1 Reaction System The present invention relates to a nethod of carrying out
anplification reaction, in particular, the polynerase chain 5 reaction (PCR)
usi ng .a di sposable unit, and to disposable units wused in the nethod. The
controll ed heating of reaction vessels in such nmethods is often carried out
using solid block heaters which are heated 10 and cool ed by vari ous

nmet hods. Current solid block heaters are heated by electrical elenents or
thernoel ectric devices inter alia. Oherl reaction vessels may be heated by
hal ogen bul b/turbul ent air arrangenents. The vessels nmay be cool ed by

t her noel ectric devices, conpressorregiticgesaiosm t echnol ogies, 15 forced air
or cooling fluids. The reaction vessels, which are generally tubes or
curvettes, fit into the block heater with a variety of |evels of snugness.
Thus, the thaheapreonitachveetiwectelicedltock hedicsr canchitidngr &act i on vessel
varies from oneldgsi n of heater to anotther Int%{) reactions requiring

mul tiple tenpBPAttt & erhgEE ke RA AT of P hBOHSERSReSt2™ can be

adj ust ed @si ngaatiqr odPCRimadireg @odispddatylel onitexanpl to tdisplokel4 hevimal
cycling to arried usi ng the heaters. A disadvantage of the known

bl ock heat erggggi Y- rg"rgnht‘?ld;' lag 25 tinme required to allow the heating

bl ock to heat and cool to the tenperatures required by the reaction. Thus,

the time 10 £ATBbELGIGAAMIAAGY BR foldleohSulildhlsalhYVolle! GRURARL 1Y he
thermal dynam cs of the heater I'n addition to the rate of the reaction. For
reactions i nedtenrneranisdr ot usiadesc it tdorkilpiatezs veigpeeseuheatadages, this

lag tinme i gninkl cadtddy gl F£Licist RetndddTe chakest 1315aMPl Rie nkbeeFL£ack ON.
Thermal cyclers based on such block heaters typically take around 2 hours
to conplete dgated by electrical elements or thermoelectric devices inter

alia. Other reaction vessels may be heated by halogen
bulb/turbulent air arrangements. The vessels may be cooled by
thermoelectric devices, compressor refrigerator technologies,

15 forced air or cooling fluids.

The reaction wvessels, which are generally tubes or curvettes,
fit into the block heater with a variety of levels of snugness.
Thus, the thermal contact between the block heater and the
reaction vessel varies from one design of heater to another. In
20 reactions requiring multiple temperature stages, the
temperature of the block heater can be adjusted using a
programmable controller for example to allow thermal cycling to

be carried out using the heaters.

A disadvantage of the known block heaters arises from the lag
25 time required to allow the heating block to heat and cool to
the temperatures required by the reaction. Thus, the time to
complete each reaction cycle is partially determined by the
thermal dynamics of the heater in addition to the rate of the
reaction. For reactions involving numerous cycles and multiple
30 temperature stages, this lag time significantly affects the
time taken to complete the reaction. Thermal cyclers based on
such block heaters typically take around 2 hours to complete 30

reaction cycles.



reaction cycles. 2 For many applications of the PCR technique it is
desirable to conplete the sequence of cycles in the mninmum possible tine.
In particular for exanple where respiratory air or fluids or foods for
human and ani nal stock consunption are suspected of 5 contam nation rapid

di agnosti c nmethods may save considerable noney if not health, even |ives.
Apparatus for thermally cycling a sanple are described in W98/ 09728. In
this apparatus the reagents are held in & disposable unit which conprises a
thin planar structure so as 10 to ensure good thermal contact with reagents
cont ai ned i n Boremanyidppliketivrid sfatke rilke techiibqueofitpl asdasisalhé erd al s such

as pol ycar baonat r ol ypropyl ene, or.sil.icon. Silicon is. re{_(erred as the
t her mal condlj:cr2> 3???/ tglﬁséregg %/eato(%t ﬁ%c%eesadgn?ge e Ié\a?c’es(flagiec “ﬁ/e.' However
in order to €ff perticRER fenctdiagplelGhevrerespivitogivcalir reeadédntids are

enpl oyed, th Lol d.w ' aL ] bl . her
fornms of di s§8§§%| gg]'nun}{gtr|rl %%I’ gg%eaglgg% es(':l%%c'f)ﬂr] c§§§ ctgL%]Bng)LEg S%&f%gﬁioqrhese
i ncl ude ufdi t sontaninatign chphttiagposhiame2bods usdvnisarme insidagsbluch units

have good thgf(or[ggk, PF bhkEPen, ERenf fLded hat biol ogical reagents are in
contact with the” surtaces of the unit across a high surface area (i.e.

there is a high surface area:volune ratio) appears to magnify any
i nconpat i bi | APPaEaEYS ther thaFedily, cYel ife acRpBnte (&t I9FFdbsdel® i onal PCR

reaction congiogps7a@y hai thid a@b¥Latths kBaCLEMentEharapphiacants have found
that surprisingly PCR reactions can be successtully effected in units which

have hi gh surf-ZE8s ke unifovkifh FEMPELIa5s 2ahiin Rl aPageS YIUEEFat SV &Sy si npl e,
readi |y agai ltabkaseadsReizantSermdld cbhtdct®tiah saifdriat esntcamebeinse

unit. The units are made either of plastics materials such as

polycarbonate or polypropylene, oxr silicon. Silicon is

preferred as the thermal conductivity ensures that the reagents

are heated quickly. However in order to effect a PCR reaction,
15 where biological reagents are employed, the silicon must be

coated with a biocompatible layer.

Other forms of disposable unit are described for example in EP
0723812. These include units with metal elements such as

20 aluminium. Although such units have good thermal properties,
the fact that bioleogical reagents are in contact with the
surfaces of the unit across a high surface area (i.e. there is
a high surface area:volume ratio) appears to magnify any
incompatibilities of the reagents, to the extent that

25 conventional PCR reactien conditions may fail to give a

reaction.

The applicants have found that surprisingly PCR reactions can

be successfully effected in units which have high surface area:
30 volume ratios and are made of relatively simple, readily

available 'components, and that metal substrates can be used

under particular PCR conditions.

According to the present invention there is provided a method

35 of carrying out an amplification reaction, said method



under particular PCR conditions. According to the present invention there is
provided a nmethod 35 of carrying out an anplification reaction, said.

met hod .3 conprising supplying to a well in a disposable unit (a) a sanple
whi ch contains or is suspected of containing a target nucleic acid sequence
(b) prinmers, nucleotides and enzynes required to effect said anplification
reaction and (c) a buffer 5 system and subjecting the unit to thermal
cycling conditions such that any target Aucleic acid present within the
sanple is anplified; wherein the disposable unit conprises a thermally
conducti ng | ayempriwirng Supplyfingayera hedilngnonelizposable nedgens) avel | s of up

to 1000 m croRs.i ' e ' : eact ] m xture
conpri ses at gg{ ?e gﬁgt?gf Q?%%ﬂ?%l FEV\%%%%EB% ad %l%gfégtés%gtngmg éergbg'itn t he

p. H is abovengclsi@jacdddeeqtqyest (barryigersC)nuclispsefengradgentymess Tar get
nucl ei ¢ aci ds ;LA Hide tNBe AN RN Sl LiaBESe A4 IHebERA QM §8FTd QREcbpC! ude
the pol ynerase chain reaction as nentioned above. In this case, the priners
used are AnpEYFEeRt 30 PRPIETS PEnthe HBiEnty iEe I@eApFYSEnguerRiE ig88d 20

pol ymerase, i BupRMéhfULAL thefdmhlystall-gqdONA RokYIBFRSE thdClamAs TAQ
pol ymerase. Suitably the wel]ls are from 100-1000 m crons in depth _and

preferably | e8EPHHEARHBoRPRT b FEe AlgRaseR1e | vrifaroreEt sis RefPer™®idYare from
100- 500 mi cr ogsnddctiept hayéepina bnridirg capéexXiaviakabes drombhe *Hagkance
between. the th conducting |ayer, and the facing |ayer. Preferably,

| ]
at 1 oast a bulfets StBniamkios RIEFED i oFRth dsfaned thersbrtvesi ahdd.

Sui t abl e hof f @he sysdmBnWhltural tompiiseanpti et bAg ¢Latkkl 6611owing:
A} a buffer system wherein the p.H. is above B.3;
B} a detergént; and/oxr

C) a blocking agent.
15 Target nucleic acids include DNA and RNA.

Suitable amplification reactions include the polymerase chain
reaction as mentioned above. In this case, the primers used
are amplification primers and the enzymes comprise nucleic acid

20 polymerase, in particular thermally stable DNA polymerase such
as TRQ polymerase.

Suitably the wells are from 100-1000 microns in depth and

preferably less than 500 microens in depth. In particular wells
25 are from 100-500 microns in depth. Depth in this context

relates to the distance between the thermally conducting layer

and the facing layer.

Preferably, at least a buffer system wherein the p.H. is above
30 8.3 is employed.

Suitable buffer systems which allow an amplification reaction
to proceed will vary depending upon the particular nature of
the materials used in the construction of the disposable units

35 and the reaction taking place. Generally speaking, the buffers



to proceed will vary dependi ng upon the particular nature of the materials
used in the construction of the disposable units 35 and the reaction taking
pl ace. -General |y speaking, the buffers 4 wused in conventional PCR reactions
have a pH of the order of 8.3 and conprise 10nM Tris HCl1 sol uti on. \Wen '
these conditions have been used in the disposable units described above,

it may not be possible to achieve a successful 5 anplification reaction.
Buffers used in the nethod of the reaction are suitably at a higher pH than
this. For exanple, the pH of the buffer is suitably from8.5- 9.2, nore

sui tably fronP8ed-1 FoaRenHPnalePeR MfaFtatnadeye pHPB.F Ehestrdnteodppl i cant's

have found t hat3badd ecspi<h oamerads hicahes1utdencentwraln @Rssé han st andard
PCR buffers are gre_ferred. Parti cul arl¥ suitabl e buffers for use in the

anpl i fi cati on®3BOYEREEi BAVHPERUPT it TBR THkSFRRL® Mo 38eFemilfdi s HC1 and
preferably abavbved0n¥ hay sndiChepbb$si®h1@ 26 GeHikher a sslidoce@keuronponent s for
the buffer_sol utio ., i ncl ude 1.t5n1\/l MyCl. 20 Snmal | anmounts, for exanple from
0.01 to 0.1% 7% 8P TSy about 0. 05% v/ v, of detergents such as
TweenT' " or Triton"" may also be present. 25 A particul ar exanple of such a

buffer systen]ai «one u\g@idcpn t%%ng%goeds Offr Qﬂé?’roe'a?: mMIris HC1 8.a§ @250 The

ion are .sult
presence of a OCKI ng "agent suchas bovine serdm Al Buni-n A)” has been
found to be atigmtmgdiotiban ithigar Fox dzamphbertthe 88 ¢hecheebgEhes isnder goi ng

reaction are g{ligacgél%#&@.rg_agt.zwx&d;}é gggta[%l&ag]é{”ﬁlyéa.rj_gf otgk?d di sposabl e

unit. Thereafter, I cat’i on” pfoduct “can ect'ed for exanpl e,
10 preferably at about pH 8.8 @ 25°C

The applicants have found that buffers which are at higher
concentrations than standard PCR buffers are preferred.
Particularly suitable buffers for use in the amplification

15 reaction of the invention comprise from 30-70mMTris HCl and

preferably about 50mM Tris HCl pH 8.8 @ 25°C.

Other suitable components for the buffer solution include 1.5mM
MgCl.

20
Small amounts, for example from 0.01 to 0.1% v/v and preferably
about 0.05% v/v, of detergents such as Tween™ or Triton™ may

also be present.

25 A particular example of such a buffer system is one which

comprises from 30-70mMTris HCl pH 8.8 @ 25°C.

The presence of a blocking agent such as bovine serum albumin
(BSA) has been found to be advantageous, in particular where
30 the reagents undergoing reaction are directly in contact with

the metal layer of the disposable unit.

Thereafter, amplification product can be detected for example,
!
by removing the product from the well and separating it on an

35 electrophoretic gel as is known in the art. Preferably



by renoving the product fromthe well and separating it on an 35

el ectrophoretic gel as is known in the art. Preferably 5 however, reagents
used in the anplification such as the prinmers are |labelled with a
fluorescent |abel, or a fluorescently |abelled probe, able to hybridise to
the.target sequence under conditions that nay be generated within the

di sposabl e unit. 5 where the disposable unit conprises multiple wells, each
may be pre-dosed with different PCR prinmers as well as the DNA polynerase
enzynme. This gives the possibility that a single sanple may be

si mul t aneous| §owesstre dr éagerttse uped siantbe oimpl ifdngbion Gush ds fifler pointiar get

sequences. - Sultablay.eh e TRIA 2USREJodcLhe {ighibl v, canducting layer of the

di sposable unit is alum nium e a unlnlun1fa0|n ayer 1s surtably in the
form of an al tabeilgsh Podhe, ﬁPlPetﬂuhMbélﬂiﬁ?:P9 FbFIt#ﬁﬂﬁtbee@EﬁﬂquumﬁQ¢1 a

plastic or ot Q&de?ﬂl%?”ﬂ?&ﬂ Fh'a?l b&YftherBtia tﬂt%lhstﬂ@tdlsﬁgyéﬂféj une O der to

ef fect a successf ul reaction 1n accordance wth the i nvention.
particul arty SU|tabIe coating material is polystyrene or other naterlal

which al  ows fhe-d aner diébcl%%bﬁ@%nﬁe%ﬁﬁris%st Hﬁlfzfﬁié‘%ehﬂerea&omlﬁ'b% avoi ds
the need for thec§§gsence of an adhesive. A particul ar exanpl e of

heat - seal abl ePFR1APSEFr B ddaferentalPGRi AFIRALS PA Yella@gi Fa®I™% r om Advanced
Bi ot echnol 0gi g8§1ymelrERS OsRAe,. fchd 150k deras phheipDsey tAB: B0 ngké The

facing | ayer be thermally_conducting or thernally insulating depending
upon whet her ??%%¥$ MRY i ed 6tiﬂﬁﬂﬁ59yhg te%<§°FhEb?nﬂrFs§P°%nﬁ§ 8rr %%;

faces. Were éf tdigiteBehy wrduciddienckayer is required, it is suitably an
alum nium | ayer, preferably with heat seal abl e coating for exanple of 30
pol ystyrene. This allows ready nmanufacture of the units by

Suitably the metal used in the thermally conducting layer of

the disposable unit is aluminium. The aluminium facing layer
is suitably in the form of an aluminium foil. If required the
15 foil may be coated with a plastic or other biocompatible layer
but this is not required in order to effect a successful PCR
reaction in accordance with the invention. A particularly
suitable coating material is polystyrene or other material
which allows the layer to be heat-sealed to the facing layer.
20 This avoids the need for the presence of an adhesive. A
particular example of heat-sealable polystyrene coated
aluminium film is available from Advanced Biotechnologies,

{Epsom UK), and is sold as Thermoseal AB-05898.

25 The facing layer may be thermally conducting or thermally
insulating depending upon whether it is intended to supply heat
to the unit at one or both faces. Where a thermally conducting
layer is required, it is suitably an aluminium layer,
preferably with heat sealable coating for example of

30 polystyrene. This allows ready manufacture of the units by
heat sealing two layers together. Areas are left unsealed so
as to provide one or more reagent wells between the layers as
well, as channels allowing feagent materials to be introduced
inte the wells.

35



heat sealing two | ayers together. Areas are |left unsealed so as to provide
one or. nore reagent wells between the layers as well, as channels all ow ng
reagent materials to be introduced into the wells. 35 6 1In a preferred
enbodi ment however, the facing layer is of a bioconpatible plastics

mat eri al such as pol ypropyl ene or polycarbonate, which is transparent. This
allows the progress of reactions conducted in the wells to be nonitored.

For 5 exanple, where the anplified‘reacti%n utilises visible |abel neans,
such as fluorescent |abels, the progress of the reaction can be nonitored
using a fl uorks@epteleaasc ebedidwentcbovever; thel fadkimowhayer tiseofira. Exanpl es

of suitable flIRSCe ARIYEi cPedERLT ief] LOMd1l3EaRAGFed ok Nt er nati onal
Pat ent Application 10 No's PCT/ (B98/ 03560, PCT/G§b8 35 and

PCT/ GB99/ 005(RP1IYcATECRAta whidh |4F franeraredtenbBuinedlovhdhenPECTRSE i n t he

method has a &Omaast!thsldonahecy GATRRE SINA satSPACIRAiLaY&S. BBYi ng hol es
and channels define the wells and channels adhered 15 between the thermally

conducti ng | #FAPAfd IMESS SBF RTRIdFerT TRATEAD| YriliEespatiifgel AFrl i s of a
relatively ringishs, bs@aOrRAELR Lttt L DS 1IHT €RE Fhromiiels a5r RPleY cAEHANAL €.
Where an adhesive is enployed to secure the |ayers of the conposjte
structure, tHPMOReBPRAFIGEt U5 Pr FHRCHFTEBD T L L ANCDHExafpt®e of such

an adhesi ve iweld9RAMh aithesevertlvaEkampred b@NsudiMblGhel ofiteaneadsdyayer s of
the conposite structure are heat sealablq% t hen tQLEﬁggg ﬁgp!Lde a
preferred forthf 558 TRE TRHENTHI 17 S CRBATEA t AEPLEER TS
chem cal s10 n Ndia PCT/GBY8y 00660 heeaTeapefl0iSS3asnd dert./cR2%8/ Rrseikzer ably the unit
contains a plurality of reagent wells, for
In a particularly preferred embodiment the unit used in the
method has a composite structure comprising a spacing layer
having holes and channels define the wells and channels adhered
15 between the thermally conducting layer and the facing layer.
Suitably the spacing layer is of a relatively rigid
biocompatible plastics material such as polycarbonate. Where
an adhesive is employed to secure the layers of the composite
structure, the adhesive must itself be biocompatible. 2An
20 example of such an adhesive is 7957MP adhesive available from
3M. Where component layers of the composite structure are heat
sealable, then this may provide a preferred form of assembling
the unit as the requirement for further chemicals in the
vicinity of the reagent is avoided.
25
Preferably the unit contains a plurality of reagent wells, for
example from 10-100 reagent wells, and generally from 30-96
wells. This form allows a plurality of different reactions to
be effected at the same time. Reagents may be introduced by
30 way of one or more channels provided in the unit and open at

the edge thereof.

Suitably the wells are each connected tc a common reagent
channel to allow ingress of sample into each well. Suitably

33 the channel is of sufficient dimensions to prevent mixing of



exanple from 10- 100 reagent wells, and generally from30-96 wells. This
formallows a plurality of different reactions to be effected at the sane
time. Reagents may be introduced by 30 way of one or nore channels provided
in the unit and open at the edge thereof. Suitably the wells are each
connected to a common reagent channel to allow ingress of sanple into each
well. Suitably 35 the channel is of sufficient dinensions to prevent m xing
of 7 reagents in individual wells by conVection, and furthermore to limt
significant mxing as a result of diffusion effects. If required, each well
can be seal abteagende fnl|iretivifioal eveddpl ey mpnvesthemi @al feftdrermbreortof one

or Doth 1 aver gl 36t dard nBYund 1By SRAL 08 oddrleBRoSAALQr dpsl el

spacer neans such as”s | ass l"ot'1 ni may be present
w t hin the wefé¢auingedor ereh wellermube shaiehlemaneae siiflliiedi efnt yexopphe thy al | ow

easy ingress zﬁ’écha:hgcéfa@éefbtrglati& engha! or %%&ga;iﬁg{gxesa%%ﬁ and«l By t@{)ti cul ar

PCR reagent priners or probes, are introduce o the wells, sui ly in
dried form p‘f“ﬁi’r seglim@- construction of the unit. Thus the 15 reagents are
pl aced or printed onto one of either the thermally conducting |ayer or the
facing layer before the layer is adhered to the other |layer or to the
spaci ng | ayer I WECES SpF LB (oS SRR 2GRS JResas| éu%latsssaﬁﬁﬁ}iaﬁéb\’?“cﬁ a

conveni ent si g€al1b@kni SXANR) emay @Y prayehe WQlthif M@l et din Qrdeshtd”
di mrensions or they may be simlar, 1.n size to a mcroscope slide. Thus the

units will ge?fésruarlel §hB~‘é "cﬁ‘“aéﬁu%‘r‘fef’tﬁle%)clf ARG 5P THAYea9% INFEFESch si de
is suitably frexgemtko 25cm |l ong. The thickness of the unit will depend upon
the nature of the particular

In general, certain reagents and in particular PCR reagent

primers or preobes, are introduced intoc the wells, suitably in

dried form, prior to the constructioﬁ of the unit. Thus the

15 reagents are placed or printed onto one of either the thermally
conducting layer or the facing layer before the layer is
adhered to the other layer or to the spacing layer where

present.

20 The disposable units are suitably of a convenient size. For
example, they may be of “credit card” or “chip” dimensions or

they may be similar in size to a microscope slide.

Thus the units will generally be of square or rectangular shape
25 where each side is suitably from 5 to 25cm long. The thickness
of the unit will depend upon the nature of the particular
layers used but they will generally be as thin as possible
consistent with a mechanically robust structure as this will
ensure that reagents are heated in as rapid and as even a

30 manner as possible,

Generally howaver, the thermally cenducting layer and any
thermally conducting facing layexr will be of the order of from
5-25 microns thick. Thermally insulating spacing layers may be

35 thicker, for example from 100-500 microns thick. Spacing



| ayers used but they will generally be as thin as possible consistent with
a nechanically robust structure as this will ensure that reagents are
heated-in as rapid and as even a 30 manner as possible. Cenerally however,
the thermally conducting layer and any thermally conducting facing |ayer
will be of the order of from 5-25 mcrons thick. Thermally insulating
spacing |l ayers may be 35 thicker, for exanple from 100-500 m crons thick.
Spacing 8 layers will be sufficiently thfck to ensure that the well

di mension is of the order of from 100-1000 m crons, preferably from

100- 500ni cr onsayadsheii 13 percisvg Lhebentlys thhclgoBghkere tihathth¢ sweldher e used,

08, Ul t ablielinRnst anedkOa RS Ebhp Dol ensh lxdhst apadabipen the

conducting |l ayer an e facing ayer In the we Pre e ‘openi ng
into wells wi {f’f'ﬁ”h 10ReS BPmichoaspy Qwroﬁpa‘alltgomnscmheﬁsmkﬂ?thas a single

opening in orgdgl1d,0.i0rsiggd, fwlif%ef ehhtmwagaéﬁgme%n@ot&ga@ phse the
risk of contamination. In order to fill such a unit with a |i uid sanple,

air rmust bk ekperd ed. dﬁ?@%?%@%ﬁé%%%&“@fl%)’erpaﬁﬁ e FAgénent or by
filling the upifed NnatN@GiUMschanber. The access channel of the unit is

pl aced in contact with a 15 liquid sanple which will generally include PCR
buffers, within a vacuum chanber. The chanber is first evacuated to

el im nﬁt e ?: Préféllﬁbhﬁ.petwi@en&%sﬁ&%eﬁéli£wl‘tﬂlﬁ?tté§ %&HrﬁT fyr ey #f quid
into the we S 1nh the unit This arra nment o 1,SpPOS e unit orns a
o Cher amect S EhoAL FRAT Bae FHTES GPERERS GRbOBAREC ¢ he

i nvent i onlo pr oislasyatBé smaaablgeomattlfmrar&mtdumnﬂ@s& therxidk @y¥cling

reaction, said n|t cp risi_ng ath L conduct i l.ayer and. .a facing
| ayer having &° aﬁ'}lgﬁl [@ ‘of IPegﬁ Js‘%/dséjfc ndd™"t with®a fifuid

sample, air must be expelled. This may be done by means of a
pump arrangement or by filling the unit in a vacuum chamber.
The access channel of the unit is placed in contact with a

15 liquid sample which will generally include PCR buffers, within
a vacuum chamber. The chamber is first evacuated to eliminate
air from the unit. Subsequent return to pressure forces liquid

into the wells in the unit.

20 This arrangement of disposable unit forms a further aspect of
the invention. Thus in a further embodiment, the invention
provides a disposable unit for conducting a thermal cycling
reaction, said unit comprising a thermally conducting layer and
a facing layer having a plurality of reagent wells defined

25 therebetween, characterised in that all the wells are fed by a
common channel which includes a single opening to the outside

of the unit.

Suitably such units may include some or all the other preferred
30 features described above. In particular the wells are predosed
with dried reagents, such as PCR reagent primers or probes. In

addition thermally conducting layer is suitably a metal layer.

In a further embodiment, the invention provides a method of

35 filling a disposable unit as described above with a liquid,



25 therebetween, characterised in that all the wells are fed by a comon
channel which includes a single opening to the outside of the unit.

Sui tably such units nmay include sonme or all the other preferred 30 features
descri bed above. In particular the wells are predosed wth dried reagents,
such- as PCR reagent priners or probes. In addition thermally conducting

| ayer is suitably a netal layer. In a fuyther enbodi nent, the invention
provi des a nmethod of 35 filling a disposable unit as described above with a
liquid, 9 said nmethod conprising using air pressure to force the |iquid
into the unitsaithpsthey wEreisna ¢¢ipg plaeragstire Wenferemdhesdiguid quid in

a vacuum chanffilo, th€dueiNg PR ES Sy bl Ne A G eaCHATIG 1 8YCENd RAL £08%a 1 S _
evacuat ed fronythe‘dlgﬁqsable unit, 5 immersing at |eaSt the opening of said
unit in sai d $3GuitdIuihdn PNERERE FHaRPYys FEEUF NG HEGSEREMbEY s3béh t hat

liquid is for@febetOs@dd @hat N@adinist eLhEQUAY Ehom GRRNUASpoAletat Y, the
opening is inrersed in said |rquid before the, 10 pressure in the chanber is

reduced. Sui t'¥BIEESYRR AIMIEAERDES PRBIDASL T SBLANTVeAE 831D RABWRNdn  t he
art. 15 The dirfippesabhg pieiskardescisabadciddee sadh hadsedqiiy asvasi®idy of
apparatus adapted, for, thernal cycling reacti.ons including that described in
Wp98/ 09728. | fnﬁgftFQﬁﬂugg?yt ??Fbrg%ﬁ FBFBFnent however, the method is

20 effected in apparatus which conprises a plurality of heating blocks and
conveyor means for _hol diing and .movi.ng. di sposable .units b en the bl ocks.
SUl L ably ¢ horF EPE=ROYT I B rc At b SoRE e Grrot ET P aHtS HORGES TF an

anpl i fi catdi orpregaote oin ther chantsaplie, reduaggi.cal PCR reaction invol ves a
cycling process of 25 three basic steps.

Suitable wvacuum chambers include wvacuum ovens as are known in

the art.

15 The disposable units described above can be used in a variety
of apparatus adapted for thermal cycling reactions including

that described in W098/09728.

In a particularlf preferred embodiment however, the method is
20 effected in apparatus which comprises a plurality of heating
blocks and conveyor means for holding and moving disposable
units between the blocks. Suitably there are sufficient blocks
to effect different stages of an amplification reaction. For
example, a typical PCR reaction involves a cycling process of
25 three basic steps.
Denaturation : A mixture containing the PCR reagents (including
the nucleic acid to be copied, the individual nucleotide bases
{A,T,G,C), suitable primers and polymerase enzyme) are heated
to a predetermined temperature to separate the two strands of

30 the target nucleic acid.

Annealing : The mixture is then cooled to another predetermined
temperature and the primers locate their complementary

sequences on the nucleic acid strands and bind to them.



Denaturation : A mxture containing the PCR reagents (including the nucleic
acid to be copied, the individual nucleotide bases (A T,GC, suitable
prinmers and pol ynerase enzyne) are heated to a predeterm ned tenperature to
separate the two strands of 30 the target nucleic acid. Annealing : The

m xture is then cooled to another predeterm ned tenperature and the priners
| ocate their conplenmentary sequences on the nucleic acid strands and bind
to them 10 Extension : The mixture is H®ated again to a further
predeterm ned tenperature. The pol ynmerase enzynme (acting as a catalyst)

j oi ns the i ndExtiedgabn nudreonigeunzadesheareadhegent ©f a fhetwd mer to forma

new strand of_nuekel ¢ Leh.j.s 5 I h e of the
target nucl eitc ac:tg%ﬁ%r_l?leg qﬁ&%&%ﬁdg&gﬂﬁ%{ﬂ%&%ﬂ%ﬂi %éggg?%e%&%ﬂlgl %‘ifa
denat ur at i on R¥FhL Ulasaithe ofndiyédarayucdpoils basgpi kalthenaedlding

tenperatures @ pRimiN&Lrdeh OfnewdCralith 2XhEBSQN LeAPHAUEES of 72C are
generally of the correct 10 order. In a preferred apparatus for use in the

met hod of 3t hecomPAGBRARYSTY, tat thefnauense fd thretdreal puckeie agéddt i #tp bl ocks

are provi dethyLashamds \Méiiﬁ? bsuddefettd control of an automatic 15
tenperature control neans. I'n use, one block is maintained at the

denat uration terrpeia ure, one block is nmaintai ned at thg annegj,i ng
tenperature an@®i§Ae PIRICTREI AR YRERBRLELES £hE Chiddi®r 8RO %éndr oty
t enper at ur e. thija.cdl Spasailliagutkidpdratithen arer apstiey redes esfianst cahhy bet ween
t he bl ocks usei ok he ctonvee%% 205 rggagi, such as_ a onvgycg belt, and held in
the vicinity OF- g848R CFPERETEEN %BI A21% ¥ 6r IB S PEnt SHEPEBECDf time to
al | ow t helounidrdea.r each the tenperature of the block and to allow the
rel evant stage of the anplification reaction to take

In a preferred apparatus for use in the method of the

invention, at least two and preferably three heating blocks are

provided, each of which is under the control of an automatic

15 temperature control means. In use, one block is maintained at

the denaturation temperatﬁre, cne block is maintained at the

annealing temperature and one block is maintained at the

desired extension temperature. The disposable unit is then

transferred sequentially between the blocks using the conveyor

200 means, such as a conveyor belt, and held in the vicinity of

each of the said blocks for a sufficient period of time to

allow the unit to reach the temperature of the block and to

allow the relevant stage of the amplification reaction to take

place. The conveyor means suitably comprises a timing belt

25 attached to a stepper motor.

Each heating block can be segregated such that individual wells
or groups of wells within the disposable unit reach different
temperatures in some or all of the reaction stages. For

30 example, the annealing block could be segregated into four
zones to allow four different annealing temperatures to be
reached in different wells in the disposable unit. This may be
required to ensure the specificity of four different specific
amplification reactions.
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pl ace. The conveyor neans suitably conprises a timng belt 25 attached to a
stepper notor. Each heating block can be segregated such that individual
wells . or groups of wells within the disposable unit reach different
tenperatures in sone or all of the reaction stages. For 30 exanple, the
anneal i ng bl ock could be segregated into four =zones to allow four different
anneal ing tenperatures to be reached in different wells in the disposable
unit. This may be required to ensure thélspecificity of four different
specific anplification reactions. 35 11 |If necessary, actuators such as
sol enoi ds, neif becpsstivdedctadlows eancih dd sokemgndtisar mapdged provédedp t he

di sposabl e unjt _._agal.nst e |t r.1,ange .L.S0 as to
ensar e good TRIFmer s aesa; 2y WXEARUES bo 1 imd AP bhas® 20

conpri se heatdgagnst| dremilockvitiarh i4r bs rivanagétcaboye $tndd @&s tenpeaueures to
the blocks. ;H@sencahit ReAcg@ntribute to the heating effect to ensure that
the desired reaction tenperature can be reached 10 within the unit as
rapidly as possible. This may be particularly useful where the facing | ayer

of the di sposRikeniyNide hetBaldle’ TRbhYe1GRRINS) | Mohp-2¥EMmeHGRgaS an al uni nium
| ayer. 15 Operation of the conveyor means, the heating bl ockS, the

act uat ors an®liEREnheatitighereardfistainet ot P AT AETBPRRNIEESI o B a

conput er openAldeRy. a Tdskabhs HeHOEbhtHIduRetd &e hBEtiklpHrrede anpl i fication
reaction. 20 An alternative form of heati ng appar at us ma)gt conprise an

el ectrical | y $0GHIGct Ty thEI §erednReRRtimRy T HRPS AT R af 2 yilten Teprched

10 within the unit as rapidly as possible. This may be
particularly useful where the facing layer of the disposable
unit is a thermally conducting layer such as an aluminium

layer.

15 oOperation of the conveyor means, the heating blocks, the
actuators and the heating elements are controlled automatically
by a computer operating a suitable algorithm to effect the

desired amplification reaction.

20 An alternative form of heating apparatus may comprise an
electrically conducting polymer, which may be integral with or
arranged in close proximity to the disposable unit. Such

apparatus is described and claimed in PCT/GB97/03187.

25 In a particularly preferred embodiment, the apparatus used in
the method further comprises means to detect the presence of
labelled reagents within the disposable unit. This may
comprise a fluorescence detector device as mentioned above.
Where the facing layer of the disposable unit is of a

30 transparent material, the fluorescence detector device can be
used to detect signal generated within a well either at the end
of or at any stage during the amplification reaction. Such a

system may be particularly useful in connection with assays

such as the TAQMAN™ assay, where continuous monitoring of the



arranged in close proximty to the disposable unit. Such apparatus is
descri bed and clainmed in PCIT/@B97/03187. 25 In a particularly preferred
enbodi nent, the apparatus used in the nmethod further conprises nmeans to
detect the presence of |abelled reagents within the disposable unit. This
may - conprise a fluorescence detector device as nentioned above. Were the
facing | ayer of the. disposable unit is of _a 30 transparent nmaterial, the

f1 uorescence detector device can be used*to detect si gnhal generated within
a well either at the end of or at any stage during the anplification
reaction. Suctignalsserem gl bkahsddedceddrd yugsed (H FCR tergideni on with

assays such @as,Jihes TAQVANIM a85aYma WP £ 10RNEE NUQHS JRR0E tQIGuRg0f the 12

signal froma dual |abelled probe during a PCR reaction provides the basis
for quantitation of the target sequence. The detector device is suitably

arranged suchrid@ktbBenC QRYEYOris 2ulBARDy RASaRTed NRIH EROS e U dyd2ef ore
it at the desired stage or stages during the anplification reaction.

Anpl i fi catd o3RS PRIPRS dheddsthassbdea bgfare it abl yhe Aesiagd Hhpge
rapidly, for exawphesidudiggSthdampld@ritaulds redbionmay be 10 achi eved by
hol ding the reagents at the tenperatures required for the various for about
30 seconds. This neans that the results of the reaction can be ascertai ned
early and al sangiigtcativh ebhetichobsdiéddiSibes Sbovecagenssithalyeesr yakl s
where there is a co n channel _are_njni m sed elimnated.. 15 1n a
particul ar enBOdFABRT Y FEFi ﬁ\ﬁaé’?ﬁ]ieoﬁngl%?ﬁ &Z‘E“n& FBEUEFS: ¢ MY &R an
anpl i ficalli onadtdaekd aty headdtingetHeodesgeis sitNghe Stanpleyatigrds0 raquetdd i n a

di sposabl e ung

& g doscried. above () -asanpl eyl b, containg or is
suspect ed of Tont §I ni g a -t ?]fgei% 50 nucefcé"‘lngsam d’seﬁlueﬁce%‘(ab) pfi mers and
enzynmes requiresthlte of the reaction can be ascertained early and alsc that
the effects of diffusion of reagents between wells where there
is a common channel are minimised or eliminated.
15 |
In a particular embodiment, the invention provides method of
carrying out an amplification reaction, said method comprising
supplying to a well in a disposable unit as described above (a)
a sample which contains or is suspected of containing a target
20 nucleic acid sequence (b) primers and enzymes required to
effect said amplification reaction and (c} a buffer system
which allows the amplification reaction to be carried out in
said unit; subjecting the unit to thermal cycling conditions
such that any target nucleic acid present within the sample is

25 amplified.

Preferred variants including buffer systems, disposable units
etc. are as set out above. In particular, said dispesable unit
comprises a thermally conducting layer and a facing layer

30 having one or more reagent wells defined therebetween,
characterised in that said thermally conducting layer comprises

a metal.



effect said anplification reaction and (c) a buffer system which allows the
anplification reaction to be carried out in said unit; subjecting the unit
to thermal cycling conditions such that any target nucleic acid present
within the sample is 25 anplified. Preferred variants including buffer
systens, disposable units etc. are as set out above. In particular, said
di sposabl e unit conprises a thermally conducting | ayer and a facing |ayer
30 having one or nore reagent wells defi ffed therebetween, characterised in
that said thermally conducting |ayer conprises a netal. 13 The invention
will now be Fhetievgnidop débkmdvele yantdyudarlexdmsprtbed tly wayerfence to the
acconpanyi ng LLAGY AR Cerdfawicnds ¢k %g&lﬂéa snigOHY SorhrmAQYE an enbodi ment
of a disposable unit useful 1n the nethod of the i nvent on; Figure 2 is an
expanded sectdr@H1p®s |imehkehé of Figure 1; 10 Figure 3 shows an alternative
enbodi ment of the disposable unit wuseful in the nethod of the invention;
Figure 4 is a schematic diagram of apparatus used to fill a disposable
unit. 15 The FHEBrew ol adp| SrHiEett ffed Shirasavéat it uwFRELHiIpsbabl e
unit 1 ill uStjedhed 4 theOuh@enkicampri ses a "credit card" size unit having a
thin (approximately 10-20m 20 backing layer 2 of alumniumfoil (Figure
2). A spacing layer 3 of polycarbonate approximately 175-250 thick is
adhered to trigubackiiagahaygsardelysoB8id% 6h BihaAdhesé¥ rilgayeri4. Holes 5
and a channel 6 interconnected with the holes 5, is provided in the spacing
| ayer 3. A facing layer 7, also of polycarbonate

10 Figure 3 shows an alternative embodiment of the disposable unit

useful in the method of the invention;

Figure 4 is a schematic diagram of apparatus used to fill a

disposable unit.

15
The feollowing Example illustrates the invention.
The disposable unit 1 illustrated in Figure 1 comprises a
“credit card” size unit having a thin (approzimately 10-20pm)
20 backing layer 2 of aluminium foil (Figure 2). A spacing layer

3 of polycarbonate approximately 175-250u thick is adhered to
the backing layer 2 by means of an adhesive layer 4. Holes 5
and a channel 6 interconnected with the holes S, is provided in
the spacing layer 3. A facing layer 7, also of polycarbonate

25 and of the order to 175um thick is adhered to the spacing layer
3 by a further adhesive layer 8.

Dried reagents (not shown) such as PCR reagents as described
above may be applied to the backing layer 2 or the facing layer

30 7 prior to assembly by the adhesive layers. These reagents are
applied such that they will be coincident with holes 5 spacing
layer 3.

Once assembled, the holes 5 define reagent wells containing the

35 pre-dried reagents.



25 and of the order to 175mthick is adhered to the spacing layer 3 by a
further adhesive layer S. Dried reagents (not shown) such as PCR reagents as
descri bed above may be applied to the backing |ayer 2 or the facing | ayer
30 7 prior to assenbly by the adhesive |ayers. These reagents are applied
such that they will be coincident with holes 5 spacing |ayer 3. Once
assenbl ed, the holes 5 define reagent wells containing the 35 pre-dried
reagents. 14 In the enbodi nent of Figuré‘S, bot h the backing |layer 3 and
the facing layer 7 conprise a heat sealable alumniumfoil, in particular
Ther noseal , which conprises a 20mthick alum nium5 | ayer coating with an

appr oxi mat el y1pidieakc Rt YECARH 208! | G H REEEOL:KkiRY $8LECT UghYeeat
sealing the |ayers together, wells 10 and an I nterconnectlng channel 11 can

be defined. f3-TadrMEr W tIMRTEFR avdeRs eplabhe cdbdniindumhfalil.ngpance by the

presence of %m&%&%&%@(ﬁrm%!ﬂ? uﬂr&’chSH‘%{E asl%?:ngngd thilcR! AGmihEGM 210 to

325m di aneter”. Agail n, dri reagents suc redgents appropriate for
use 15 it heayet edtofig thiehi anesdproringte:1uUSAbtyiappbl et r@nei t her  t he
backi ng layer 3 or the facing_layer 7.prjor_ to heat. sealin and arranged
stch that 1n sReish et CpketeinbOF Lot AFEtin the SRR 10 20 The
arrangenent i tégstiheat, edeilns Biogane ah dhovsconecsysd ethanael fildannget he units.
Thi s systen1cgmg&k§ps a vacuum oven 13 attached to a vacuum punp 14 which
is controlled %y a regulator 15. Aregulator valve 16 is provided in the
systemso as to allow the systemto be opened to atnosphere. A di sposable

uni't 25 11y PrgA9380widalh Preele AR 15808 MRy iR HACTEstindd ByOLRD
presence of glass Ballotini balls 12, suitably ranging in size

from 210 to 325pm diameter.

Again, dried reagents such as PCR reagents appropriate for use
15 in the method of the invention are suitably applied to either

the backing layer 3 or the facing layer 7 prior to heat

sealing, and arranged such that in the final unit, they are

present within the wells 10.

20 The arrangement illustrated in Figure 4 shows one system for
filling the units. This system comprises a vacuum oven 13
attached to a vacuum pump 14 which i1s controlled by a regulator
15. A regulator valve 16é is provided in the system so as to
allow the system tc be opened to atmosphere. A disposable unit

25 1, pre-dosed with dried PCR reagents, is placed in the oven
within a container 17 and arranged such that the open end of
the channel is in contact with a liquid 18 comprising the
sample under test and buffers etc. required for the PCR
reaction.

30
The wvacuum pump 14 is then operated to evacuate the oven 13.
Air in the wells 5 and channel 6 in the disposable unit 1 is
bubbled through the liquid 18. Once the vacuum has been

established, the pressure within the oven 13 is allowed to



within a container 17 and arranged such that the open end of the channel is
in contact with a liquid 18 conprising the sanple under test and buffers
etc. required for the PCR reaction. 30 The vacuum punp 14 is then operated
to evacuate the oven 13. Air in the wells 5 and channel 6 in the di sposable
unit. 1 is bubbled through the Iiquid 18. Once the vacuum has been
establ i shed, the pressure within the oven 13 is allowed to 15 increase by
operation of the val ve 16, whereupon liquPd 18 is forced into the channel 6
and wells 5 of the unit 1. The filled unit is then renoved fromthe oven and
t he open end iﬁbxﬁaﬂehbyc¢nﬁn@eﬁoﬁ(@E&h@dVéxne @lanpherdwponedigsigallngsi f
appropriate o i V, e’". This unit is
t hen subjecte ? cfgg?%a cyc ?ﬂ%ﬁgﬂgﬁh ﬁé@gbgﬂsfanﬁiugkga ion reactions
take place in each well provided the 10 sanple |ncludes nucl ei ¢ aC|d whi ch

hybridises topf N6 AnLORLS ¢ RE eét“r‘%f feﬁa%‘%sﬂ%& Ola %Mﬁ %f»gés% | §adised in

this experinment were nagnesi um chl ori ovi ne Serum
Al bum n ( Fr odegttheo cBag&6ly )6, - Se@%éﬁf)@l eg@mduby NEﬁGS@El@W Ilﬁrl zna(r)

pre-set crystals H.8, 8 od 5753 Tween 20 ( duy t

P-2690), HPLC R néﬁ?n%gt% ‘? d’ucf’fn%“ 2’%’“6?% %)5( %’d in%ﬁll SuI phat e
(Product No 7783 20-2), obtalned fron1S|gna Chem cal s, Fancy Road, 20
Pool e, Dor set d; PNA RO P s cl eoti des
wer e obt ai ned l? omngge ring glr L?{}g’fé el m?J%H %&ag ng&tq'ngCR&C%:\EoLcaﬁemE%al S)
Limited, BeIIamkﬁwﬁlCEE¥anrEEaSiénsa;§§9xpiﬁ¢k hGatiK)welCupteomdsidi gbaucl eot i de
primers (HPLGafFRdehc1gis AbtAlNed hhom Qriaghemiddd cJodd GaTREss Vest of

present in the well.

Example 1

Materials used in this experiment were magnesium Chloride

15 (Product No M-1028), Bovine Serum Albumin (Product No B-8667),
Glycerol (Product No G-5516}), Trizma® pre-set crystals pH 8.8

{PFroduct No T-5753), Tween®20 (Product No P-2690), HPLC Mega
Oohm water (Product No 27,073-3) and Ammonium Sulphate (Product
No 7783-20-2), obtained from Sigma Chemicals, Fancy Road,

20 Poole, Dorset, UK. Tag DNA polymerase 5 units/pl, and PCR
dNTE’ s nucleotides were obtained from Boehringer Mannheim UK
{Diagnestics & Biochemicals) Limited, Ball Lane; Lewes, East
Sussex BN7 1LG, UK}. Custom oligonucleotide primers (HPLC
Grade) were obtained from Cruachem Ltd, Todd Campus, West of

25 Scotland Science Park, Acre Road, Glasgow G20 OUA, UK.

The target DNA was an engineered internal control construct,
pYP100ML, containing PCR primer sites for the anticoagulase
gene of Yersinia pestis. The primer sequences were YPPALS5S

30 (dATGACGCAGAARCAGGAAGARAGATCAGCC) and YPP229R
{dGGTCAGAAATGAGTATGGATCCCAGGATAT). These primers amplify a
104bp amplicon.



25 Scotl and Sci ence Park, Acre Road, G asgow G20 OUA, UK. The target DNA was
an engi neered internal control construct, pYPL1OOM., containing PCR priner
sites for the anticoagul ase gene of Yersinia pestis. The prinmer sequences
wer e YPPA155 30 (dATGACGCAGAAACAGGAAGAAAGATCAGCC) and YPP229R

( dGGTCAGAAATGAGTATGGATCCCAGGATAT) . These primers anplify a 104bp anpli con.
16 Reagents were prepared using the fornulations in Tables 1. The buffers
had four different adjuncts added, resultifng in 16 buffer formul ations
(Table 2). 5 PCR was perforned with one of the buffer conbinations, 200pM
dNTP' s (each)Redddvtpr veres prepaded \(:4al tHa DAl golonreiasBablesopg/ | Thet

pYP100OM. cons eqpk PRA. r fiLlling the
di sposabl e un%‘%fsﬁérg\gg?%'ﬁogg‘og'%gn f% Egé\gé%ss éggg‘%\/%%slﬂ?‘ggnﬁgncgﬁnect ed to a
vacuum oven. PoRearefgemekat(lopsoiTakdleudd) were | oaded into the groove of the
filling tool and the disposable unit set in place. The unit and filling
tool were placed into a vacuum oven and a vacuum 15 was drawn. The punp was
operated in aRCdmE@Enperfvniniedt Weth mepubicthey duffer nsimbuocetorrss, @AB@Ia vacuum
of -20nmbar wa reached, the pu w%s switched of f. Once the pressure was

equi | i brat ed M TEEOEPHEYi HIr RS RS %3Pk hfag GNR tPoLABEERETY was
renoved. The ﬁﬁp’i;wﬁ' 8t i gveiemf]l shasabke WY L3.40.£ Gpat BRch 4che PCR reagents.

The opening of the credit card was sealed with a PCR conpati bl e adhesi ve
(Araldite(r)) was allowed to cure on ice for -lhr. Testing of the

di sposabl e untie pRsSrsaLd irRd eviliy the &Feiddsibl<iuhltiero i AReanshidle Usi ng
the follow ng_tenperature profile: denature at 97C for 20 seconds,

anneal i ngltt BYHEIES, SBErdvas: &R, FPBRER it8n2 af2 s ® PBFP20 seconds. The
9700 bl ock

PCR reagents (~250ul volume) were loaded into the groove eof the
filling tool and the disposable unit set in place. The unit
and filling tool were placed intc a wvacuum oven and a vacuum

15 was drawn. The pump was operated in accordance with the
manufacturer’s instructions. O©Once a vacuum of ~20mbar was
reached, the pump was switched off. Once the pressure was
equilibrated at atmospheric pressure, the disposable unit
assembly was removed. The channels in the disposable units

20 contained the PCR reagents. The opening of the credit card was
sealed with a PCR compatible adhesive (Araldite®) was allowed

to cure on ice for ~1hr.

Testing of the disposable units was carried out on the Perkin
25 Elmer 9700 machine using the fellowing temperature profile:
denature at 97°C for 20 seconds, annealing at 50°C for 20
seconds, and extension at 75°C for 20 seconds. The %700 block
was flocoded with o0il to ensure good thermal contact between the
block and credit card. Control PCR reaction mixtures were also

30 run on this machine using the above parameters.

Testing was also carried out on a prototype Thermal Cycling

Instrument using the following reaction parameters: denature at



was flooded with oil to ensure good thermal contact between the block and
credit card. Control PCR reaction m xtures were also 30 run on this machine
usi ng the above paraneters. Testing was also carried out on a prototype
Thermal Cycling Instrunment using the follow ng reaction paraneters:
denature at 17 98C for 10 seconds, annealing at 50C for 10 seconds, and
extension at 77C for 10 seconds. Positive and negative (no tenpl ate)
controls were performed in 5 M croArrp(r}7 reaction vessels and thernocycl ed
in the Perkin Elnmer 9700 PCR instrunent. The sanple was carefully extracted
fromthe credgfc card 1Dysespaiss afinerljnpest &SU°C pfandtanatysiz]y Bydconventi onal
agarose gel 10 el ectrophoresis for signs of successful DNA anplification.
The PCR pr od §EEERHEE 3tud 7 $h 13X 2194 585PPYS agarose in 1X T.A E. buffer.

Et hi di um brom de was added to the gel at a final concentration of 0.5g/m.
El ectrophoresis was perforned in 1X T.A E. buffer_and allowed to run for

-30-40 mi nut 6§53 RHFEMSGHTHYE KBP I 'FIPHG 8] MY EPhD S PehERe ARt he gel

were Visyal hSedomfi®ddddciaNi RRle1ki Shy t@&@s!ma';e%a%% KeCoided rUshng a
Bi o/ Gene gel docunentation system The YPPA155/°YPP229R prinmer pair and

pYPLOOM. con$trget o (R PGReHnStXgmeBt st udy the bi oconpatibilty of two types of
di sposable unit as a platformfor PCR The first was a unit where both the
thermal |y conducti ngL | ayer and_the facing | ayer were of Therno- seal

al um ni um whit®f PFAEPLe Nag e ALY SEE @G Ed Bt e £ha ner ettt SRFLPYBal | ot i ni

bal s as spageafis dhe& pREEEEE Wibl aM@ a2 1906PQAS} Onudhtion@QNREA I3]0 gaD
al um nium.foi |

N | ayer as the_thernmall conducstag g _layer, % t{ansparent
pol ycar bdRat ELPEYEPRIefhd Fcifngne a%//fersuﬁﬁﬁs quBWc aF& A Puci hBSI ayer
(175m t hi ck) pchaysdfuhar QepdN®MEEn a 2% (w/v) agarose in 1X T.A.E.
buffer. Ethidium bromide was added toc the gel at a final
concentration of 0.5pg/ml. Electrophoresis was performed in 1X
T.A.E. buffer and allowed to run for ~30-40 minutes at 100
15 +wvolts. Following electrophoresis, bands on the gel were
visualised using ultraviolet light and images recorded using a

Bio/Gene gel documentation system.

The YPPA155/YPP229R primer pair and pYP10OML construct was used
20 to study the biccompatibilty of twe types of disposable unit as
a platform for PCR.

The first was a unit where both the thermally conducting layer
and the facing layer were of Thermo-seal aluminium which had

25 been heat sealed together and contained Ballotini balls as
spacers. The second unit was a composite unit, comprising an
aluminium foil layer as the thermally conducting layer, a
transparent polycarbonate layer as the facing layer and a
polycarbonate spacing layer (175pm thick). Layers were adhered

30 together using 7957MP adhesive.

The units were evaluated for PCR compatibility as well as
structural integrity and retention of volume during thermal
cycling.

35



30 together using 7957MP adhesive. The units were evaluated for PCR
conpatibility as well as structural integrity and retention of vol une
during-thermal cycling. 35 18 Al the chem stry PCR formul ati ons were
tested on a block thermal cycler in a tube PCR and were shown to be
effective when anal ysed using the technique of agarose gel

el ectrophoresis. 5 Wrk then commenced on testing the PCR formulations in
the disposable units of the invention. ™e conpositions which gave
positive results are indicated in Table 3 hereinafter. 10 Particularly rapid
PCR reacti onsadl tEpprcbrinhsityl PCRIfgumulabionsvregeatds arednusimpckppar at us of
the i nvention i S| . heat i 0 d rl hed.ab L st udy
denonstrat ed 'F' ﬁ%ﬁ]i %’Q?‘ﬁ% ai gp%%%%l%%%#?s&o%fe tg ﬁ(gWA ?% F%vg%%cot}t}gs a PCR

pl atform TabWhen amBdted Wamgothe i tmehnkgemlofl Xgavmposetli on Buffer

Composi tion 1,500 fbiss4CL pHB. 8 1.5nM MgC12 2 50nM Tris. HC1L pHB. B 1. 5nmM
MyC12 20nNI(NH4)ZSO£ 3 7/5nMM Tris.HC1 pH3.8 1.5mM Mgd 2 4 75nmM Tri s_HC1
pH8.8 1.5WM MyC12 20mM ( NH4) 2SO4

Work then commenced on testing the PCR formulations in the
disposable units of the invention. The compesitions which gave

positive results are indicated in Table 3 hereinafter.
10 Particularly rapid PCR reactions of approximately 19 minutes
were achieved using apparatus of the invention comprising 3

heating blocks as described above.

The study demonstrated the using the disposable units of the

15 invention as a PCR platform.

Table 1: Buffer Composition. Final 1X composition

Buffer Composition

1 50mM Tris.HC1l pHB.8
1.5mM MgCl,;

2 50mM Tris.HCl pHB.8

1.5mM MgCl,
20mM (NH,) SO,

3 75mM Tris.HC1l pHE.8
1.5mM MgCl.

] 75mM Tris.HC1 pHS.8
1.5mM MgCl,

20mM (NH,)}.80,

20



20 19 Table 2: Adjuncts added to Buffers. Final 1X conposition Adjuncts A
0.05% (v/v) TWEEN + 250ng/l BSA B 0.05% (v/v) TWEEN C 8% (v/v) dycerol +
250ng/ 1. BSA D Native (No adjuncts added) Table 3: A sunmmary of the results
obtained on the affect of 5 using disposable units of the invention as a
platformfor PCR Disposable Materials Successful chem stry wunit exposed to
PCR conposition solution Therno-seal Polycarbonate, Buffer 1 Adjunct B

al um ni um Pol ystyrene, Buffer 1 Adjunct ’G ass Buffer 1 Adjunct B Buffer 2
Adjunct A Buffer 4 Adjunct A Buffer 4 Adjunct B Conposite Polycarbonate,
Buf fer 2 Adj ufiegblq 2:ARdivmetiamadded SavBuifeesi i nabxBhpioapesibion range of

mat eri al s including alum niumand Therno-seal foil AB0598 with a

pol ystyrene coating were tested for possible use in the devel opnent of a

di sposable unit for FQR. Thepe were testeddd#Rie normal PCR clondi tions and

in the presence of a b gLk Y M”MWW conpatibility
20 )

with 15 the reaction.
B 0.05% (v/v) TWEEN

c 8% (v/v) Glycerol + 250ng/pl BSA

D Native (No adjuncts added)

Table 3: A summary of the results obtained on the affect of

5 using disposable units of the invention as a platform for PCR

Disposable Materials Successful chemistry
unit exposed to PCR composition
solution
Thermo-seal Polycarbonate, | Buffer 1 Adjunct B
aluminium Polystyrene, Buffer 1 Adjunct A
Glass Buffer 1 Adjunct B
Buffer 2 Adjunct A
Buffer 4 Adjunct A
Buffer 4 Adjunct B
Composite Polycarbonate, [ Buffer 2 Adjunct A
Aluminium,
795TMFP
Adhesive
Example 2

10 A range of materials including aluminium and Thermo-seal foil
AB0598 with a pelystyrene coating were tested for possible use
in the development of a disposable unit for PCR. These
were tested under normal PCR conditions and in the presence of
a blocking agent (BSA) to determine their compatibility with

15 the reaction.



About 25 pieces, 5mm x 5mm square (approx), of each material were cut from
sheets supplied. These were put into 1.5 m Eppendorf tubes with 1 m 10%
Tween 20 in deionised water. The tubes were vortexed and placed at 70C for
1 - 2 hours. 5 The pieces were recovered by filtration through 1 |ayer of
blue roll, placed in about 10 m deionised water in a 25 ml sanple bottle
and shaken. This filtration and wash step_was done 3 tines. 10 Pieces of
material were then placed in 1.5 nm Eppen@orf tubes and stored,
refrigerated, until used in a PCR reaction. Washed sanpl es of the material s
were placed | Abpat |45 PEEARS. POR Xr MAE(SWHATE URRSTAKL h asashsF @R imlx as

fol lows: 15 PGB:B%&&G&ESmlg{E\étF ls§péziqﬂeder§e§e é@%&@%n%m\/ios m™ MC12 20
0. 2nmM each dNTP ;)M each priner Taq DNA polynerase 0 or 0.025% Bovi ne

Ser um Al buni nEP °rf0tt=}]F’e-‘D it %HO%DRM?% 20n i dRtaisedfvakgsl-. Thde
priners used dghidQrlre FobPlkediPSRdSEIHdANaOf7d e £ErCOIH 2ARGurA gene. The
left primer is a 22mer and the right one a 21lner. The PCR thernmal cycle

was. 30 94€ x 5 nin (94C x 30s, 55C x 30s, 72C x Imnho 72C x 7 mn, 4C
hol d. Either iherpl?edalseﬁeﬁe Qfecaaéhedfﬁiyeﬁhﬁfré/ﬁlb% areedid @ L1hfer oEaBLiN.
Control reactlons WOyt & e ulPiE e 00 dud 2L, in 2 25 m1 sample
bottle and shaken. This filtration and wash step was done 3
times.
10 Pieces of material were then placed in 1.5 ml Eppendorf tubes

and stored, refrigerated, until used in a PCR reaction.

Washed samples of the materials were placed in Perkin Elmer PCR
reaction tubes with various PCR mix as follows:
15
PCR Reagents
10mM Tris.HCl pH 8.3
50mM KCl
2mM or 5mM MgCl,
20 0.2mM each dNTP
1pM each primer
1.25u Taq DNA polymerase
0 or 0.025% Bovine Serum Albumen (BSA)
0 or 0.5ng E.coli DNA
25 In a volume of 50pl.

The primers used delineate a 663 base section of the E.coli Aro

A gene. The left primer is a 22mer and the right one a 2lmer.
The PCR thermal cycle was:

30 94°C x 5 min (94°C x 30s, 55°C x 30s, 72°C % 1lmin)s 72°C x 7
min, 4°C hold.

Either 1 or 2 pieces of each material were added to the

reaction. Control reactions without test material and without



21 DNA tenplate were run each day. Anplicon was detected as bands on a

gel. The results are summarised in Table 4. Table 4 PCR M x Material 2nM 5nmM
2mM 5mM MgCl2 MgCl2 MgCl2 + MgCl2+ BSA BSA 1 piece Aluminium- - + +
foil (unwashed) 1 piece Alum nium- ++ ++ foil(washed in Tween) 1 piece

AB- 0598 2 pieces Alum nium- + + foil (unwashed)
2 pieces Alum nium- + ++ foil (washed |n Tween) 2 pieces Therno-seal - - -
++ foil AB-0598 5 where - indicates that?lno band was seen + indicates the
presence of a band ++ indicates the presence of a brighter band. 10 The
resul ts show DHAt tBBAaCACYeRs gdnt $rche siapat abiAmplycet Yase deheekidiasm based

materials (aspuRbl &S aMBEY. Ot HRESresdRSULES ABnarshOMy T281e .21 M5

Therno-seal - - ++ ++ foil

Table 4
: PCR Mix
Material %mM SmM 2mM 5mM
MgCl, MgCl, | MgCl, + | MgCl,+
i BSA BSA
1 piece Aluminium f - + +
foil (unwashed) |
1 piece Aluminium { - ++ ++
foil (washed in
Tween)
1 piece Thermo-seal %: - ++ ++
foil AB-0598 ‘
2 pieces Aluminium —é - + +
foil (unwashed) I
2 pieces Aluminium -é - + ++
foil (washed in é
Tween) i
2 pieces Thermo-seal —é - - ++
foil AB-0598 :

where — indicates that no band was seen
i

+ indicates the presence of a band

++ indicates the Qresence of a brighter band.

10 The results show that BbA increased the compatability of the
aluminium based materials (as well as many others - results not

shown) .



1. A nethod of carrying out an anplification reaction, said nethod
conprising supplying to a well in a disposable unit (a) 5 a sanple which
contains or is suspected of containing a target nucleic acid sequence (b)
prinmers, nucleotides and enzynes required to effect said anplification
reaction and (c) a buffer system and subjecting the unit to thermnal
cycling conditions such that any target nucleic acid present within the
sanple is 10 anplified; wherein the di spé’§ab| e unit conprises a thermally
conducting layer and a facing | ayer having one or nore reagent wells of up
to 1000 microns in depth defined thereb®tasmen; and the reaction nixture
conprises at |east one of the following: A) a buffer systemwherein the
p.H is above 8.3; 15 B) a detergent; and/or C) a blocking agent. 2. A

met hod accor ding & creghaf nofl aarsreng auteap. appldficheiomuehetiaysiseddi s above

B.3. 20 3. A getigd Rp6P1diN0 shgpgglrﬁigmta YN&enal Bnt Deyiiddsafie W buf Fer
systemis from8.7-9.0 4. Anethod according to any oné of the preceding
clains 25%wher@#wPlehehbei feOntayRs e donprIRasserr o SUOTPORMIT i3 tREpet 5. A

met hod accor dpgn diQ gkahneyudet e fj;ﬂ%m@f'é,f Shuci¥st £iBs GRAAPLA SfmRsabout 50MM
Tris HC1 pH 8.8 @25C. 30 6. A nethod according to any one of "the g;ecedl ng

claims wher eFTiHES E4cRF HFtNPREGrAPLAF L FRE 10O ABRFiSkRD PREN ®). G1PBefen. 1%

v/ v det ergent systlem,AafBt 1} 2€€0G R uh@t ClAitReBmidh &Rl nh heoRaitd oHet er gent
35 conprises Tween TMor Triton'". 23 8. A method accardi n% to anyone of

the precedi ngSEfaiTHet aRer@rIetnRucsds: polf iRFesrRb e iPnthhePdeehte of a

bl ocking 10 amplified; wherein the disposable unit comprises a thermally
conducting layer and a facing layer having one or more reagent
wells of up to 1000 microns in depth defined therebetween; and
the reaction mixture-comprises at least one of the following:
A} a buffer system wherein the p.H. is above B.3;
15 B) a detergent; and/or
C}) a blocking agent.

2. A method according to claim 1 wherein the p.H. of the
buffer system is above B.3.

20
3. A method according to claim 2 wherein the p.H. of the

buffer system is from 8.7-%.0

4. A method according to any one of the preceding claims

25 wherein the buffer system comprises from 30-70mMTris HCL.

5. A method according te claim 5 wherein the buffer system

comprises about 50mM Tris HC1 pH 8.8 & 25°C.

30 6. A method according to any one of the preceding claims
wherein the reaction mixture further comprises from 0.01 to

0.1% v/v detergents.

7. A method according to claim é wherein the said detergent

35 comprises Tween ™ or Triton™.



agent which conprises bovine serumal bumn (BSA). 5 9. A nethod according to
any one of the preceding clains wherein the thermally conducting | ayer of
the di sposable unit is nmetal. 10 10. A method according to any one of the
preceding clains wherein the thermally conducting netal |ayer of the

di sposable wunit is alumnium 11. A nmethod according to any one of the
preceding clainms 15 wherein the thermally_conducting netal |ayer is coated
with a plastic or other bioconpatible layer. 12. A method according to
claim 11l wherein the bioconpatible |ayer is polystyrene. 20 13. A nethod
according to any one of the preceding clainms wherein the thermally

conducting | ager » afd Holde a £ 8SHdiGy! @Meénﬁne bhecl %E@éé@ir?g Wikinare heat
seal ed together. 25 14. A nethod accord g to any one of” the preceding
S

cl ai ns \Nhereﬁﬁe¥?$ﬁf§99|ﬁ@a¢%ﬁﬂ9rléfeﬁﬁﬁ9§§ b%é@ﬁﬂ BrEFRRC Ofph | Rkarkdng

thermal |y condyeht NghilcRY 85mpriizes odBi0d 2GR O 18uRGnt ey, one of the
preceding clains 30 wherein the facing | ayer of the disposable unit is of a

transparent bioconpatible plastics material. 16. A method according to any
one of the precedi AOmétrddTBcBbidihg feyr shﬁror@oaprﬂ&e%rac&@ﬁcd RQakayer having
hol es and chan el s, tgp?4 defi.ne reagent | s and chanpel s %%fered bet ween
the thermal | y¥ Eﬁﬁﬂh %Vﬂﬁyaﬁan lPac PG 8Yethe LASPRSAR K 5ccor di ng
to claim 16 wiergétai.he Iayers are 5 adhered together by neans of a

bi oconpati bl e adhesive. 18. A nethod according to any one of the preceding

cl ai s
10 10. A method according to any one of the preceding claims

wherein the thermally conducting metal layer of the disposabla

unit is aluminium.

11. A method éccording to any one of the preceding claims
15 wherein the thermally conducting metal layer is coated with a

plastic or other biccompatible layer.

12. A method according to claim 11 wherein the biocompatible
layer is polystyrene.

20
13. A method according to any one of the preceding claims
wherein the thermally conducting layer and the facing layer of

the disposable unit are heat sealed together.

25 14. A method according to any cne of the preceding claims
wherein the facing layer of the disposable unit comprises a

thermally conducting layer.

15. A method according to any one of the preceding claims
30 wherein the facing layer of the disposable unit is of a

transparent bioccompatible plastics material.

16. A method according to any one of the preceding claims which

further comprises a spacing layer having holes and channels to



wherei n spacer nmeans are provided within each reagent well. 10 19. A nethod
according to any one of the preceding clains wherein the wells are
pre-dosed with dried reagents. 20. A nmethod according to claim 15 wherein
the dried reagents are PCR reagent priners or probes. 15 21. A nethod
according to any one of the preceding clains wherein the disposable unit
contains a plurality of wells and each well is fed by a common channel

whi ch has a single opening to the outsi d®¥ of the unit. 20 22. A method
according to any one of the preceding clains wherein the disposable unit is
pl aced i n appdefing xsagsntsvalgs and|dmmel aoadiwaednhetiasek she ededrmefl 1nhi ch

i's under the ggggﬁgéingoflaggra&htdoggéif:agi?,gp% Mre control neans, and

conveyor means 25 for "holding and transtérrinhg a di sposable unit according
to any one of the preceding clainms sequentially between the bl ocks. 23. A

met hod accordinfg t @ pbahdd 22cYRSIH] Rot BEaBPRA @hdkseir Yht NBIyGANRELSES an
actuat or above each bl ock and arranged to 30 clanp the disposable unit

agai nst thé r 88peEed Jeusthek Py reans ff Robilieevwadihge tadhesavem 22 or claim 23
wherein the heating block is segregated and each segnent is held at a
different tenperature. 35 25 25. A nethod of carrying out an_anpplification
reaction, sai d?-mefhBERUhPEFST NG EBPFY et B8 E % RFERBIIRG F1RANS

di sposabl e URhkresn rgackk OfedfisX hyé G reRIBEE SHGin( 3ici 12aGRhE wdiilch

contains or is suspected of containing a target nucleic acid 5 sequence; (b)
prinmers, nucleotides and enzynes required to effect said anplification
reaction; tandibc) a hefHer ag8ysSid®iNg to any one of the preceding claims

wherein the wells are pre-desed with dried reagents.

20. A method according to claim 15 wherein the dried reagents
are PCR reagent primers or probes.

15
21. A method according to any one of the preceding claims
wherein the disposable unit contains a plurality of wells and
each well is fed by a common channel which has a single opening
to the outside of the unit.

20
22. A method according to any one of the preceding claims
wherein the disposable unit is placed in apparatus comprising
at least two heating blocks, each of which is under the control
of an automatic temperature control means, and conveyor means

25 for holding and transferring a disposable unit according to any

one of the preceding claims sequentially between the blocks.

23. B method according to claim 22 wherein the apparatus
further comprises an actuator above each block and arranged to

3¢ clamp the disposable unit against the respective block.

24. A method according to claim 22 or claim 23 wherein the
heating block is segregated and each segment is held at a
different temperature.

35



wherein the pH of said buffer systemis from8.7-9.0, and subjecting the
di sposabl e unit to thermal cycling conditions such that any target nucleic
acid present within the sanple is 10 anplified; wherein the disposable unit
conprises a thermally conducting |ayer and a facing |ayer having one or
nore reagent wells up to 1000 mcr ons in depth defined therebetween, and

wherein said reaction m xture further rises a detergent and/or a
bl ocki ng agent. 15 26. A nethod of carryl g out an anplification reaction,
said nethod conprising supplying to a reagent well in a disposable wunit, a

reaction mxtdbe canmpettsidigf (:ax)r;a‘.ngaam eawwainphifirtauiahnseamtﬁos, ssesipect ed of

containing a LE aci yence ucl eoti.des and
enzymes requi ];.%éﬂ?é &Hﬁp% o TR pa?{rprl1 fiocatt or?(er eac | on an lfpcjs tblSuffer
system wher eniti he rpHCbiorsanlettbuéfcecrmpsysi@qn i dadt aoasara:b@vehﬂctB and

bj ect th I t hat
subj ecti ng gogga"‘%%%ﬁ} £s UéﬂépeEQe&hﬁa%th Fddnd gQPﬁ%{ g@%alé G4t hat any

target nucl ei resent wthin sa Is 2 ere| n the
di sposabl e3 unsegeenmsii sbs ﬂrmﬁmwﬁﬂ-eweﬁ%@m%gnkw readined d@ ng | ayer

having one or .ppLE: rs%qgegkpllvﬂggﬁlw Q1990 rgnfafqe§ ehrb&%@t_—h Jfefined

t her ebet ween, and wherein said reaction mxture further conprises a
det er gent an#herein FhecRE Rf #gaAtbuFr2FystpRe igefhe® Bdcdr8i Pt o cl aim 25

or 26, whereiQubhecritldf tRE SMoSALLOMRikSES Eﬂ%soc]&mﬁ Ibh&itiChs 28. The
met hod according to claim27, wherein the buffer 35 system conprises about

50 nM Tris HCPuchfhtgagy saxgetrBucRIC RRE RASTEATALLYHA f§et PG dhe of
clains 25160 Z2RpliRiRi Ghéheid @act dDdpd¥akl &INeiftUEbREF i SLMRI tB&Smaf119m 0. 01 to

conducting layer and a facing layer having one or more reagent
wells up to 1000 microns in depth defined therebetween, and
wherein said feaction mixture further comprises a detergent
and/or a blocking agent.

15
26. A method of carrying out an amplification reaction, said
method comprising supplying to a reagent well in a disposable
unit, a reaction mixture comprising: (a) a sample which
contains or is suspected of containing a target nucleic acid

20 sequence; {b) primers, nucleotides and enzymes required to
effect said amplification reaction; and (c) a buffer system,
wherein the pH of said buffer system is at or above 8.8, and
subjecting the disposable unit to thermal cycling conditiens
such that any target nucleic acid present within the sample is

25 amplified; wherein the disposable unit comprises a thermally
conducting layer and a facing layer having one or more reagent
wells up to 1000 microns in depth defined therebetween, and
wherein said reaction mixture further comprises a detergent
and/or a blocking agent.

30
27. The method according te ¢laim 25 or 26, wherein the

buffer system comprises from 30-70 mM Tris HCL.

28. The method according to claim 27, wherein the buffer

35 system comprises about 30 mM Tris HC1l, pH 8.8 at 25°C.



0.1%v/v detergents. 5 30. The method according to any one of clainms 25 to
29 wherein the reaction is effected in the presence of a blocking agent
whi ch conpri ses bovine serum al bumin (BSA). 10 31. The nethod according to
any one of clainms 25 to 30 wherein the thermally conducting | ayer of the
di sposable unit 1is netal. 32. The nmethod according to claim31 wherein the
thermally 15 conducting netal |ayer of the disposable unit is alumnium
33. The nethod according to claim31 or ct®%im 32 wherein the thermal |y
conducting netal layer is coated with a plastic or other bioconpatible

| ayer. 20 34. The nethod according to claim33 wherein the bioconpatible

layer is pol ysbyrenge merhohEcdBidled a6COLAiRAg L ARMmengs of, Glgai s 31 to 34
25 wherein the thermally conducting’l ayer "and the facing |ayer of the

di sposabl e unhertEn Hégt reeciion PoEEIIRLUrgEer THEPRESHOFABCBI ¢ to any
one of clai ms p29st9/BIetvbgsfisn the facing layer of the di sposable unit
conprises a 30 thermally conducting |ayer. 37. The method according to any
one of clafms 25 to 36 wherein the facing |layer of the disposable unit is

of a d_tranfparaent bh@q?gmrl%ai B&@%ﬂ?iﬁgt ggs;arrmgﬁtoaéi @fichﬁ@.an_ghs B&blz“éhe _rr;st]podth
according to apy one cl ai s 0 erein the disposable unit further
conprises a sﬁg%Fﬁ’g“ Itgﬁe?:ea‘?‘fﬁ'\ﬂ“nbs hot EE A R HAn BF &SI 8f i APTUNGBAL wel | s

and channel s agdhered chetwmeri seBebshitaalelvm condidé hi (@sA)ayer and the facing

10 31. The method according to any one of claims 25 to 30
wherein the thermally conducting layer of the disposable unit

is metal.

32. The method according to claim 31 wherein the thermally

15 conducting metal layer of the disposable unit is aluminium.

33, The methed according to claim 31 or claim 32 wherein the
thermally conducting metal layer is coated with a plastic or
other biocompatible layer.

20
34. The method according toc claim 33 wherein the

bioccompatible layer is polystyrene.

35. The method according to any one of claims 31 to 34
25 wherein the thermally conducting layer and the facing layer of

the disposable unit are heat-sealed together.

36. The method according to any one of claims 25 to 35
wherein the facing layer of the disposable unit comprises a

3¢ thermally conducting layer.

37. The method according to any one of claims 25 to 36
wherein the facing layer of the disposable unit is of a
transparent blocompatible plastics material.

35



5 layer. 39. The nethod according to claim39 wherein the |ayers are

adher ed together by neans of a bioconpatible adhesive and the reaction is
effected in the presence of a bl ocking agent which 10 conprises bovi ne
serum al bum n. 40. The nethod according to any one of clains 25 to 39
wherein the spacer neans are provided within each reagent well. 15 41. The
nmet hod according to any one of clains 25 to 40 wherein the reagent wells are
pre-dosed with dried reagents. 42. The thod according to claim4l wherein
the dried reagents are PCR reagent priners or probes. 20 43. The nethod
according to ahy ofkedgretdrdi ascamling 4o anyhepei9f Helds spoFabBeé unit
contains a plyratdiy tQ% AEARAL1 e WalilS raPth&anbeagaNt: \esééiﬂti 1hegd-by a

common channel which as a single opening to the outside of e unit. 25
44. The net hoB2BEDIELRG I &Hgnppks S Erbinfs r259ept 4llihardidhappels

di sposabl e uni§nhdSedbaered tHRPPRAE SIS yCOORIUHINY 1Afed GRSt tHaVFabBEAy I NY
bl ocks, each of which is under the control of an automatic tenperature

control nmehnsl@¥Ht conveyor nmeans 30 for holding and transferring a
di sposabl e unit sequentially between the blocks. 45. The nethod according

to claim44 mg rein the apparatus, further copprises, an actuator above each
r ﬁgedTT%’“§g g?

bl ock and ar OF | ATPHERRY dF S FI8EBI &° GReE AR aF s LAY RES r¥pect i ve
bl ock. 28 46adHdwedrebhethaceyr deags @ &l Bidokbatiisleiadhasiveasid ene of the
Pgﬁ;lepgt B:, gck%eégtiso%gE.gggégedct%gdig %be ;Sjggsr,rgnnc;[e Ic: Qel:l:ldociting a<;§iz=:lnft]c s{u?ct

10 comprises bovine serum albumin.

40. The method according to any one of claims 25 to 39

wherein the spacer means are provided within each reagent well.

15 41. The method according to any one of claims 25 to 40

wherein the reagent wells ars pre—-dosed with dried reagents.

42. The method according to claim 41 wherein the dried

reagents are PCR reagent primers or probes.

20
43. The method according to any one of claims 25 to 42
wherein the disposable unit contains a plurality of reagent
wells and each reagent well is fed by a common channel which
has a single opening to the outside of the unit.

25

44. The method according to any one of claims 25 to 43
wherein the disposable unit is placed in apparatus comprising
at least two heating blocks, each of which is under the control
of an automatic temperature control means, and conveyor means

30 for holding and transferring a disposable unit sequentially
between the blocks.

45, The method according to claim 44 wherein the apparatus
further comprises an actuator above each block and arranged to

35 clamp the disposable unit against the respective block.



47. The nethod according any one of clainms 25 to 46 wherein the di sposable
unit is integral with or arranged in close proximty to an electrically
conducting polynmer. 10 48. The method according to any one of clainms 25 to
47 wherein the presence of |abelled reagents within the disposable wunit is
noni‘tored. 49. A method according to any one of clainms 25 to 43 wherein 15
the di sposable unit is integral with or arranged in close proximty to an
el ectrically conducting polynmer. 50. A mefhod according to any one of clains
25 to 51 wherein the presence of |abelled reagents within the disposable
unit is 20 nonitored. 51. A nethod of filling a disposable unit for

conducting ther mbnLyehhid J&ACHIAGSMADIR 49 Gielei fOPNIS5RIond!SiENY aI T
pressure to force liquid into the disposable 25 unit wherein the disposable

unit for condtlet ihfgtiRerpkackscie| saayegabed ivns ceehpremestals helsapt 2

conducting | aygfreand Bedidlaffriayer having a plurality of reagent wells
defined therebetween; wherein all the reagent wells are 30 fed by a common

channel which includes a single opening to the outside of the di sposable
unit; and wheiej n +he rRHPO &QUFRE LS &P baci &g diRendi spasallesndtndit, and said
liquid in a vacuum chanber, reducin ressure in said vacuum chanber such
that air is 38'®VHCRSPRMS Mot He Jd]g‘§ﬁg§]am’é:huﬂft?nia}ﬂ$ﬁfls?ﬂgdé’lsel east 29
t he singl e opgrédighiely s&idh Wlettiira3aiydcbidiititdng apsl yne®Cr easi ng pressure in
sai d vacuum chanber such that liquid is forced to enter the disposable unit
t hrough the single opening.

10 48. The method according to any one of claims 25 to 47

wherein the presence of labelled reagents within the disposable

unit is meonitored.

49. A method according to any one of claims 25 to 43 wherein
15 the disposable unit is integral with or arranged in close

proximity to an electrically conducting polymer.

50. A method according to any one of claims 25 to 51 wherein
the presence of labelled reagents within the disposable unit is

20 monitored.

51. & method of filling a disposable unit for conducting
thermal cycling reactions with a liquid, comprising:
using air pressure to force liguid into the disposable
25 unit
wherein the disposable unit for conducting thermal
cycling reactions comprises a thermally conducting layer
and a facing layer having a plurality of reagent wells
defined therebetween; wherein all the reagent wells are
30 fed by a common channel which includes a single opening
to the outside of the disposable unit;
and wherein the method comprises placing the disposable
unit and said liquid in a vacuum chamber, reducing
pressure in said wacuum chamber such that air is

35 evacuated from the disposable unit, immersing at least



5 52. The nethod according to claimb51 wherein the single opening is
imrersed in said liquid before the pressure in the vacuum chanber is
reduced. 10 53. A kit for conducting a polynmerase chain reaction, said kit
conprising a buffer systemconprising a buffer of p.H in excess of 8.3,
and-at | east one disposable unit conprising a thermally conducting |ayer
and a facing |ayer having one or nore reagent wells of up to 1000 m crons
depth defined 15 therebetween. 54. A kit #ccording to clai m53 wherein the
thermally conducting |ayer of the disposable unit is a netal layer. 20 55.
A di sposabl e unit ftbe siowdecepernirg thesaial veyt| imgaidedsqich, agdid unit
conprising a ther uct i | ayer faci e ay| a
plurality of reagrer%%lé%/l\ee Egdlg’ft%gr%ge %ﬁe?ée%bqgfragg‘%? C g‘%%%ltgeﬁ%s\eéhglgn that all
the wells are fed byawid denfierceshdenentethitbly dheparddbdeaurithFhaoupertingg to
the outside 25 of ;{h@1diRknird. A disposable unit according to claim55
wherein the wells are predosed with dried reagents. 30 57. A disposable
unit accor#éling to claimb56 wherein the dried reagents are PCR reagent

priners or pr@bes. TRE mAnIHSPOSAI: Gq UMb 1c1RQROB 8 ik leQnafe AGgRE Cl ai ms 55
to 57 wherein said thermally conducCting | ager is a netal layér. 35 30 59.
A nethod of fillingPePii%pdshNEsehi Ln attish di-AgtY SefRye Yife PEESEPER 18 55 to

58 with a liquid, $RéGamiROENGMERY ES1 FEHudeal. Ng air pressure to force liquid
into said unit. 5 60. A method according to claimb59 which conprises placing
the unit and said liquid in a vacuum chanber, reducing pressure

10 53. A kit for conducting a polymerase chain reaction, said

kit comprising a buffer system comprising a buffer of p.H. in
excess of 8.3, and at least one disposable unit comprising a
thermally conducting layer and a facing layer having one or
more reagent wells of up to 1000 microns depth defined

15 therebetween.

54. A kit according to claim 53 wherein the thermally

conducting layer of the disposable unit is a metal layer.

200 55. A disposable unit for cbnducting a thermal cycling
reaction, said unit comprising a thermally conducting layer and
a facing layer having a plurality of reagent wells defined
therebetween, characterised in that all the wells are fed by a
common channel which includes a single opening to the outside

25 of the unit.

56. A disposable unit according to claim 55 wherein the wells

are predosed with dried reagents.

30 57. & disposable unit according to claim 56 wherein the dried

reagents are PCR reagent primers or probes.

58. A disposable unit according to any one of claims 55 to 57

wherein said thermally conducting layer is a metal layer.



in said chanber such that air is evacuated fromthe di sposable wunit,

I mrersing at |east the opening of said unit in said Iliquid, and increasing

pressure in said chanber such that 10 liquid is forced to enter the unit

t hrough the opening. 61. A nethod according to claim®60 wherein the opening
Is -imrersed in said liquid before the pressure in the chanber is reduced.

15
30

59. A method of filling a disposable unit according to any
one of claims 55 to 58 with a liguid, said method comprising

using air pressure to force liquid inte said unit.

5 60. B method according to claim 59 which comprises placing
the unit and said liquid in a vacuum chamber, reducing pressure
in said chamber such that air is evacuated from the disposable
unit, immersing at least the opening of said unit in said
liguid, and increasing pressure in said chamber such that

10 liquid is forced to enter the unit through the opening.

61. A method according to claim 60 wherein the opening is
immersed in said liquid before the pressure in the chamber is
reduced.

15





