be dest{ SRl fy spabRaPSEoPIAsdL IR AL 9T LRSS wd¥e than
5 mm at their closest approach, e.g. by no more than 1.5 mm
and most preferably by no more than 0.5 mm.
One of the electrodes may be constituted by a container
15 of conductive material in which the sample being treated is
contained.

The process may be conducted to produce cell lysis and
to produce the release of intracellular materials including
proteins and nucleic acids, including double stranded DNA, and

20 other biomolecules. A process for producing denaturation of
double-stranded nucleic acid utilising apparatus suitable for
use in the present invention is described in Application
PCT/GB95/00542. This process is itself an improvement on
processes for electrochemical denaturation of double-stranded

25 nucleic acid described in W092/04470 and WOS3/15224. As
disclosed in those specifications, nucleic acid may be
denatured reversibly by the application of an electrical
voltage and such denaturation may be used as a step in a
number of more complex tasks including hybridisation studies

30 and nucleic acid amplification procedures such as PCR.

Nucleic acids released from cells by methods according
to the present invention may be further processed according
to the teachings of these specifications.

Accordingly, the present invention includes a method of

35 producing single-stranded nucleic acid which comprises
releasing double stranded nucleic acid from cells by applying



.10 preferably the voltage is applied to the suspensi on between closely

spaced el ectrodes, preferably not spaced by nore than S mmat their

cl osest approach, e.g. by no nore than 1.5 mm and nost preferably by no
frore than 0.5 nm ' One of the electrodes may be constituted by a
contai ner 15 gafepapductive material in which the sanpl e beppgchifpbAd i S
cont ai ned. The process may be conducted to produce cell lysis and
to produce the release of intracellular wterials including pr ot ei ns
and nucl ei ¢ acids, including double stranded DNA, and 20 ot her
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itself an inprovenent processes for electrochemca enaturati on of

doubl e- st randegedis ﬁ‘&@ efenatininge sehe héaubple virarsied; onupteigosrid 2 by,
As di scl oapgli/ing hese Sarsidd @tdlmreﬁac{releagél@lor@a&@asuspensmn

denat ur ed revers t.he a i_cation of .an el taeand
such denat O at ¥ ‘ﬁgnéV%e thfo% ggt %%mﬁfta sa%de%ﬁﬁ'h‘g 5?%?‘%
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procedures such as PﬁBrange of voltddel 9itnas wils chopRARRE fdrD B (Rldat ub¥ -
nmet hods accor di ng b&‘ resent ,i nvg tion ga%( be, furt her, rocesied
accor di ng tign fo £ Ehlwﬁf lgya g cF+itabPhnke as wide as t
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stranded nucl eic aclid Trom cel l'yin
PCT/ GB95/ 020248 voltage of from 0. volts isyjapplied, more preferably

from 1.5 to 2.5 volts, measured as a voltage difference
between the electrodes,
As described in W032/04470, one may employ a promoter
15 compound such as methyl viologen to produce more rapid
denaturation. )

More generally, the promoter way be any inorganic or
organic molecule which increases the rate. or extent of
denaturation of the double helix. It should be soluble in the

20 chosen reaction medium. It preferably does not affect or
interfere with DNA or other materials such as enzymes or
oligonucleotide probes which may be present in the sclution.
Alternatively, the promoter may be immobilised to the
electrode or included in material from which the electrode is

25 constructed. It may be a water soluble compound of the
bipyridyl series, especially a viologen such as wmethyl
viologen or a salt thereof. Whilst the mechanism of operation
of such proinot:ers is not presently known with certainty, it
is believed that the positively charged viologen molecules

30 interact between the negatively charged nucleic acids such as
DNA and the negatively charged cathode to reduce electrostatic
repulsion therebetween and hence to promote the approach of
the DNA to the electrodes surface where the electrical field
is at its strongest. Accordingly, we prefer to employ as

35 promoters compounds having spaced positively charged centres,
.e.g. bipolar positively charged compounds. Preferably the

’

.



g voltage of not nore than 50 volts to a suspension of said cells with
an electrode to release nucleic acid from said cells and denaturing the
doubl e- stranded nucl eic acid by applying the sanme or a different
voltage to said suspension 5 wth-said electrodes to convert said

doubl e-stran i C acid to single-stranded nucleic

The range of voltage wi thin which production of denatura- éﬁﬁé&%&?ﬁ?thls
way is achievable will not be as w de as -ghe range of voltage
appropriate for producing cell lysis and 10 accordingly it is preferred
that in the denaturation stage, a voltage of fromO0.5 to 3 volts is

appl ied, nore pEieimpBetweenl A8 doditBred P oH Egﬁﬁfléﬁisa%ﬁu\l%'ﬂ 2ge
di fference :}et ween the ctro ri bed i n W92/ Q4470,
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salt there st rzﬂ-& on

not pr esenﬁy kno%vn pt hﬁﬁ%eﬁtalnér‘l'?dn@{‘ 55 be??%vg%t?ﬁ%t °?hgg%%§%§u VEl y
char ged vi ol ogeltHARLA %rsomatﬁm%% aé’tf béi‘ﬁeeﬁ’#‘%-’r@tneém’?v’é}“}n cmaygede
nucl ei ¢ aci ds spidcttised inDVheingrébendegaiy Vehy tﬁiaaar@mlazf&& hede dwch educe

ot "t he DNEEI R G REoTh S BRERIREL AUndHES 4P SPEAR bRendRRng C"
is at its strorffeR4nt o @UPFgMPteRe prefer to enpl oy as 35 pronoters
conpounds bavi ng spaedeeai tinvehy ddhsdigerhiciont seage it i€ ;g:eﬂazﬁ@dalthat
positively Charvg?éjré: e Lgf@ctrﬁe%f ﬁ%@pl X‘lgggly approach one another, one
or both of the electrodes is pointed. Such an electrode may
be prov1ded with a single point or a plurality of points.
There appears to be some inter-relationship between the ideal
20 voltage applied and the shape of the electrode and it may be
that there is a preferred or ideal field gradient at the point
of the electrode which can be achieved by adjustment of the
voltage to suit the sharpness of the part of the electrode at
which the denaturation takes place. Optionally, one can

25 conduct the denaturation using a constant current supply

rather than a regulated voltage and this may serve to compen-
sate for variations in the geometrical set-up of the elec-
trodes between different denaturation operations.

Where a constant current regime is employed, it will

30 generally be preferable to use a current of from 80 to 160 gA,
. e.g. about 100 to 125 uA.

Optionally, the process may be conducted using a three
electrode system of the kind described in W092/04470 but
generally it is preferred that the volume of solution employed

35 according to this invention is small e.g. 1 ml or less,
preferably very small e.g. 100 pgl or less, e.g. about 25 ul
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- 5- spaci ng between the positively charged centres is simlar to

t he spaci ng between the positively charged centres in violo- gen.

Ot her suitable viologens include ethyl viologen. ~ isopropyl viologen
and benzyl Vi ¢fepeiR2935 O her pronoters are descri bagt/anvsnzezs
W93/ 15224, i.e. mul tival ent cations such as magnesi um O her
multivalent °~ cations which are effecti~& and which can be used i ncl ude
| ant hanum (La[err]). The cations-as the pronoter may include I norgani c

cations conplexed with inorganic or organic ligands, 10 e.g.
Pt (NH err])[err¥foar@ @i(NHWhen ysing verphasmsilhadactionl eatames of this

intracel lul ar npiggi aljcofystihe aTe tl)) SOt LN YBYe PES1 £Phasd [ gethrg t he
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absence of a rePeESEFPIQDISHRP- amount of any pronoter. 15 At

least in the denat urihe @rovieagesi &.45 off @@Ll Bpsidaind of AbitturtdtSon may

el ectrodes st Y. r o] { , bot | t.he
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poi nt or a plur GPPPYTIFURRA HPsto adjarReEchpprarnelbing tepperature of the

i nter-rel ati onshhpléet wedd .t EadllgRlocd@s WAy R0Ba#PPLE &shtaRE &hsu %?fa?fo ‘:j
| e

oradient at thedpst A0 YoRvenieneiyiaboblohC bendrdio *BoFE nld dapgrur-
adj ust ment of tAation is\ebtaiged @tsdiowerhpHshaFenesemefpuipoges thefrefbee

electrode ab a i gBmbRBadenWAt heGtiakes B, aChout Opld 0§?¢'>ﬁ:aa;0”ﬁeca”
25 conduct the_depatur tlﬂ,g u5|£9 a cog’stant current supi)é‘}/ rat her
than a regul at eﬁreg?f’é  and®t fiFstFrdiPYs 8FyBUERF &f- an aqueous, spdption

vari ations in thengabwng isc duffer- whooé ndtaure end ionic tstmesythetweesuch
di fferent denatygagbOnOPSrldrels with the sty %egg]@%%ﬁl rdddd LNt
regime s emploved, Llodhlhnd) HSNSIRllYd Tl lsl b S IR NG g dirrent o
from80 to 160 [err]A ’ oncen
15 tration at least 10 wM e.g. about 25 mM. Optionally, the
solution may contain further salts such as magnesium chloride
and sodium chloride. Preferably, the method is condﬁcted in
a buffer of the kind used in PCR or in LCR procedures.
Preferably, therefore the ionic strength of the solution
20 is above 20 mM, e.g. 25 to 50 mM.

The release of nucleic acid and the denaturing process
according to the invention may be incorporated as steps in a
number of more complex processes, e.g. procedures involving
the analysis and/or the amplification of nucleic acid. Some

25 examples of such processes are described below.

We have found that bf virtue of the superior
electrochemical cell design described in PCT/GB95/00542 it is
possible to'achieve_denaturation within less than 3 minutes
e.g. from 1 to 2 minutes or less even in the pre_sence'of

30 materials such as PCR buffers.
~This makes it possible to practise a process of repeated
denaturation of double-stranded nucleic acid wherein the
nucleic acid is denatured by a process as described above in
which the voltage is applied as sequence of repeated pulses
35 having a duration of up to 2 minutes, preferably up to only
1 minute. Between pulses, the voltage may be turned off or

[ 4



¢.g. about 100 to 125 [err]A Optionally, the process may be
conducted using a three el ectrode system of the kind described in
W92/ 04470 but - generally it is preferred that the volunme of solution
enpl oyed 35 according to this inventionis snmall e.g. 1 m or |ess,

preferably v e.g. 100 [err]l or less, e.g. about 2
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- 6- to 40 [err]1. Wen using veryssmall reaction volumes of this
kind, it will generally not be practical to use a three el ectrode
system The processes e.g. of cell lysis and of denaturation may

5 each be carrigf,QHedlEcany! 1&§W§Fﬁti§ Pp%:e(fre a&:l%eé&%@ tﬁ; the pe r:.oTieI c
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Preferably, the ti ai e o] 5 atlon at

| east 10 nM e. dﬁg&t)éut %%gﬁﬁﬁﬁi %gt %ﬁglfl{a Et?%n&& Q&%& ioarllc%rcwiay Eonfar H‘
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oo ST i rommaure, 45 AR o0 R 41 annon
blnd:.ng of a primer, the extension of the primer by nuclease
may be relied upon to displace the unprimed strand of the
original nucleic acid from its binding partner over the
remainder of the length of the nucleic acid.

15 The invention further provides a process of amplifying
a target sequence of nucleic acid comprising hybridisation,
amplification and denaturation of nucleic acid wherein the
nucleic acid is released from a cell as described above and
said denaturation is conducted by subjecting a solution

20 containing said nucleic acid to a voltage applied between
electrodes for a period of up to 2 minutes under conditions
such as to covert at least a portion of the nucleic acid to
a wholly or partially single-stranded form in the solution.
Preferably, the electrode configuration used in such a process

25 is as described above. Preferably, the voltage is applied as
a repeating pulse having a duration of up to 1 minute but
preferably shorter, e.g. up to 0.1 minute or even wuch
shorter, e.é. at 1 to 100 Hz.

Preferably, the amplification procedure is PCR or LCR.

30 : Thus the present invention includes a process for

s replicating a nucleic acid which comprises: releasing double
stranded nucleic acid from cells by a process as described
. above; separating the.strands of a sample double-stranded
nucleic acid in solution under the influence of an electrical

35 voltage applied to the solution from an electrode; hybridising -

the separated strands of the nucleic acid with at least one



The rel ease of nucleic acid and the denaturing process according to
the invention nay be incorporated as steps in a nunber of nore conpl ex
processes, e.g. procedures involving t he anal ysis and/or the _
anplification of nucleic acid. Sonme 25 exanpl es of such processes are

described bel gw. W have found that virtu
superl or WO ¥cheni cal cel | desi gn descri bed I n PCT/ 255%}%%%42 it is

possi bl e to achi eve denaturation within Iesss than 3 m nutes from
1.to 2 minutes or Iess even in the presence of 30 materials such as PCR
buffers. This makes it p055| ble to practise a process of repeat ed
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frequenci es than descri bed above
t he pur pose foah righaad t%"(ﬂ’@ﬁéf‘uFé?l??g Fensign BFodBRtiucted, it may not be

necessary to achi evamw@maa&bnapmmmtmay beoanvstepain &(f 3SR or NASBA
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cycle. It may b to 1nitiat nat uration
el ectrochefPcal ly. Fot SPHQ%MY“‘F’ﬁaﬁﬂ Wﬂdﬂﬁplﬂqf‘é—ﬂp&rﬁ”fﬁm@e gf
suf ficient denakwollyrerasecohisin aeakkdvn procedure, it may not be necessary

in all cases to carry. out denaturation to the point of
producing wholly single-stranded molecules of nucleic acid.
It may be sufficient to produce a sufficient local and/or
15 temporary weakening or separation of.the double helix in the:
primer hybridisation site to allow the primer to bind to its
target. Once the primei: 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 strand
20 may be progressively displaced by extension of the primer or
by further temporary weakening or separation processes.
Preferably, the said replication process further
comprises repeating the procedure defined above cyclicly, e.qg.
for more than 10 cycles, e.g. up to 20 or 30 cycles. In the

25 amplification process the hybridisation step is preferably
carried out using two primers which are complementary to
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

30 preferably carried out by applying to the solution of the
nucleic acid the voltage from the electrodes.

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

35 wherein each nucleic acid consists of two separate complemen-



binding of a priner, the extension of the priner by nucl ease may be
relied upon to displace the unprined strand of the original nucleic
acid fromits binding partner over the remai nder of the length of the
hucleic acid. 15 The invention further provides a process of
amplifying wodzhdeget sequence of nucleic acid conprising peyRigoshsmad i on,
anplification and denaturation of nucleic acid wherein the nucl eic acid
is released froma cell as described above-and said denaturation is
conducted by subjecting a solution 20 containing said nucleic acid to a
vol tage applied between el ectrodes for a period of up to 2 m nutes
under conditiogary stadds3s 60 equalt o lLBeghaR NenhtR) Ghildle prE&beis
acid to a g@&kkx gg_partially single-stranded formin the solution.
Preferably, the e ec?rode configuration used in such a process 25 is as
descri bed abovdd) PEERBE&ERYythe REXARNdsgHiths tajgpldldgonycleotide rppimerag

pul se having a duratbene@bhUBiEetent NHhEcOELc sequihdd chaDhy SH91ified,
e.g.»up to 0.1 mnute_,or eve

.much orter, e. t to 1 Hz.

Preferably> the anpPRRFEafPH '%V%E%dﬁF%‘ﬁ@mﬁcgzg%efgﬁ.géégerent FRICNFRe
present invention beisgudsplifiqy cresxtengion prodepti cfit each pniméeits
acid which Conpr'39§?n£ﬁé§§§é&“hﬂ¥@%bk§ complé&éﬁ%ﬁkﬁjt%uﬁ EhCndtl iéréﬁﬁd
cells by a process as degcrl ed ., éigmwe; se arathgﬁégg strands of a
sanpl e doubl e- st ran8EHand, whersin Said PTIRES A% F % 1 A% ItRR® of
an el ectrical 35 vehbagantjmlliydonpleéhentsatyiticodifferenn stiranidsode; each
hybridising  1NEp8EPALAat Gfbqilen2dds sBln! NEndW!Cl e kkdnbhbf) Frdfast
PCT/ GB95/ 02024 syntl-zxesised from one primer, yrg_en it is separated from

its complement, can serve as a template for synthesis of

the extension product of the other primer;

(b} separating the primer extension products from the
i5 templates on which they were synthesised to produce
single-stranded molecules by applying the voltage from
the electrode to the reaction mixture; and
(c) treating the single-stranded molecules generated from
step (b) with the primers of step (a) under conditions
20 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

25 "inverted" or "inverse" PCR process or the "anchored" PCR
process.

The invention therefore includes the use of an amplifi-
cation proéess as described above in which a primer is
hybridised to a circular nucleic acid released from a cell as

30 described and is extended to form a duplex which is denatured
s by the application of the denaturing voltage, the amplifi-
cation process optionally being repeated through one or more

additional cycles.

The process of the invention is applicable to the ligase

as chain reaction. Accordingly, the invention includes a process
for amplifying a target nucleic acid comprising the steps of



ol igonucl eotide priner that hybridises wth at |east one of t he strands
of the denatured nucleic acid; synthesising an ext ensi on product of the
or each primer which is sufficiently conpl ementary to the respective
strand of the nucleic acid to 5 hybridise therewith; and separating the or
each extensio oduct fromthe nucleic acid strand wi t o boba | S
hybri di sed tow&?al n the extension product. _ The repli caét‘glglgir?h
process may be.a step in a 3SR or NASBA _jp-anplification procedure or a
strand di spl acenent assay. 10 In such a pol ynerase nedi at ed
replication procedure, e.g. a polynerase chain reaction procedure, it
may not be necepePéysing tie aldrdeds Gfudi@icalacy d0¥hofieRatdn at @8N dedctlifeq
poi nt of prgdgﬁl n?q% ol Iy single-stranded nol ecul es of nucleic aci 8
It may be suffitPent™ 'oduce a sufficient local and/or 15 tenporary
weakeni ng or sefal atproviciinghaublelilce aeddi ©fi m tdample apr istmgleHatrdingadi on’
site to allow the prling@f o R;Rd to its target. Once the priner is in
position on_a first o 't%e, “farget strands, rehybridisation of the
target strands iR tR¥oviding R tBSi GirmRle #e peEFendemranEueiriet Boid
target strand 20 neyrdegrohpeeasihvel y di spl aced by extension of the priner
or by further t or. i r atg p es X

?Tﬂrf’ P Weakel 'Lﬂxds’ s%%?ﬁﬁeréa% {J%(S)ﬁ% | SES | BRBRFYg

Preferably, the sai eplication process T rises r
the procedure defined ab®*®bege| 2R \the third and ffgurihr of t #RiA Xorabes axe

e.g. up to 20 or 30 cycl eecondakPendbleiucdiid gabbes; process the :
hybri di sati,gn step is;or r apl arrj ed_out -using . two prinmers which
are conpl e!rlnaant ary t gt e i fflé’?/se%t p§?§3n&§ of tsﬁggﬁﬁcl SEED ci%ﬁpabsle of
The denaturation to obtailybridisingntd on fimsgueegment vaff |a primaxy sheand
original denaturing of tRs tthegehrgbe! Rhc1edd Gdig;30 preferably carried

out by. applying to the ,sql.ution of.the . _hucl eic.acid the voltage from
the el ectrodes. 111) %hﬁw‘sepcro&%s%r%?/ hE 3 F9dE £ a%%ﬁ”%%}-e PE%
process for anplifyibprigiséngt tona speeind cseameEngi coficsdidepudnaey

contained ap a nuclei ¢ a@tdadd arNtké UkLrdde Heheie agids 35 wherein each
nucleic acid C0n§| Stisv)Of tthvz\aD Ss'epeaz{c‘feltgf Cgﬂgl %E.TEQE' segment of said primafy
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 -
20 the first probe of 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
25 vi} the fourth probe is capable of hybridising to the -
' second probe; and ' .
(e} i) hybridising said probes with nucleic acid.-in said
s'ample ; .
ii) 1ligating hybridised probes to form reorganised
30 fused probe sequences; and
iii) denaturing DNA in said sample by applying a voltage
to the reaction mixture.
The electrochemical DNA release and amplification
technique can be used analytically to detect and analyse a
35 very small sample of DNA e.g. a single copy gene in an animal
cell or a single cell of a bacterium.
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-9- tary strands, of equal or unequal |ength, which process
conpri ses: (a) treating the strands with two oligonucl eotide priners,
for each different specific sequence being anplified, 5 under

conditions su for each different sequence beji %Ma I ed
an extension %P(g%f&? of each priner is synt hesi sed%&c | SM
conpl ementary. to each nucl eic acid strand, wherein said priners

are selected so as to be substanglally conplenentary to different
strands of each 10 specific sequence such that the extension

pr oduct oY PRI B -a OTE O DAL IF ke BeRckls Po SERANLS Gl BTy
its conpl enent, can serve ate esrs o

ext ensi on produes eHoseRE R rﬁe*ltpmhmhever en(’-lr}l)le stpansad ng Thvs wherer Taqg
ext ehsi on produgs s ylse@m éélepbiymeraseterwl 2bfpefir e bet hsy %r 8&8°C is

synt hesi sed to progduce st randed nolecu | ying the
vol t age from Bre erred e th K]C?x?%"&é’%flgmf 3S?ela%tqs§ﬁie aQ‘Eﬁe% e¥atgr(*c)
treating thé siwilebst ﬁﬁhééblﬁm déumay hredesiragle rigamemploy knowmpe‘pt(eh;:

with the primerseHdi st ilch ﬂéldﬁ{:.qiz‘é@dltbl @Vid0 electricaliClahlgl foPEhEEr
ext ensi on product. i s synthe t.he si ngl e st rands

produced in st PYpyeTESS- esPeClaﬁl}'é'r}?ﬁF&t%mesgp%yﬁlcﬁqlé’ﬂﬂ?? et use
process may be any Vehe aphvehtibtm 1nc1udleas§t cphroopsst divdar deF.QR:i:ng)ceh&

e.g. the so- Ca'ﬂ:ﬁé’ss?xﬁ:e Idy%ts@ﬁceoaf PRI ﬁ%earaﬁeﬁéleraéﬂf ape&ed"
PCR progess kﬁ& nvention therefqgre includes the us
anplifi- cHti BnCphc¥BECh s CRURE FERY ﬁ%tﬁ?e“ﬁ’ﬁ? WRdsLs ﬁcl"ﬁeﬁrf’gl the

hybri di sed to acell esldeseridiesi cdesaturiie retdased donbielstaanddd niededicbed

g][‘dt IhZ Séﬁi?ﬂf?ﬁéﬂg ?mnéa‘?%éﬁg% ‘é’?:mt'a§edediﬂl‘ire@d to th®YnhBeeAPPLiGALI ON
)%::r A;\. g the denatured nucleic acid with an ollgonucleot:.de

probe for the sequence; and determining whether the said
15 hybridisation has occurred.

Thus, the invented process has application in DNA and RNA
hybridisation where a specific gene sequence is to be identi-
fied e.g. specific to a particular organism or specific to a
particular hereditary disease of which sickle cell anaemia is

20 an example. To detect a specific sequence it is first
necessary to prepare a sample of DNA, by the release of the
DNA from a cell as described which is in native double-
stranded form. It is then necessary to convert the double-
stranded DNA to single-stranded form before a hybridisation
25 step with a labelled nucleotide probe which has a complemen-
tary sequence to the DNA sample can take place. The process
of the invention can be used for this purpose in a preferred
manner by cé.rrying out the following steps:
- releasing DNA from a cell by the method described above;
30 ~ denaturing the DNA by applying a voltage by means of an
' electrode configuration as described to the sample DNA
with optionally a promoter in solution or bound to or
part of the structure of the electrode;
- hybridising the denatured DNA with a directly labelled
35 or indirectly labelled nucleotide probe complementary to
the séquence of interest; and



cation process optionally being repeated through one or nore

addi tional cycles. The process of the invention is applicable to
the ligase 35 chain reaction. Accordingly, the invention includes a
process for anmplifying a-target nucleic acid conprising the steps of
WO 97/ 08293 wa 9708293 PCT/ GB95/ 02 @@4/cRos/02024

-]0- rel easi ng the target nucleic acid froma cell as descri bed
followed by: - . (a) providing nucleic-ggid of a sanple as

si ngl e- stranded “nucleic acid; 5 (b) providing in‘the sanple
at least four nucleic acid probes, wherein: : 1) -the first

and second sai d- pr oldRtersiifiingr iWiRither the hybrz.d:.ﬁ&@b@ﬁ il bheuthéd d

and fourth of said S ondary. .nu c_acid_probges;
10 7} “the MHISE® gBiBaminavion mav. per bR RSRL L B pRELEAEL OF

hybridising to a firtde sexeket &hea thearlgemg afdrectly radio-labelled,
target nucleic aci d,fluorescent ' Ith)JeliEH SeCmiRiRlteksedt S| NgbE1 Bd ANtk

capabl e of | n a_second nme rimary 15 +
strand of tfe targeﬁnﬁyyﬁe¥55 g#aé 8:' Befng anfngfgﬁcgiy iﬁgg* ?£e9¥??%t
segnment of said pri mindgh carried biotigt fand exfanple ttar géticls podabedled
relative to the av:Ldln or avid £ Gy Q@eﬁﬁi@neaﬁ%ﬁ %"’H primary

strand of ta{) et to ol ni “of 20
the first probe of tII’?eaS'tYBﬁﬂa WA ﬂﬁsﬁi’o:b"e 15 customary to %\H‘E‘Pp’sal d
probes are hybrliBesexhet magpilé PNAnBoya membrane surface which may be com-

10 posed 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

15 treated with alkali once on the membrane to ensure conversion
to the single-stranded form. The disadvantages of such
methods are:

- heating to high temperature to create single-stranded
DNA can cause damage to the sample DNA itself;
20 - 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 hybri-
disation assays is the so-called "sandwich" technique where

25 a specific oligonucleotide is immobilised on a suxrface. The
surface having the specific oligonucleotide thereon is then
hybridised with a sclution containing the target DNA in a
single-—straixded form, after which a second labelled oligo-
nucleotide is then added which alsoc hybridises to the target

30 DNA. The surface is then washed to remove unbound labelled
oligonucleotide, after which any label which has become bound v
to target DNA oﬁ the surface can be detected later.

This procedure can be simplified by using the cell lysis
and denaturing process of the invention to denature the target

35 DNA from double-stranded into the required single-~stranded DNA
which can hybridise to the immobilised oligonucleoctide. The



strand of said target nucleic acid, V) the third probe is

capabl e of hybridising to the first probe; and 25 Vi)
the fourth probe is capable of hybridising to the second
probe; and (c) i) hybridising said probes with nucleic acid in said
sanpl e; ld.) ligating hybridised probes to formr g;g,ag 30
fused probe ggﬁﬁgﬁ%gs; and I11) denaturing DNA inﬁgg? saﬁgle by
appl ying a voltage to thel?eaction m xt ure. The

el ectrochemical DNA release and anmplification t echni que can be

used analytically to detect and analyse a 35 very small sanple of DNA e.g.

a SIng e Copy RePRidd 20180Lf0He, cofifldr U1ekeT il Ca08) | Rl 3035100 1M

-11-, referencerigd ecExpde Ang/orad BFANItaTheap ks dagorporared ddtout
may detehoseuriacs Wrt avivied -tle;mr we.aaugghésnmé oot s siierias TRyl
I s used as pol erat.ur Q er | S .

preferred. |If %neaél%\?vgjb% y"Ir)n;‘f{rr'gs eﬁ‘les cﬁéél g“d ,sgg'#%ieeﬁ tgr%%?%‘ﬁ]reéxlde PEPRES |
be suitabl®. |¥2Rmfhee desiaddede ansl cbpe oyokheom ppPpibed to release and

stabilisati on desanifriesheo mai d Q"hﬁclt:f'é§@1t%@3§§n§?¢1§@canaded DNA is

e T nvent | on Wstftided Wich 3eE° 3gR e rycl plf sbPRETESE i de Biiania s and, o

absence of a prkeleferfnpedafiry eftichithes crpmaioeing stage8 ofn aa s=eidwivdh ch '

conprises: rel £95aP0cans| Qi Guk.OMaihethe above s€&id & 4aS iiefe

denaturlngorelgféﬁghg0gb£gégt£gp eﬂﬁgugéﬁéééatures or addition of alkali
reagents as in the conventional process.

The release of the nucleic acids from the cell or cells
and the denaturation of the nucleic acids may be conducted
under similar conditions in which case there may be no clear

is division between the steps of cell release and denaturation.
The nucleic acid may be denatured as it is released from the
cells.

Other cell contents than nucleic acid may of course be
released according to the methods of the invention and the

20 release of such other materials may be utilised in various
ways for instance, the release of specific proteins may be
used as a step in an assay procedure in which such proteins
are detected. RNA released may be detected in hybridisation
assays or amplified, e.g. by 3SR or HNASBA techniques.

25 Generally, intracellular materials released by methods
according to the invention may be utilised for all of the
purposes for which such materials have been utilised when
released by'conventional cell lysis procedures.

The invention will be further described and illustrated

30 with reference to the accompanying drawings in which:-

Figure 1 is a cross-sectional view through an electrical
cell for use in accordance with the invention;

Figure 2 is a gel produced in Example 1 showing release
of protein from cells; '

35 Figure 3 is a gel produced in Example 2 showing release
of protein from cells;



acid by neans of a voltage applied to the nucleic acid;
hybri di sing the denatured nucleic acid with an ol i gonucl eoti de

probe for the sequence; and determ ni ng whether the said 15
Rybri di sati on has occurred. Thus, the invented process has
application i d RNA hybridi sation where a $pgfdgokfoseNe
sequence is to be 1denti - fied e.g. specific to a particular
organi smor specific to a partigylar hereditary disease of which
si.ckle cell anaem a is 20 an exanpl e. To detect a specific
sequence it is first necessary to prepare a sanple of DNA, by the
rel ease of the : fs150 I cklb f Chai Sl Rat |
doubl e- st?é%‘axé%jm?orl% s ??&?si)?ﬁg%g%ééc%%sggﬁwjb&c%n\%gﬁhgﬁe PR
doubl e- amplifhrRfetrf AskR4rRSSE  EFRR Rl BBfore a

hybri di sation- Phgusé apivid kroskabett behdll&lieat tikouyhohr alticrhdtdsea

conpl enen- elec%¥i<%%iycé’ff‘%@C%sgoiﬁhghw%éﬁrggq%ﬁcan take place. The

process e ITnvention can bé use This purpose in a.
preferred 5 Theneetl byhowm i Fjgore fheombrises gy Ftags container

- releasing DY haeidq tSR) k1B¥tibgedmidad pdeagr iMesl 220EYE; suspensitth 12

denaturing the by_ap I ng a vol.tage, by neans .qf ;an_el ectrod
configuration agglggg%rli bFeq(‘}x? SHEFEESLRBI §4 parailer’fofnfés vﬁﬁ%on rods
optional ly a prspaced bn Sdiats om sndboaming & giiameter above said faperefl

the structure opolhAesLHEBAHCL mm. A length ofN¥bEd disSiRoct e danaldy ed
DNA with alglre tlélabelle or indirectly | abell.ed

35,
nucl eot i de r ob@*BBRTI %’Fr’écr‘ut%ﬁ/ fyppension. the sequence of interest;
and ‘WO 9Fh (898rnative apparatus is shown in Figure 5 where the

PCT/ GB95/ 02024 cell illustrated co riges a'grapﬁijt%' block 10, corf@i@fi@gniang
whet her the hybridisation has occurred,
4 mm diameter well 12 on its upper surface, constituting a
first electrode. A second electrode formed from a 2 mm
15 diameter graphite rod 14 having a tapering end portion 16 is
pressed into the well through an insulating collar of plastics
material 18. The rod is adjusted down-wards in the well until
it forms a short circuit and is then lifted back by as little
as possible to open the circuit again. The capacity for
20 liquid for the cell is approximately 25 pl. A DC voltage is
applied to the apparatus with the well being made positive
with respect to the rod by preferably 1.6 to 2.5 volts.

Although the rod electrode shown in Figure 1 is blunt
ended, it provides a sharp edge between its flat end and its

25 tapering frustoconical surface. An optional alternative
configuration is for the rod to be sharpened to a point. This
may be achieved by using a conventional pencil sharpener. The
resulting electrode may be further smoothed using a blade oxr
abrasive. Using such a pointed electrode, the capé.;ity for

30 liquid of the well is increased to 40 ul.

Multiple processes according to the invention may be
carried out simultaneously in apparatus.containing a multi-
plicity of sample receiving wells each provided with a
respective electrode pair, one electrode in each case

35 optionally being the well itself. In a preferred form for
such apparatus a block containing the wells has a 1iftable 1id



whi ch determ nation may be by detecting the presence of t he probe,

the probe being directly radio-Iabell ed, fluorescent |abelled,
chem | um nescent |abelled or 5 enzyme- | abel | ed or being an
kndirectly Iabelled pr obe which carried biotin for exanple to
whi ch a | abel avidin or avidin type nolecul e ca n&ﬁhﬂg

| at er. 09'1’%2%3 typi cal DNA probe assay it is custonmar ;P/c?t(;& I mobi -
lise the sanple DNA to a nenbrane surfacgéMnch may be com 10 posed of
neutral or charged nylon or nitrocell ul ose. The i rmobilisation is
achi eved by charge interactions or by baklng t he nenbrane contai ni ng

DNA in an oven., eated to high at ure

ensure conver si% E?ﬁﬁfi%%eméepengf‘?% e&é‘f’f‘h %?%F@%Vﬁ&?ﬁg c'l#’h‘gdf
menmbrane or it mggn hpwe 18 pair exfi edenitrbdakkanithmdedorin verionbr pnesible
ensure conver sigiRectrodko é&?fo%'ni&':.%n%”éﬁ’&?d fsor Paraiiée Qo'&dvaggggg;@e;pf

h t hod - h t hi
i T doplates’ optigpally ok Mihi qafuchin T?ﬁafiawpﬁ T YR

si ngl e-strande®
- the usé of ogitiienallyeofiimaesh. amlaekcrnatbmly, stigiglepfelectrodes may be

neutralisation p%fv%%dh&brﬂﬁi' 's‘:i‘&'f&\@afc'ﬁ %Qﬂ lsethedb1ock contalih‘ih €

t ake place. nproved nget carrfxvHﬁ out r obe hy
e

di sati on assayé"qlg'st H@Ysc}’%a?‘l’%@m%’a‘fﬁjmi"é%" “‘?%cﬁﬁ Afh &t ec n 58¢peRd f ic
ol i gonucl eot i deliestrodebi | Thed bipck off Welds majealsc centhinerbapeogivée

specific oligo o1 r 1.Saqtqhen hybridi sed with a sol ution
cont ai ni ngléi[ he%?'grcg:et B%EIA}:gP ith w°elSl| ‘ngl e-stranded for:;:r]6 after which a

second | abdl 1 ed ol i goe 1id mﬁﬁcl"é’&‘?i"&éel g fheh R4ALE RAFERCRI BeaFiRg | thees
to the target FlecdidAde dheekavrdrmmies fokheachmém‘d drel e meparanbobadking

| abel | ed %}Lj , l5 I C Q@,% und
to target DNA glﬁal“tg%gucﬂ g‘gec%]?]é‘lbglﬁiect ed z‘a.'lglrag a4 o6 tﬁ?f roc&gure
can be sinplif iCPIRFEISFRGTENLIRATTAARS when the vy HRRNF 576 BFSE@E%e%f

t he inventi on tzso s:iﬁ!@ﬂ.teUEerbfltal gelipPby HNAHe amidowmblebet sphiledbingaid he

required Sl ¢iULANded DN supdfidd S8 DYPLLARR I tHRAIIOLL! Stk
electrodes such that each electrode is controlled, e.g. to a
constant voltage or constant current. The plate portion
carrying the electrode array may thereby be replaceable
without replacement of the control circuitry and may be made
20 disposable. The plate portion and the backing member may be
aligned with one another on assembly by locating pins and
apertures and may similarly be aligned with the block

containing the wells, which also may be disposable.
The following example illustrate methods according to the

25 invention.

Example 1
Gram negative bacteria (E. Coli strain DHS«F (Gibco,
BRL)) were grown overnight in Luria Bertani medium. The
30 average cell density achieved was 1 / 10% cells mi71.
¢ Harvested cells were washed in 1M Tris buffer, pH 8.0 and
resuspended in 1/5 of the volume of the original culture. Two
carbon electrodes were placed in the sample as shown in Figure
1 and direct voltages of 2 to 8V were applied for 2 to 5
35 minutes. Positive control samples were boiled for 5 minutes.
The cell debris was pelleted by centrifugation at 5000 rpm for
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- 13- wor king electrode, counter-electrode and optionally a

ref erence el ectrode and/ or a pronoter can be incorporated into a test

surface or a well in which the DNA probe assay is to be carried out.

The cel |l sanpgg o3gshe®! | gonucl eotide probes 5 can then be aggppidstoidne

vol tage applied to rel ease and denature the DNA The resulting

singl e-stranded DNA is hybri di sed wi thethe specific oligonucl eotide
i.mmobi | i sed on the surface after which the renmaining stages of a
sandwi ch assay care carried out. Al the above steps can take place 10

without a need Somihnughst enger20unds of addi tduperdhtahkalias andBpgan

in the conventi of the nu Ielc aci

fromthe cell O?f%%ﬁf%éﬁﬁ?%% Ahd e SéngE ?é%g%fggﬁdﬁ|“§%%uC|g giBgRqsw ﬂé@ be ,
conduct ed ufeRirRSs iR | klugendi tThes dasanidenpnsigatehetkatayappd yviage| 2ar

15 division bepsegi:idie &iﬁ&'éﬁce(?%ﬁ § L EPesE ﬁzmi Qeoawé agHPn mmuIQS

nucl ei ¢ a0|g g be denatlﬁ‘[F s |t |s released f ﬁ i
Cther cell 2ont&hts k MEFTHEE%X? REFSHS 586r§€°ﬂet e cpl eas§&mllar
according to theemtkﬁ)@a)fobtthenﬁdvuain@mht&tndtangovoleagasﬁ & t=u@v.ot her

materials may be utilised in various ways for instance, the rel ease of

specific protei e used as a step in an assay procedure in which

such proteins ﬁgé@aéig%tected RNA rel eased nay be detected in

hybri di sati on asthey/ sape expérinetiale cgndbyiER wereNASEA atsadh:nEﬁtuﬁple 25

General |y, 10|ntiaﬁﬁbbé|ﬁﬁt LR '%Eancéﬁl§?§@Eroéﬂildﬁﬂéfﬁg§ %lng
oses or

to the inventiao be utiJise or
such materials ’6 ‘4 E=S e@%"e%ease qfelpé’é?§§anb§r%n9€ﬁt Femu e%m
| ysi s procedur eafter only 1 wihatenvention will be further described and
illustrated 30 with reference to the acconpanyi ng drawi ngs in which: -
Figure 1 is a cross-sectional view through an electrical

_ Example 3

15 In order to demonstrate DNA release and to increase the
sensitivity of detection we assessed cell lysis by amplifying
DNA using the polymerase chain reaction.

Esc chi coli, strain DHSaF (Gibco, BRL) were

transformed with pBR322 (Sigma) and grown overnight in Luria

20 Bertani medium containing 100 ﬂgm_l"1 ampicillin. The average
cell density achieved was 1 x 108 cells ml-l. Cells were
harvested by centrifugation at 10000 rpm for five minutes and
washed in PCR buffer (10 mM Tris, 50 mM KCi, 2.5 mM MgCl,, pH
8.3). Cells were resuspended in PCR buffer at a concentration

25 five times that of the original. Positive controcl samples
were treated by boiling for 5 minutes.

Two carbon probe electrodes were placed into the sample
and 4-8 V (d.c.) was applied (power supply; Thurlby 30V, 23a)
for between 0.5 to 2 minutes. The cell debris was pelleted

30 and supernatants were analysed by PCR. PCR conditions were
as follows; 0.1 pl/ml of sample in PCR buffer {as above), 1uM N
{each) of primers ATGCETCCGGCCGTAGAGGAT and GTATCACGAGGCCCTT,
200 pM of each of dATP, d4dCTP, dGTP, dTTP, 5U/ml AmpliTaqg DNA
polymerase (Perkin Elmer). All reagent concentrations are

35 given as the final concentration in a reaction volume made up
with PCR buffer (as above). BAmplified DNA was analysed on



cell for use in accordance with the invention; Figure 2 is a gel

produced in Exanple 1 show ng rel ease of protein fromcells; 35

Figure 3 is a gel produced in Exanple 2 show ng rel ease of protein
fromcells; WD 97/ 08293

PCT/ GB95/ 0202340 ¢7/08293 - 14- PCT/GHob/M5L 4 S
a gel produced in Exanple 3 show ng PCR anplification of DNA rel eased
fromcells; and : Figure 5 is a cngss-sectional view through an
alternative electrical cell for use in the invention. 5 The cel |
shown in Figure 1 conprises a glass container 10 having two el ectrodes

14 di ppi ng int Cagafedd Se1EP888iR8d Mith ethBalfhbrdhfael eshr QRS Y ADRA
paral | el point efl car botn r(%d

) spacged, by t 0.8 _nm apd havi dj anet er
above said tapetERIMERE (&N §I%¢ e§§85€e‘1 rﬂﬁs‘l%‘il&:f'gtﬂeb%‘% t(cﬂ’q'%S of¥as
el ectrode i s 10cbsgyyrdl imisampAesswbpemdiarh been subjectedate erhmtshoxrtest
oron e bl ok T oo B BO slRhAs! tBee, FAGELS L) | ST ST OF The?
surface, cofstiPiiGfg iR icatgfir Jthad eﬁmdéys"sﬁ\ séeémeé g‘é’t r e FERIHed

froma 2 mm 15 vall tags € reeremsied DNAOLR lekduns g &heapackgrowent! pmirt-iypzedic
i's pressed &g D tdisna-daly tllg_.lg,gggh an insulating collar of plastics

material 18. The rod is adjusted down-wards in the well until it forms
a short circuit and is then lifted back by as little as possible to
open the circuit again. The capacity for 20 liquid for the cell is
approximately 25 [err]l. A DC voltage is applied to the apparatus

with the well being nade positive



with resp preferably 1.6 to 2.5 volts. Al t hough
the rod e;m!ll[mﬂgmﬂimﬂunn Figure 1 is blunt ended, it provides a
sharp edge+between st Tl=at end and its 25 tapering frustoconical surface.
An optional alternative configuration is for the rod to be sharpened
to a point. This may be achi eved by using a conventionaflmgg@ '

shar pener. ThBW)ym”m?esulting el ectrode nmay be further snoothe ug?%%4a

bl ade or abrasive. Using such a point,gd el ectrode, the capacity for 30
liquid of the well is increased to 40 [er?] | . Mul ti pl e processes
according to the invention nmay be carried out sinultaneously in
apparatus containing a nulti- pIicitgééiﬁganple recei ving wells each
provided with a respective electrode pair, one electrode in each case
35 optionally being the well itself. In a preferred formfor such
apparatus a bl oak coRtmethed fdiepwoltsSiffitedehisbt 6Dl ihtradellular mate¥@l
97/ 08293 PCT/ (3B95/ 02024

- 15- with el ecffF88egn%e%’én'%ﬁ51eg € %%?e??%%ﬁ%q 58 WP E%%%a%ﬂf
may have a pair of ehettmrodesthan i3 viollsi vova isuspepsdonbrentaineraiste
conformati ons such ageparakl gb11£ds, parall el pl ates, optionally of
mesh, or coaxial hollow cylinders, again 5 optionally of nesh.
Alternatively, single el ectrodes my be provided on the lid for each
wel | and the bl @&k canmathpdgas helaimedndhn| Slaty be wharedst seddavclrge siar ve
as a common second froft| 8CEredesg Fhgel.ock of wells may al so contain
respective el ectrodes for each well. 10 The lid nmay conprise a
flat plate ﬂ%rtion beari ng the el ectrode or el ectrodes for each well
and a separate Backi Agmethod as claimed in Claim 1, wherein said voltage is

from 0.5 'to 18 wvolts.

4, A method as claimed in Claim 1, wherein said voltage is
is from 1 to 10 volts.
5. A method as claimed in any preceding claim wherein said

voltage is applied between electrodes spaced by no more
than 5mm in said suspension.

20
6. A method as claimed in any preceding claim wherein said
voltage is applied between electrodes spaced by no more
than 5mm in said suspension.
25 7. A method as claimed in Claim 6, wherein said electrode
spacing is no more than 1.5 mm.
8. A method as claimed in Claim 6, wherein said electrode
spacing is no more than 0.5 mm.
.30

9. A method as claimed in any preceding'claim, wherein said
cells are bacterial cells, yeast cells, plant cells,
animal cells, insect cells or human cells.

35 10. A method as claimed in any preceding claim, wherein said
' voltage is applied for a period of at least 30 seconds.



nmenber bearin ectrical connections and circuitry which connects up
t he el ecllmgmmulam wo parts are assenbl ed. A single electrical
supply t split by said 15 circuitry and supplied in
a controlled ‘mafinef’ to the el ectrodes such that each electrode is
control | ed, Qo3 constant voltage or constant curpEnépesazetde

pl ate portion carrying the electrode array may thereby be repl aceabl e
wi t hout replacenent of the control circuwis~y and may be made 20

di sposable. The plate portion and the backi ng nenber may be al i gned
wi th one another on assenbly by | ocating pins and apertures -and may
simlarly be atignenl métthod e blatied in ClaAmalo] Nghdtwanvehlia, velide glsso

may be di sposabl e. e_f g. eX Ie | l.ustrate methods
according to the 25app%lnevden Q pe%.oﬁv"nga féerao é miny tt ‘Gram negative

bacteria (E. Coli strain DHS[err]F (G bco, BRL)) were grown over ni ght

in Luria Bertamng. mexlingBhod Ibecﬁﬂlmedi\&ef 208imCel! ﬂ%&%ﬂrb’ sashl RyRhys gl /
10[ arr] cels M[er[é% edi(f esteﬁycﬁlls were.washed in 1M Tris ffer
5] t

pH 8.0 and res 8%\ A Be% & ori gi nal cul ture.
Two carbon el ectrodes were pl aced in the sanple as shown in Figure
1 and direct vgttage%:étﬁma be a&?éﬁuga@sahggé é@fax%iéd) n%&élc%ﬁag&bl
Positive control sa es vvere m nut esm‘1 a res
was pel | eted by cen J'I’ao trande nucg\%°9ﬂ"6§2§3’°‘“
PCT/ GB95/ 02024 cells by applying a voltage of nd6-more than 50 volts to
10 a suspension of said cells with an electrode to release

nucleic acid from said cells and denaturing the double

stranded nucleic acid by applying the same or a

different voltage to said suspension with said electrode

to convert said double stranded nucleic acid to single
15 stranded nucleic acid.

14. A method as claimed in Claim 13, wherein to produce said
denaturation, a voltage of from 0.5 to 3 volts is
applied.

20

15. A method as claimed in Claim 13, wherein to produce said
denaturation, a wvoltage of from 1.5 to 2.5 wvolts is
applied.

25 16. A method as claimed in any one of Claims 13 to 1S,
wherein the denaturation is conducted in the presence of
a promoter which assists denaturation.

17. A method as claimed in Claim 16, wherein said promoter
30 compound is methyl vioclogen or a salt thereof or is a
multivalent inorganic cation.

18. A process of amplifying a target sequence of nucleic
acid comprising denaturation, hybridisation, and

35 replication of nucleic acid wherein the nucleic acid is
released from a cell by a method as claimed in any one



S mnutes and 20 [err]l of the supernatant was anal ysed by
el ect rophoumnmﬂuﬂmumryl am de gel, stained with Coonassi e bl ue.
The data applying a potential difference of 8 volts
and 4 volts*fof 5 ni'nufes” 5 (d.c.) resulted in protein release fromthe
g\e}l .  Sim I 7/08720565m ts ar eTﬁbt ained using alternating WidcHeefhs2 t O
: e sanme experinental conditions were used
as in Exanpl e 10 1 above but using redueed el ectrocution tines at 8
volts. This resulted in the release of protein fromthe cell even

after only 1 mnute. ~ Exanple 3 15 In order to denonstrate DNA
rel ease and to i ncreaseclitﬂns 1 tosknsand said dendeueation i aashaard o5 |

lysis b li fyi
Eacher i ehiarcol 1 orTubiechpied BlLiefoR Lol RS SR MBSkt rom
pBR322 (Sigma) and gmw]astﬁ/@p@lgnd betwansn @lsstrOBest%nﬂ anperiedcofitup tiong

100 [err]gm [err] an@'rﬁiﬁdﬁéh unfB® a¥fdPGfons sucklals H8NSdTerBdl eNgas 1
x 108 cells_m[err]. arveste g¥ cent hﬁugatlon at, 10000
f

rpmfor five& m nutes %’ﬂl‘m gfmﬁgﬁeﬂuﬁ’ﬂ SECRBY BLEBRRY OF BRFtHR e,
2.5 MM Mgd [err], pHeingle8st¥andeGeEbzmwin cthesamipdridad in PCR buffer. at a
concentration 25 five times that of the original. Positive cont r ol

sanpl es treated by b0|I|n for 5 ar bq
probe el ectr ode%S an puplif &ér%“oﬁﬁﬁ as °£a"‘5?ﬁl in gl?il‘(‘dl% )w(i'b?&?
applied (power suppl 9heT¢mplif,M:@mvpn prycedure figg BIR weehCR.5 to 2 mi nut es.
The cell dglgris was pelleted 30 and supernatants were anal ysed by PCR
PCR conditions were as follows; 0.1 Jerr]l/m of sanmple in PCR buffer
(as above), 1[ePPtM® Prpgaes) & pr¥eR}yicatiageT acamucdricacasidanaghich
GTATCACGAGGCCCTT, comﬁ:ﬁﬂséﬂ rjelleatingclonbld AdEyandelP ndGER c GERR, £3dm

Anpl i Tag DNA gﬁ%:ﬁfcéonce A EL"BiLimed .}Lnrgﬁ)}ge&{e Wﬁ%&g@t ;003

are 35 glven as the ratiron In a reacti‘on vol
with PCR buffer (as aPove§Paratifg fthed sSRARAEsoAngl Fample fouble- Cstranded

15 nucleic acid in solution under the influence of an
electrical voltage applied to the solution from ann
electrode; hybridising the separated strands of the

nucleic acid with at least one oligonucleotide primer
that hybridises with at least one of the strands of the
20 denatured nucleic acid; synthesising an extension
product of the or each primer which is sufficiently
complementary to the respective strand of the nucleic
acid to hybridise therewith; and separating the or each
extension product from the nucleic acid strand with
25 which it is hybridised to obtain the extension product.

21l. A process for detecting the presence or 'absence of a
predetermined nucleic acid sequence in a cell which
comprises: releasing nucleic acid from the cell by a

30 method as claimed in any one of Claims 1 to 12,
denaturing released double-stranded nucleic acid by
means of a voltage applied to the nucleic acid;
hybridising the denatured nucleic acid with an

. oligonucleotide probe for the sequence; and determining
35 whether the said hybridisation has occurred.
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2.. Anethod as clainmed in Caim1l, wherein said voltage is from
0.5 to 50 volts. 10 3. Anethod as clained in daim1l, wherein said
voltage is fromO0.5 to 15 volts. 4. A nethod as claimed in
Craim 1, wherein said voltage is 15 ' from1l to 10 volts. 5 A
met hod as cl ai [.n_any preceding claimwherein said ~voltage is
appl i ed betwegﬁggwg%Prodes spaced by no nore t han SPRR/eRPS2924 _
suspension. 20 6. A nethod as clazﬁpg in any preceding claimwherein
sai d voltage is applied betwe | ectrodes spaced by no nore

than 5mMmin said suspension. 25 7. A nethod as clainmed in C aim6,
wherein said el ectrode spacing is no nore than 1.5 mm_ 8. A
nmethod as clainmed in Caim6, wherein said el ectrode spacing is
no nore than 0.5 mm 30 9. A nmethod as clainmed in any preceding claim
wherein said cells are bacterial cells, yeast cells, plant cells,
animal cells, insect cells or human cells. 35 10. A nethod as cl ai ned
in any preceding claim wherein said voltage is applied for a
period of at |east 30 seconds.

ELECTRODES +

POWER |SUF'PLY
o ' 0O
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FIG. 1
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-19- 11. A nethod as clainmed in Caim 10, wherein said voltage is
applied for a period of at |east 2 m nutes. 12. A method as cl ai ned
in Claim1ll, wherein said voltage is 5 applied continuously for a
sai d period. 13. A method of producing single strande ' cid
wht ch w%(f’ﬁﬁsses rel easi ng doubl e stranded nucl eic %ﬁ#’%ﬁﬂﬁ
cells by applying a voltage of not nore tz n 50 volts to 10 a
suspensi on of said cells with an el ect rgd o rel ease nucleic acid
fromsaid cells and denaturing the double stranded nucl ei c acid by
applying the sane or a different voltage to said suspension with
sai d el ectrode to convert said double stranded nucleic acid to
single 15 stranded nucl ei ¢ aci d. 14. A method as clained in
Claim13, wherein to produce said denaturation, a voltage of from
O5to 3 volts is lLed. 20 15. A method as clained in daim
13, wherein to proMLgai (ﬁﬁﬁﬁmﬁ denaturation, a voltage of from1.5 to
2.5 volts is MW appl MBLECULARRWEIGHDMARKER et hod as cl aimed in any one of
Clainms 13 to 15, CTAL WEEATHVE CONREL (LERBINIBURFER ROR SHECWHBlLECt ed in t he
presence of 1 a probmiredy,B0i ch as<iENEH (JHEEXPERIMERT)

4 2min, 2v, DL
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L Smin, by, OC

5 Smin, 2v, 0

b 15min, 4v, O

7 Smin, v, OC
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17. A method as clained in Caim1l6, wherein said pronoter 30

conpound is nethyl viologen or a salt thereof or is a mul tival ent

i norgani c cati on. 18. A process of anplifying a target sequence of
nucl ei ¢ acid conprising denaturation, hybri di sati on, and 35
replication of 89%& acid wherein the nucleic acid is pPcT/GBYSGh28RS ed
fréodma cell od as clained in any one WO 97/ 08293

PCT/ GB95/ 02024 3 fLo- of Claims 1 to
12.and sai d denaturation is conducted by subj ecting a solution
containing said nucleic acid to a vol t age applied between

el ectrodes for a period of up to 2 mnutes under conditions such
as to covert at Ieast a 5 portion of the nucleic acid to a wholly or
partially Lﬁ ed formin the solution. 19. An
anplification pr ﬁgﬁ in Caim18, wherein t he
anplification pr edure LCR 10 20. A process for replicating
a nuoleic acid mm rises: releasing double stranded nucleic
acid from ceIIs % hod as clained in any one of Cains 1 to
12; separating tQF stran anple doubl e- stranded 15 nucl ei c

acid in sol ution ggnder t Af?w m'Le(L?h fABUFFER FOR THE WHOLE
LENGTH OF THE EXPERIMENT)
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el.ectrical voltage applied to the solution from ann el ectrode;
hybri di sing the separated strands of the nucleic acid with at

| east one ol igonucl eotide priner that hybridises with at | east one
of" the strands of the 20 denatured nucleic acid; synthesising an
ext ensi on oduct of the or each prinmer which is sufficientl
coﬁplenentaryﬁ?%g?ﬂ%&%espective strand of Phe nucl ei c PC“EB?H“W%
hybri di se therewith; and separating tQF q{ each ext ensi on product
fromthe nucleic acid strand with 25 / which it is hybridised to obtain
t he extension product. 21. A process for detecting the presence or
absence of a predeterm ned nucleic acid sequence in a cell which
conprises: releasing nucleic acid fromthe cell by a 30 nmet hod as
claimed in any one of Clains 1 to 12, denaturing rel eased

doubl e-stranded nucl eic acid by means of a voltage applied to the
nucl ei ¢ aci d; hybridising the denatured nucleic acid wth an
ol i gonucl eoti de probe for the sequence; and determ ning 35 whet her
the said hybridisation has occurred.

N

Ry

U6

P—.—

A\

2
®
FIG.5



