1 REACTI ON VESSEL COVPRI SI NG CONDUCTI VE LAYER AND | NNER NON- METALLI C.
LAYER The present invention relates to reaction vessels useful in

chem cal gashopd@ekgm cal reactions which are required pE@roBRses @
controlled heating and/or cooling, in particular, vessels which are

required to undergo thermal cycling, where a sequence of different
tenperatures are required. A particular exanple of such a reaction
are a nunber of nucleic 10 acid anplification methods, in particular
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15 presence of specifically designed primer sequences and polymerase
enzymes able to extend those primer sequences., These
temperatures represent the temperatures necessary for nucleic
acid denaturation (and generally requires temperatures of about
95°C), primer annealing (at a lower temperature for example at

20 about 55°C) and primer extension (which may reguire and

intermediate temperature for example of about 74°C}.

There 1s frequently a need to obtain the results of a PCR
reaction gquickly, for examplie in cases of environmental

25 contamination which may be the result of hostile activity.
However, even in a clinical or diagnostic situation, the
production of gquick results can be helpful, in particular where

patient compliance or return can be problematic.

30 Clearly, for fast PCR, the sample must be rapidly heated and
cooled. This is facilitated by making the sample small to reduce
its thermal mass and by minimising the distances over which heat
must be transferred. The same considerations must be applied to

the container of the sample.



2 Thus, a nunber of exanples of apparatus designed to carry out PCR
reactions utilize reaction vessels which conprise a capillary tube
format (i ¢vd ege@nd thin WO 2005/ 019836) or as a pl anagchchiobsiehkssie
(flat and thin) (W2006024879), the content of which are incorporated
herein by reference. A variety of heating systens are utilized in
order to achieve rapid PCR These include for exanple fluid based
systens in 10 which hot fluid such as air is fed to the container of
the sanple for heating purposes, and nagn-heated fluid is supplied to
effect cooling (see for exanple US Patent No 6,787,338 and

WD2007/ 054747, the content of which is incorporated herein by
reference) . T8, | A zurbglrt ef rariwiest ypearohrappadatisiedetecericy aduty PCR

conducting pQl}ABEs (ECT) 2d SeHSEGnas Il fierheatd NGl enpniiand in
some cases al.so_the cont |ner§’écfggé¥\lé)w92/ 24548, the content of "which
C
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el ectrical égpgggﬁg%fg@&jqkrgkﬁq%gFgggﬁgggnections. As an inevitable
consequence of reducing the ther mass of the sanple and
facilitating heat transfer into 25 and out of it, the neans of
connecting Eﬂﬁrﬁ@ﬂﬁtdfngeitgilﬁlg%tﬁﬁﬁ &L?s/atﬁin gfaﬁﬁegh&r Rehi&ff ects
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cooling (see for example US Patent No 6,787,338 and
WO2007/054747, the content of which is incorporated herein by

reference).

15
In an alternative type of apparatus, electrically conducting
polymer (ECP)} is used as both the heating element and in some
cases also the container (see WO 98/24548, the content of which
is5 also incorporated herein by reference).

20

The ECP acts as a resistive heater and so it is required to be
connected to an electrical supply by way of electrical
connections. As an inevitable consequence of reducing the
thermal mass of the sample and facilitating heat transfer into
25 and out of it, the means of connecting and locating the ECP can

have significant thermal effects upon it,

A particular problem is the formation of temperature gradients as
heat can be conducted beth cut from and in to the extremities of
30 the ECP tube, through the electrical connections, as it is heated

and cooled, respectively.

This problem has been addressed in some instances by examining

the electrical connections themselves and in particular, the



Thi s probl em has been addressed in sone instances by exam ning the
el ectrical connections thenselves and in particular, the 3 nountings

for the ebafigosi8ss These nust be el ectrically insul atpdgcandsans:
preferably also thermally insulating. However, the property of

thermal insulationis in itself insufficient. 5 Electrical connectors
(or electrodes) that are thermally insulating heat and cool slowy
whi ch has the effect of naking theminportant contributors to the
formati on of |ongitudinal tenperature gradients during rapid thernal
cycling. The nountings nust also therefore have a | ow thermal nass as
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requires the inclusion of air gaps in the mountings. This may be
15 achieved by using foam materials, such a honeycomb or reticulated
foam to form a mount for the electrode. The mounts are suitable
in the form of a pillared oxr corrugated mount for the electrical
connector (as described for example in W02005/0011834,
WO2004/045772 and copending British Patent Application No.

20 0e23910.7).

In PCR, it would be ideal to have all parts of the sample at the

same controlled temperature all of the time. This is extremely

difficult in a system that is being rapidly heated and cooled. In
25 the capillary format, both radial and lengitudinal temperature

gradients are formed.

The applicants have found however that by utilizing highly
thermally conducting layers such as metallic layers in walls of
30 reaction vessels such as those used for PCR, these gradients may

be reduced.

According to the present invention therxe is provided a reaction

vessel for conducting a chemical or biochemical reaction, wherein



4 at |east one wall of said vessel conprises a |layer of a highly
thermally conducting material, (in particular a netallic |ayer) and
an i nner W{,g@gﬁlshl c layer. Preferably the said reactp@ficERsSRb631
conprises a capillary vessel or a flattened capillary 5 vessel. For

t he avoi dance of doubt, the term"layer" as used herein refers to any

essentially | am nar arrangerrent of material, including both
sel f-supporting layers as well as coatings. 10 Layers or coatings
which are not self supporting, will geperally conformto the shape of

the rel evant substrate, and so for exanple my |n ractl ce may._be any
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15 which they are used.

Reaction vessels of the invention have good thermal conductivity
as a result of the presence of the highly thermally conducting
layer of the wall, and therefore can be used in reactions where

20 temperature control, or in particular temperature cycling with
good temperature uniformity is important. Therefore, they may be
particularly useful in reactions such as nucleic acid
amplification reactions which involve thermal cycling such as the
polymerase chain reaction (PCR). The good thermal conductivity

25 means that significant temperature gradients through the vessel
do not form, or are rapidly evened out if they do occur, so that
the temperature profile along and across the sample is made

flatter (more homogensous).

30 Generally, metal walled vessels have not be used hitherto in
reaction vessels because they are generally chemically reactive
in particular with biological molecules such as nucleic acids and
proteins, and so the metal interferes with reagents in the vessel

and so disrupts the reaction. However, the applicants have



found that this problemcan be overconme by the provision of an inner
non-netallic layer, in contact with the thermally conducting | ayer
such as t g, iRé/@bldsC 1 ayer so as to effectively form apeRgRRSs/dcRes15
The vessel is suitably an el ongate vessel, with the |ayered wall
foLm ng at | east one of the long walls so as to increase the surface
area of the netal containing wall which is in the proximty of a
reagent in the vessel. In particular, the vessel , 10 is a capillary
vessel or a flattened capillary vessel ,5 vvhere the length is selected
to accommodate the v pner di aneters a
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transpatent material such as glass or a transparent polyrrer, such as

pol ycar bonajfeciflel Nt <R BkeNeOheddiens #acki Ofupessal can be
Optl cal | y ITDn &dﬁpggh%%%rl qg Patent No. 6,015,534 and WO‘2005/019836, the

content of which is incorporated herein by reference.

20 Such vessels effectively comprise a single radial side wall and
this suitably comprises a metallic layer over substantially all,

and preferably all its area.

Where flattened tubes are used, they may be of a shape described
in WO2006024879, the content of which is incorporated herein by
25 reference. Specifically, such vessels have a width:depth ratio
of about 2:1 or more, for example, of 3:1 or more. Typically
the width of the vessels may be of the order of lmm or less for
example 0.8mm or less, whereas the depth is generaily 0.5mm or

less, and suitably less than 0.3mm. The vessels may be tapered.

30 In these cases, at least one side wall comprises a metallic
layer, and preferably all side walls comprise a metallic laver.

The lower wall may also have this construction, although in many



5 reaction. The transparent material nust have a reasonably high
melting point to withstand the heat applied by the EC?. Preferably a

seal is pwayvigdeeobrt ween the transparent material and pdwecemps/dokeny
vessel or flattened capillary vessel. A suitable seal would be an
O-ring, which nmay be integral with or 10 separate to the transparent
material. This is particularly hel pful in the case of the use of the
so-called "real-tinme" PCR reactions where optical signals, in
particular fluorescent signals fromsignalling reagents added to 15

the PCR reaction, produce a vari nal as.t a
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particular fluorescent signals from signalling reagents added to
15 the PCR reaction, produce a varlable signal as the reaction

progresses, so that the progress of the reaction can be

monitored. Such monitoring gives rise to the option of

quantifying the amount of target nucleic acid within the initial

sample, so providing further information which may be of use, for
20 example in diagnostics, in determining the sericusness of a

particular condition.

Suitable non-metallic materials for the inner non-metallic layers
may include polymeric materiasls or glass or even a passivated

25 layer created through anodisation of a metal, or similar process,
or combinations of these. In particular, however, the inner non-

metallic layer is a polymer or glass or combination of these.

In a particular embodiment, the inner non-metallic layer is a
30 glass layer, since glass is generally well recognised as being
compatible with many biochemical and chemical reactions inecluding

the polymerase chailn reaction.



5 Such inner |layers will generally be rigid and supporting
structures, which may be fornmed by processes such as injection or

ext rusi onwwpithslhngsand the |i ke. These may then be coapedcBiobgiondssi
netallic |ayer, or they nay be extruded or forned directly onto 10
the netallic |layer. However, if necessary or required a thin |ayer
for exanple of polyneric material nmay deposited on the netallic |ayer
for exanpl e using techniques such as vapour deposition, |iquid phase
15 deposition or plasma polynerisationzto provide a relatively thin

| ayer which may itself constitute the inner .non-netallic | .
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non- net al | beidmayeyrias, descrilpesamboves t esfworlh as coposiese vhiehicirar e.
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paryl ene or derivatives thereof. Parylene is a generic nanme applied
to pol yxyl grenedas gt thinprereistdedcietfel i n US Patent No.

3,343, 754, the content of which is incorporated herein by 25
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pol yrer. extrusion moulding and the like. These may then be coated with a

metallic layer, or they may be extruded or formed directly onto

10 the metallic layer.

However, if necessary or reguired a thin layer for example of
polymeric material may deposited on the metallic layer for
example using techniques such as vapour deposition, liguid phase

15 deposition or plasma polymerisation to provide a relatively thin
layer which may itself constitute the inner non-metallic layer.
Alternatively, such a thin layer may be applled to a different
inner non-metallic layer as described above to form a composite
structure.

20
A particularly suitable polymeric layer of this type is formed of
parylene or derivatives therecf. Parylene is a generic name
applied to polyxylylene as for example es described in US Patent
No. 3,343,754, the content of which is incorporated herein by

25 reference.

Compounds of this type can be represented by the general formula

(I)

30 {0



5 Where in is greater than 1, each R group nay be the sane or
different. In one enbodinent, mis 0. 10 Suitable substituent groups
R i ncl udevatooso®@ssaot limited to R', OR, SR, C(0)Rlpct8)00s2631
hydr oxyl , hal ogen, nitro, nitrile, am ne, carboxy or nercapto and
where R is any hydrocarbon group and where R may be optionally
substituted by one or nore groups selected from hydroxyl, hal ogen,
nitro, nitrile, amne or 15 nercapto. Suitable hydrocarbon groups

i nclude al kyl groups such as straight & branched chain G _I| oal kyl
groups, al kenyl groups such as straight or branched C2..10al kenyl
groups, al kynyl groups such as 20 straight or branched C2.40al kynyl
groups, aryihegeoupR such sabsiphiesyt weuRapt Byl O o arkintegrdrfs e as
aryl (G -1 m@l kyhnd @r 1 & nsiransssrergy lthe CorddeHe ! QabKYA polomd:,

cycl oal kyl (C1_10) al kyl, wherein any aryl or cycl oal kyl groups may be
optionally substituted with other hydrocarbon groups and in

parti culsar wdekylm izl keentderothadb lal éaalyR graswpsandedelse sihederabove.
Parti cul ar Cﬁl)%%g%rﬁ:s of groups R include al kyls such as nethyl, ethyl,
propyl, butyl or hexyl, which may be optionally substituted with
hydroxy, halo or nitrile such as hydroxynethyl 30 or hydroxyethyl,

al kenyl s suthoas asRMbinerad,yhsid m.particul ar phenyl or napthyl which
may be optionally substituted by halo or al kyl groups such as

hal ophenyl or G .. 4al kyl phenyl, al koxy groups such as mnet hoxy,

et hoxy, 10or opdsegble subeokituatr dromes idxpcleds byt desx pot ddadyed to R,
propi onyl  ogr*bUSsr! Ydo (o) ¥ 208U01 940486, CB2OQRN0 0263, Inddrile,
particular, Ris selected fromhalo cﬁn ggartli cul arlulﬁ/ hl or.i ne or
bromine) . WELAST , SATPRY (i BRETIRI. EEhyPs propyt S BT cRsEH sroup
phenyl , Cl .atakkytpmémedy, baapittihydllycyabotienyéd dydobemzyihore groups

selected from hydroxyl, halogen, nitro, nitrile, amine oxr

15 mexrcapto.

Suitable hydrocarbon groups include alkyl groups such as straight
or branched chain Cj_j0alkyl groups, alkenyl groups such as
straight or branched C,.alkenyl groups, alkynyl groups such as

20 straight or branched Cs.jpalkynyl groups, aryl groups such as
phenyl or napthyl, aralkyl groups such as aryl{Ciip)alkyl for
instance benzyl, Csigcycloalkyl, Csjocyclealkyl(Ci-1p)alkyl, wherein
any aryl or cycloalkyl groups may be optionally substituted with
other hydrocarbon groups and in particular alkyl, alkenyl cx

25 alkynyl groups as described above.

Particular examples of groups R include alkyls such as methyl,
ethyl, propyl, butyl or hexyl, which may be optionally
substituted with hydrozy, halo or nitrile such as hydroxymethyl

30 or hydroxyethyl, alkenyls such as vinyl, aryls in particular
phenyl or napthyl which may be optionally substituted by halec or
alkyl groups such as halophenyl or Calkylphenyl, alkoxy groups
such as methoxy, ethoxy, propoxy, carboxy, carbomethoxy,

carboethoxy, acetyl, propienyl or butyryl.



5 Exanpl es of such polyners are sold as "Paryl ene". Particul ar
vari ety of parylene which may be obtai ned include Parylene N (where m
is 0), Pawowowo@sfswhere mis 1 and Ris chloro), Parybenesiiogmhene m
is 1l and Ris trifluoronethyl) and Parylene D 10 (where mis 2 and
each Ris chloro). Parylene is a particularly convenient polyneric
material for providing an internal coating for the netallic surface,
as it may be readily applied using a vapour deposition process. In
this 15 process a solid diner of formulga (I11) where R and mare as
defined above, is placed into a suitable vaporisation chanber in
solid form Wen the chanber and heated under reduced pressure, for
exanpl e t o Ferpeiduires BDfisabolact@d fSEChaliogkow prressuralyf arloexanpl e
of about | raEgrohlieOf A8t APOLIEL S6RmeThA ARV Jr3pbleRutl ansters ed
into a pyrolysis chanber. where the tenperature 1S i hi gher, r’
exanpl e at pa%&ﬁ?’ 650E SHPERE pREREIWE | Y HEReEKa R PBRYD: SrHg, WO
2009/ 01954PCT/ GB2008/ 002631 10 Pyrolysis occurs so as to cause the
formation i j.C tes of,.formula (I1J1), .If this
is all ovvedorjtxgﬁ,l ngi%itfn%%:ﬂ;%? gﬁiﬂgracﬁg%grascoﬁ? ?fir%:illrelg' t hﬁear)um‘mIr

variety of paryiene which may be obtained include Parylene N

(where m is 0), Parylene C (where m is i and R is chloro),

Parylene F (where m is 1 and R is trifluoromethyl) and Parylene D

10 (where m 1s 2 and each R is chloro).

Parylene is a particularly convenient polymeric material for
providing an internal coating for the metallic surface, as it may
be readily applied using a vapour deposition process. In this

15 process a solid dimer of formula (II)

(R
H,C CH,
H,C CH,
(R
(n

where R and m are as defined zbove, is placed into a suitable
vaporisation chamber in solid form. When the chamber and heated
under reduced pressure, for example to temperatuxes of about

20 150°C at low pressure, for example of about 1lmmHg, the dimer
vapourises. The vapour is then transferred into a pyrolysis
chamber where the temperature is much higher, for example at

about 650°C and the pressure is for example of O.5mmHg,



5itemto be coated which is at anmbient tenperature, but also at |ow
pressure, for exanple of 0.1mmHg, pol ynerisation of the species (I11)
occurs onwdsesuniace of the object, so that a coati ngeof/GiRes bt mer
of foula (I) above is produced. The species (I1l) condenses on the
surface in a polycrystalline 10 fashion, providing a coating that is
conformal and pinhole free. This is inportant to ensure that any
sanple within the reaction vessel is isolated fromthe netallic

| ayer. Conpared to I|qU|d processes the effects of gravity and
surface teQ§|o are neqli -- so there is no bridgin t hi n-out,
15 pi nhol es Y puddi®i ﬁﬁc‘%ﬁ g oﬁ‘s'f 8y cARG gy FORRRE LG it e trﬁéc*b’r"@cess

t akes pIac@mapm¢@®mﬁp@m@®ra£u&emubhaaelxs no thermal or nechani cal
stress on the object. Parylene is physically stable and chem cally
inert wwthin its usable tenperature range,F@gich i ncl udes the
tenperatures at 20 which PCR reactions—ars nduct ed. Paryl ene al so
provi des excel l ent protection fFP e orrosi ve vapours,

sol vents, airborne contam nants &nd 8 ile environnents. It
IS mﬁdely used in the electronics indlisTry to coat and protect

el ectroni ¢ conponents. However, the angQcants are the first to 25
find that parylene is conpatible with m cal or biochem cal WO
2009/ 019454PCT/ GB2008/ 002631 11 reactions and in particular with the
PCR react i g, thid ishellssedote pasylierre & ofurtbat i srgrbencionbainiegsels

and in par tices! @y bBRCR LRACHH QM Y?Sa?te'aﬁbiéltd@ér&gézla@gr%n%uglﬁs@egt' n

the applicants copendi ng patent application of even
PP %. W pressure, é%r example gg) mmHg, polymerisation of the

species (III) occurs on the surface of the object, so that a

coating of the polymer of formula (I) above is produced.

The species (III) condenses on the surface in a polycrystalline
10 * fashion, providing a coating that is conformal and pinhole free.
This is important to ensure that any sample within the reaction

vessel is isolated from the metallic layer.

Compared to liquid processes, the effects of gravity and surface
tension are negliigible -- so there is no bridging, thin-out,

15 pinholes, puddling, run-off or sagging. And, since the process
takes place at room temperature, there is no thermal cor

mechanical stress on the object.

Parylene is physically stable and chemically inert within its
usable temperature range, which includes the temperatures at

20 which PCR reactions are conducted. Parylene also provides
excellent protection from moisture, corrosive vapours, solvents,

airborne contaminants and other hostile environments.

It is widely used in the electronics industry to coat and protect
electronic components. However, the applicants are the first to

25 f£ind that parylene is compatible with chemical or biochemical



5 1n the vessel of the apparatus, the netallic |ayer effectively
foLais a thermal shunt, conducting heat rapidly fromone part of the
reacti on wasmedomwggsanot her. Thus it mnimses the builBeueBmhS/tRe mal
gradients in the vessel and therefore in the sanple 10 during the
reaction, which is inportant in ensuring that the reaction proceeds
efficiently and well. Thus vessels conmprising a highly thermally
conducting material nost suitably conprise a material which has a
thermal 15 conductivity in excess 15 WinK. Materials having this
property will generall I|c at er S,
in parti cu:F%ﬁCtgﬁ’éiémﬁin Waége fexoge] Wlﬂ} yﬁﬁrﬁs{{)R reQ&‘ég]o%neérﬁ;d ggﬁﬂaﬁ\égﬁﬁg
thermal | y sandeati fgr cea%almgcsemIGhna‘GESl?éi@rﬁW ?-FlRPétaguWél FCRs

di anond, Ry, haye &JL%@%%J ﬁgséﬁ\b%h ofq therdml 1sondueppyidayics | n 20
parti cuI ar owever, the hly thernal I‘y (gnductl ng material is
metal lic, W%ﬁlﬁﬁ;ﬁ’éﬁé%fa%irc%‘iﬁoflaﬁee mBt At *%6r nmetal alloy including

al um nislm iron, steel such as stainless steel, copper, lead, tin or

silver. rticul ar, th Mo L LSESver Al um
Use of a mléga]fh or SREY: PEaﬁe”E{gﬁiJ e ea%l di %?%ﬁ"élb advant age 1031::
gi vi ng ri gifdimsy at Dh%WlSaW% 9@§%’€Fmgﬂ¥§a4§ hlfaéc’l%ﬁé%sfr(?f“ e PRF gy

thermal Iy ¢Qpduglhngh RESET alo hﬁoﬂ{e@tem&ﬂbyr@mgemste(s fee thuti hé-up
general requirenment t

wher.e l. n of
Phe-t ner e fsRTohrtf LTS (e 5 "ERE A IOORE) Ty e
conbi nadi oduensyites @wdz.@memftmbh is important in ensuring that the

reaction proceeds efficiently and well.

Thus vessels comprising a highly thermally conducting material
most suitably comprise a material which has a thermal

15 conductivity in excess 15 W/mK. Materials having this property
will generally be metallic in nature, butl certain polymers, in
particular those known as “cool polymers” or polymers containing
thermally conducting ceramics such as boron nitride as well as
diamond, may have the desired level of thermal conductivity. In

20 particular however, the highly thermally conducting material is
metallic, which may be of any suitable metal or metal alloy
including aluminium, iron, steel such as stainless steel, copper,
lead, tin or silver. In particular, the metallic layer comprises
aluminium. Use of a metal or metal alloy has the additional

25 advantage of giving rigidity to the sample vessel.

The thickness of the highly thermally conducting material is
preferably chosen to meet the general requirement t.A> 0.11 W/K,
where t is the wall thickness of the thermal short and A is the
30 thermal conductivity. This combination ensures good thermal
uniformity in the sample within the stalk. Aluminium has a
thermal conductivity A of 237 W/mK and a suitable wall thickness
is 0.5 mm. In this case t x A = 0.005 x 237 = 0.1185 W/K, which

meets the requirement above,



uniformty in the sanple within the stalk. A um nium has a thernal
conductivity X of 237 WnK and a suitable wall thickness is 0.5 mm
In this caseatmoxss= 0.005 x 237 = 0.1185 WK, which neet/6Biiog002631
requi renent above. WO 2009/ 019454PCT/ GB2008/ 002631 12 The reaction
vessel in accordance with the invention, nay be heated by any

sui tabl e heating neans, and as a result of the presence good thernal
conductivity of the walls of the vessel due 5 to the presence of the
hi ghly thermally conducting | ayer, tha2heat will be readily
transferred to the vessel contents. Thus the vessels are suitable for
use in a wide range of apparatus in particular thermal cycling

equi pment . THhesechion yesd€ heoaacssi-dangrdoEL dd6l aBTtasrndad PRinber of

di f f er ent Lﬁ&éﬂ&ow%ﬁs sul N6 WG s hhandsse, ofnd Lui 4l Hheaters and
cool ers suc

as air heaters _and coolers i articyl ar. t.hose_ heat by
hal ogen buPBSergE e FREBWY SP Bhnpt™ PE %‘ée ﬂﬁggsnf’fl\él?e 6,787, ?gg
and W2807 40544 bresdimecontttnt hiofhlphtishmadly nooiporiacedadsy  r efeer ence,
15 as wel | as, in j ng, EQR a5, 85 sl e sbealdngnel enents, for
exanpl e ashﬁaé%cwrlﬁ“gggdgﬁjﬁge%i‘gg%%fé: and WO 2005/ 019836 as will be
di scussed further below. The vessels may al so be used in nore
convent i ongh§eMeCesssligha@s saotdl ebkac kishent er sithatange eotheat ed by

el ectrical elements or induction heater | hat ;i ce 0. Qurrents in
the nmetal l iaep?%éﬁs. f:fg)rpaggb‘f‘f 7§ The mﬁ%pc rcéL? ﬂé i?ﬁ%dr ok?eas% e ¥
t her nodbDecthehtaidey bgé®r covdmbds seringed mvgbpat o deEHvOFogi es, forced

f’a‘i r-or COOltiegﬂnJlloldjiig§, a3 -NELEeSSaY usEoye LI g wheterd hpdvesseks saifcht he
invention conprise a netallic layer, this al thalgea%kggy may,al so be
capabl e of #Sefy N5aALEY 288 WILAG o PRKTH-8T REHE TG e GHASY
Appar at us wseHs ! asheatcnipssedex efaridle 1mwenPaiomti Kot Hi,§8WedBBwhihd have
the facili %%2565/054747, the content of which is incorporated by reference,
15 as well as in vessels using ECP as resistive heating elements,
for example as described in WO 98/24548 and WO 2005/019836 as
will be discussed further below. The vessels may also be used in
more conventional devices such as solid block heaters that are
heated by electrical elements or induction heaters that induce
20 currents in the metallic layer. For cooling the apparatus may
incorporate thermoelectric devices, compressor refrigerator
technologies, forced zir or cooling fluids as necessary.
However, where the vessels of the inventicn comprise a metallic
layer, this means that they may also be capable of being heated
25 using for example induction methods. Apparatus used o heat
vessels of the invention in this way will have the facility to
heat the vessel by electromagnetic induction, for example by
using a high-frequency alternating currxent (AC) to induce eddy
currenis within the metal. Resistance of the metal to these
30 currents leads to Joule heating of the metal. Heat is also
generated by magnetic hysteresis losses. For use in induction
heating apparatus, it will be clear that the metallic layer

within the vessel should be of a suitable material to allow it to



heat the vessel by electromagnetic induction, for exanple by using a
hi gh-frequency alternating current (AC) to induce eddy currents

W t hi n t hevormbgb194Resi st ance of the netal to these 30 pCWGBIOZONREAdS
to Joule heating of the netal.Heat is al so generated by nagnetic
hysteresis | osses. For use in induction heating apparatus, it wll be
clear that the netallic layer within the vessel should be of a
suitable material to allowit to 13 be heated in this way, and so
for exanple iron netallic layers may hi8 preferred to say stainless
steel or c eact t 0 [ i f ction
vessel 5 astB durel Bed dh v SR SORRr PRehp Tene aBie Bvb R
accommodat @28 gy PFéﬁ%ltlieént‘\"/@@é’eFtaJélﬁHSWﬁt@ﬁlc?i’rrﬁPP%%rs a heatl ng

system adapted to control |l ably heat and cool said vessel, in
particul ar _usi hg any of the nethods SCUSS v r rther
aspect of tH&T ¥?toeﬁns THE“appat at usmr%q‘zat:*'ogg q‘ﬁ? g?tlogcg%%r%%aa%g]

mul tiplé 1@1eseaaudie|doﬂbmeessem<$ apwmltsh@hx@ae‘e‘l In-ev b8 sulcompddatgesaid

invention agg td Ivé@éjel' naﬁ@m&eﬁtdtﬁ@rﬂésh al 88Shiyveyfeat idi@ted to
el enents, such as ECP, i't is necessary to ensure that where the

hi ghl y thercr?ﬁFR}u@BMﬂJte{al’tnﬁndi§°Pﬁy?rld ©3edo B BRFHTTHPE Yy 0T dTRY i ng,
such as a ot ahd |n@tha§/£rd,15t:dms$d| sba@legctoincal Fyrtinesudsteed ¢ diret he

resistive J%%EI%E Oun‘gll; %%Eag.pa&tr <& tbes%%fet tgl £%§n§d§gecmulﬁ%le

applicants ave 1 I's possible to passivate the surface of
a met all0 ayeecsirrt Faes¢ks-is electrically isolated fromthe ECP, but
still in good thermal 20 contact. For exanple in the case of an

alum niumnetal ]ic |ayer, anodi sat#QCrgteof an surface f the al um ni um

| ayer whi cHe8 t B&3TH Folt et owh RS E Re

11
he resi gater such as the
ECP provi desmbimgdtionswl @t remistive heating elements, such as ECP, it is

necessary to ensure that where the highly thermally conducting

15 layer is also electrically conducting, such as a metallic layer,
this is electrically insulated from the resistive heater in order
to prevent short circuits etec. The applicants have found that it
is possible to passivate the surface of a metal layer so that it
is electrically isolated from the ECP, but still in good thermal

20 contact. For example in the case of an aluminium metallic layer,
anodisation of any surface of the aluminium layer which is to be
in contact with the resistive heater such as the ECP provides

such insulation.

25 Alternatively, a parylene layer, preparable as described above
may be applied to the surface of the highly thermally conducting
layer such as the metallic layer which contacts the ECP so as to
provide an effective electically insulating layer. Such layers
have the benefit that they do not significantly add to the size

30 or thermal mass of the vessel.

The ECP is suitably arranged as a sheath or coating arranged
outside the highly thermally conducting layer and the

electrically insulating layer thereof, as described in WO



25 Alternatively, a parylene |ayer, preparable as described above may
be applied to the surface of the highly theasally conducting |ayer
such as t wo red/alokisc | ayer which contacts the ECP so apCT/GBmogsék an
effective electically insulating |layer. Such | ayers have the benefit
that they do not significantly add to the size 30 or thermal mass of
the vessel. The ECP is suitably arranged as a sheath or coating
arranged outside the highly theally conducting |ayer and the
electrically insulating | ayer thereof, pas described in WO 14

98/ 24548. ng. t.he el enents, of ction, vessel small
particul ar as %ﬁ ?% yaremq @ t’f’lle‘f"rmrerﬁﬁ?E d %g%fretaﬁsl‘%sf’?éfejr gﬁﬁﬂfs
| ow, and sa®f B%lttﬂr%lé@lr %G apidh deweing tbarf:kteetktel plaas ecfashiesvasegli r ed

for rapid RGRaif TBWS dda 8o RAKLi GaldLLYadm b6l d %m%%@ﬂce QT]VX%' |
of the reaction ve and_suitably the entire S|de wal I's of t

sel
vessel co Fqgiareéln%f’ﬁnr&plﬂo??%t allic layer, for exanple of glass or
a polyméric material. This is covered by a netallic Iayer as 10

descri bed %Qgg zlﬂhb&Bncﬁlé}éﬁgi?ﬁ8¥%&qgm> |§C C%kh%m

i nsul ating layer, for exa ayer of ano |sed a um N1 um or
paryl ene orreaACHL yafisle Flﬁ%rséléfla@é’ Jeg carithee Hevealloupsitde vesadfi s

| ayer is Swotnﬁbige pfi OMirdednéh-hayer1ief 184&aGt Ebﬁ&ﬂx'aﬁp@%@“@_’kdé%gor a

pol yner. vessel s_ar.e.ge rall i nten 5 osabl e
after a SI PL FUSE T ARGt hg‘r?l pret erred o%ll"f?gﬁ{’ lcq li 28f the

reacti df ve‘1§§e¥lbeainelb®{ﬁrt uhich theltselireovsirde Malahseloa‘ctth@messel

conpri se alﬁ%hﬁédzh% Lauer fép@x%@@ge@mwa&m&m SubRifouesed by
an 20 electri Cg‘?‘}ﬁyg nsul ati ng | ayer, for exanple a |ayer of anodi sed

al umi ni um &2 he? SETATHerPy i e Phet 2 OFS 85 He8s T ed AGvEe of
Qut si de of thhksldyayeis ismisshlvabkyvipieavi dedea dByeecoficaliegtrically

CondUCtHKJdgghﬁggyhg polymer. Such vessels are generally intended to be

15 disposable after a single use.

In another preferred embodiment, a wall of the reaction vessel,
and suitable the entire side walls of the vessel comprise a
metallic layer, for example aluminium. This is covered by an

20 electrically insulating layer, for example a layer of anodised
aluminium or parylene or a derivate thereof as described above.
Outside of this layer is suitably provided a layer of

electrically conducting polymer.

25 Thermal lag is reduced by keeping the ECP in intimate contact
with the highly thermally conducting layer, (i.e. avoiding air
gaps) . Thermal lag is further reduced by providing no inner layer
to the highly thermally conducting layer with the exception of
the parylene coating which has minimal effect as a thermal

30 insulator because it is so thin (about Smicrometres).

The electrically conducting polymer needs to be connected to an

electrical supply, and so electrical connections, which may be



25 Thermal lag is reduced by keeping the ECP in intimte contact with
the highly thermally conducting |ayer, (i.e. avoiding air gaps).

Ther mal | & 289/6m83¢her reduced by providing no inner |ByEGB008/ME31
highly thermally conducting |ayer with the exception of the paryl ene
coating which has mnimal effect as a thermal 30 insul ator because it
is so thin (about 5mcrometres). The electrically conducting polyner
needs to be connected to an electrical supply, and so electrical
connections, which may be 15 integrallsith the vessel, are suitably

provi ded at %% alengtl‘gft}ﬁght?es%%?. Tj.hae sg%abq_lyeﬂgcmlﬁegsﬁ eith tebl% gf’lssel S

as resistive heatin enments can be manufacture vari ous
processes, HatE¢st a conveni ent process involves injection noul ding
of the polynmner. Fbwever in the process of injection nmoul di ng, the
material t dsFé f.orm.an out ich ski.n. tha creates at

| east a par eél.g%t?l?t@aiuf? el%sg esse s as. resistive theg%%/eq, nal means

At i"Rg barri er to - an
of 10 neki rejembeict chgdie pomtEctturdd byuthrmsesroqehee%pbptdmﬂtsa have

found that dotnv!er?lé?l%l Bi&uesgouwoq%s ﬁrjgeg{bﬁ ﬁ@umﬁgl &t ihg Skiyheand

make electrical contact with bul material _in order to jncrease
the effici éR¥§VHF: the"1% Pﬁ%‘éﬁslsnﬁfswtegﬁ}mrﬁﬁgldﬁnﬁ' a T rer ey tends
enmbodi nent ,tdt et eactbiitir vesgelr-ascldesen i fied apovesatss ednhectabl e to

an el ectri Cp gi"pe&e?ét?%caﬁ?rﬁ%s%&a’pﬁ{gbggrﬁ.legcwr:& ia%"i‘rl e%@gtﬁaa\ﬁfgi &

pierce the Surtace
10 making electrical contact.

In such cases, the applicants have found that it is helpful to
break through the insulating skin and make electrical contact
with the bulk material in order to increase the efficiency of the

15 heating system.

Thus, in a particular embodiment, the reaction vessel as
described above, is connectable to an electricity supply by means
of barbed electrical contacts which pierce the surface of the

20 electrically conducting polymer. These are suitably integral

with the vessel.

Such barbed connectors may take various forms depending upon the
particular configuration of the reaction vessel itself. 1In

25 particular, where the vessel is of a generally tubular
configuration, suitable barbed connectors may take the form of
annular metal rings with inwardly projecting barbs or the like,

similar in design to “Starlock Washexrs”.

30 The inwardly projecting barbs will cut through the insulating
skin to make electrical contact with the bulk conducting
material, as well as hold the ring in position. The outer portion

will present a metallic surface for electrical interconnection,



20 electrically conducting polynmer. These are suitably integral with
t he vessel. Such barbed connectors nmay take various forns dependi ng
upon t he pastdogelogdss configuration of the reacti on vessetT/GBao$o2631n
25 particular, where the vessel is of a generally tubular
configuration, suitable barbed connectors may take the form of
annular netal rings with inwardly projecting barbs or the |ike,
simlar in design to 'Starlock Washers". 30 The inwardly projecting
barbs will cut through the insulating skin to nake el ectrical contact

with the bqu conadu%tl ‘%JS EQIH%I as vvelldc_%é hol d t he rir_lglln
position. THS out&FPortT oA WITT bR ASSRTMeLahs: HPT ("ESSehs 4aLt f6r
el ectrical ¢anfégemtheppianyiatéd®.2009/ 019454PCT/ GB2008/ 002631 16 and

so apparatus intended to accommpdate the vessels will be configured

appropri at el Furthernore, the barbs provide effectively a scall oped
edge whi ch BIBPHY e FRIGREPT MEO%TdR cAAECHITEL Bt IRPePhedarahies s
of the conredperso akdued 3he seduars HHaeccON @Rk ﬂfe@ﬁawﬂalastchﬁ tBEP.
This has thg r V, a f ther m ni m SI n change
bet ween t he r%’gé%%caﬁgc%%%eg’?ﬁsm%n etﬁ 45T f"’gFlf ﬁ%‘lﬁ Fg(éga srt"n%gJ

i n reduci ngafnintiedtheie AfERN RoRd P Erfurtbeatindni sivg Tért esdmawkor S

and parti cueikyntiie basdis:tierafecctie &wttalglycém%tfdf%&d of a
mat eri al whi ch _have. hlgh nechani ¢ gqs%h ﬁ% so that the barbs can
i Y o

be shar pened T8 erhaRcE THE PHEer SRR FYaRr met al s

are abl® to fulfil this function, a 15 particularly suitable materi al

for the comieCLohsass bﬁﬁ”piﬂ%@léﬂyb%hét}:%' Eeﬁ‘fer%&?ela]re-rgdlscag9§

only has the required nmechani cal streng
conduct i vi tSPPhHECTESBE § PeRgslad Whife Bare &EB@?%PS‘F%%%@HQ&F: so
16WnR, a stirepr tise nghys |ow béemhampee@nddcdrindhty ©RMpetadat oodrany

Using th o Baterial el it atedls 53 RO MG oPhe ERaieRL ¢

area islias %P—FU%liﬁowﬂ? be f#i’é?psalt GoF ethic eoummint & chashbearalfound

effects at dh@eceteGhloseSteel. This not only has the required mechanical
strength and electrical conductivity, but also, it has a high
corrosion resisitance, at 16W/mK, a surprisingly low thermal
conductivity compared to many other metals (cf Copper @ 399 W/mK,

20 Aluminium @ 237 W/mK). By using this material, and by designing

the connectors so that their area is as small as possible, helps

to reduce unwanted thexrmal effects at the electrodes.

Connections of this type are cost effective to manufacture, which
25 will be a particular advantage in cases where the proposed PCR

vessel 1s to be a high volume disposable item.

They may, in fact, be used in connection with any reaction vessel
or device which includes ECP as a resistive heater, and such
30 reaction vessels and devices form a further aspect of the

invention.

In one embodiment, the profile of the ECP may itself be adjusted

to vary its radial thickness so that the resistance heating is



Connections of this type are cost effective to manufacture, which 25
will be a particular advantage in cases where the proposed PCR vessel
is to be avdtmhroredsunme di sposable item They may, in feci/cBhos/umed in
connection with any reaction vessel or device which includes ECP as a
resistive heater, and such 30 reaction vessels and devices fotma

further aspect of the invention. 17 distributed unevenly in a way so
as to reduce gradients. This may be done enpirically, inrelation to
any particular vessel type, by deternmring the gradient profile which

occurs and adjusting the kness .of the e f
l: '%:) 9 ur)leve;x%%. g ay 390 JE tg?c} élHﬂgﬁtg g‘h?é‘%na?

t he vessel d’% accor cal , the be tapered,
bei ng nar r dredornst emhermﬂ%bmlﬁf r?#ﬁélvés%hlanfwttlﬁ@lacroﬁesﬂkﬁype'

modi fi cati SR RE: A ehb dpd gk Bny %ﬁcaeiﬁe vhi 6 dcﬁﬁ]::ﬂ%doédjﬁslth_mgse ECP
resi stance heat eri i rrespectjve, of %r se 10 ot he_Lrvvl se of

the highly PfRePHa 55T hatt if7g ’r’éfgflo deete s \?és%heei *formyet a
further Saspecbraingipe iMypeedilon. tiks pdpsmgeul tha sapyredpovedngt he

apparatus i £55€b sl SHGeommdat ed ot se suitably is
provi ded vvlnP Q?r"\égt})ntgg {1% §¥15 rraferl al which is bgt hO%n el ectrical and

thermal insulator (i.e the material absorbs and rel eases heat slowy)
and al so haéi@hamddl\ﬁ/lti‘nﬁroﬁﬁmmdmﬂbs :_Jchjus@aam besaxcihi evisth bhycimiki ng t he

| ectrod | i.k nmb
2y ectrode RUDL S aPbl el Lot IRd 85 Joam. skpbelal oot hancyeo

st ruct ur es. " FOWEVEr t physic support and
posi ti ol t ehekeiter eﬁe’fshe Ak vhéhetrsrldy t ReyuRESto ﬁa%rraaa%wé of
rigidity, fjdsaBeSS-2NHQ af Bidneentdectness the smattdcul ar embodi ment

of the apparatus for thernmally

As discussed briefly above, the apparatus into which the vessel
is accommodated for use suitably is provided with mounts of a

15 material which is both an electrical and thermal insulator (i.e
the material absorbs and releases heat slowly) and also have a
low thermal mass. This can be achieved by making the electrode
mounts “air-like” ie formed as foam, skeletal or honeycomb
structures. However they must be able to physically support and

20 position the electrodes, and therefore they must have a degree of

rigidity, firmness and/cr resilience.

Thus in a particular embodiment of the apparatus for thermally
cycling the contents of the reaction vessel as described above
25 comprises a solid foam material arranged in direct contact with

at least one of said electrical contacts.

The solid foam material acts as an insulator, preventing heat
flows and particularly heat loss through the electrical contacts.
30 As a result, a more uniform temperature can be maintained within
the reaction vessel. By utilising specifically a solid foam in
preference to a conventiocnal solid insulator, such as a solid

plastics insulator, the performance of the apparatus is



cycling the contents of the reaction vessel as described above 25
conprises a solid foammaterial arranged in direct contact wth at

| east onewd2®0@4®| ectrical contacts. The solid foam pet/eB20as/nm@etls
as an insulator, preventing heat flows and particularly heat |oss
through the electrical contacts. 30 As a result, a nore uniform
tenperature can be maintained within the reaction vessel. By
utilising specifically a solid foamin preference to a conventi onal
solid insulator, such as a solid plasti®s insulator, the performance

of the appasrla;wﬁaa%tly\gn%g%é@196§é%QI/ 831, 18 31 gnificantly

enhanced. Thermal gradients set up wt é| n t%hgéreactl nvesZe®can be
further redF@&8oM repselhErn ReduEriar £AfMecsS due to the fact that
foamlike 5 materials have a | ower thermal mass t han solids.

Ther ef or e, isLion,t rqvi ding, in reventing the flow of
heat i nt0 afr;cg lgﬂ?éltlfe éC%raga% ot vélssg t?ﬁ}r gﬁ%’g tgﬁﬁ jgé’laﬁ‘chJrJ‘iecal
contact 3 t W@yeaba%obam gnipioanbeynddi ndes thhe $datisng Tedednel i ny
process. 1QddtEaNtbastoviaohd qntsewl%%&v\@ﬂnfct&lé 'tg.Q' {]10%68% 18" Mal,

mass were found to _heat up and cool downh slowy er than not at
all), ther eaﬁ\? 2B% %9t A% TEBGT RS VBFSY hRECWH hRdite &éb@r?dﬂlnﬁo%ctthel r
t enper at ur ehegl &t inve ¢ igntiibcadanpl eindEki shavasatoundns cdd@ing process.
di sadvant ageous in this context. 15 Suitable solid foamnnaterials
i ncl ude rret al, glass, carbon, polyner, ceram c foans or conposites
made of!0sever GPRHRSEhetadid insulphpry witlrsigrafidaes biemgas mdssanere

material s acenpoly mest Gipf @adEcodl &Heh saswR0l(¥akiat-nans: abt RQ! ¥siyrene

foams. thereby acting as sources or sinks of heat depending on their
temperature relative to the sample. This was found to be
disadvantageous in this context,

15

Suitable solid foam materials include metal, glass, carbon,

polymer, ceramic fcams cr composites made of several of these,

Particular examples of such foam materials are polymeric foams

20 such as polyurethane or polystyrene foams.

In a particular embodiment, the foam material is a ceramic foam.

Ceramic foams generally comprise inorganic, non-metallic

materials (such as metal oxides, silicides, nitrides, carbide or
25 Dborides) with a crystalline structure, which have usually been

processed at a high temperature at some time during their

manufacture.

Many such foams are now commercially available. They have been
30 developed mainly for the aerospace industry where their utility

as insulators is a result of their light weight.

Solid foams generally comprise solids which have many gas bubbles

trapped within them. They may be rigid or pliable in nature, but



In a particular enbodinent, the foamnmaterial is a ceram c foam
Ceram c foans generally conprise inorganic, non-netallic materials
(such as e zlos/arousdes, silicides, nitrides, carbide orP@BEGBIIOS/RE3I
with a crystalline structure, which have usually been processed at a
hi gh tenperature at some time during their manufacture. Many such
foanms are now commercially avail able. They have been 30 devel oped
mai nly for the aerospace industry where their utility as insulators
is aresult of their light weight. W®2009/019454PCT/ GB2008/ 002631

19 are prefer abl}: bgl dr%c%ea;?o 2 SHPALE L Q%eegfgégrae@i BABLAGLS.

VWher e they T &P oam material suitably has a good "shape
menory". SWhere @U%Y fasenBl imhdet Vi¥es forn %FF’&“@O&HW&‘?% g g% known.
Sone are kngy%eaﬁemc;@frractory foans. They are made by vari ous

nmet hods dependi ng upon the nature of the material used. For instance,
solid foanms conprising polyners may be readily prepared including

f oam ngs ageatusntocrtshenprapas aifi plpt Foenstatgsisks @ER | knpeRyndEFSt ood

in the art §yﬁ%@8té§ “E:Qf‘f%téw %%la%sfoﬁﬁe dmt gEdalby sachuas foam
gl ass may% prepared In a sim]/ar %Eﬁﬁ erslldfoa y utilise
tk

a foaned pBEYRASE eCURErHIFCE SrArfth %Jdilnﬁfeerl af$ are
essenti al | )in@@s&k:ed atia fdsmsecd@mrsmgntmlgaemnammmsescﬁ@élyepm@red

fornmed by gé dﬁSI Sfc());-;r t% ag%%%é’@fto Q?énprgﬂgraqgi@ Prcek€) i ¢s f.eans

can be pro coa ol ymer foamor a carbon skel et on
derivedOfr @erdmtstowithl &he a5 opPiTHREtHF feers A eetlitPemshgeest adfid

then sinteri,pg At rehVALEE HgNBEerAldbess iibh adinicaf oays nay be formed
by 20 electrolytically depositing the netal onto a pol ynmer foam
utilizes an el ectrodel ess process for the deposition of a netal onto
t he pol ynmemthearoplectirsornay ateliect rofganed Belposktdoihe RAsEbl y t he

solid fcxﬂnsqggégﬂgahaté%fgﬁ adateliale WH GRsBAS a0y coated onto these

15 or onto carbonaceous skeletons formed by pyrolysis of the polymer
foam. For example, ceramic foams can be produced by coating a
polymer foam or a carbon skeleton derived from it, with an
appropriate binder and ceramic phases, and then sintering at
elevated temperatures. Metallic foams may be formed by

20 electrolytically depositing the metal onto a polymer foam,
utilizes an electrodeless process for the deposition of a metal

onto the polymer foam precursor via electrolytic depositicn.

Suitably the solid foam materizl is of a material, which has no
75  fluorescent or phosphorescent properties, even when illuminated
with a light source. This means that it may not interefere with
the Ffluorescent signalling or labelling systems that are
frequently utilised for detecting the products of an
amplification reaction. Such systems may be used to detect the
30 product of amplification either at the end point of the reaction,
or, increasingly, in “real-time” as the reaction progresses.
These systems, which include the well known “Tagman™” system as
well as other systems such as those described for example in

Homogeneous fluorescent chemistries for real-time PCR. Lee, M.A.,



25 fluorescent or phosphorescent properties, even when illum nated
with a light source. This neans that it may not interefere with the
fl uor escemO HogoAki4i ng or | abelling systens that are fPETGBIINS§02631
utilised for detecting the products of an anplification reaction.
Such systens may be used to detect the 30 product of anplification
either at the end point of the reaction, or, increasingly, in

"real -tine" as the reaction progresses. These systens, which include
the well known "Tagnmannt system as wel R0as ot her systems such as

t hose descr d0r s A uprescent, ghem rles
those descridiede{ar, BXAPLEs]f Henpgﬁggfé%vi, Pl S3CR0G - D80Sk &

Brown, T. ifraR8&fat ﬁHédEPCF? L%‘i‘f“‘%s%eﬁ'ﬁwlaéﬁsgsuﬁdéaunﬁelzeg%ﬁﬁ I@Edwands &
N. Saunder s sdentiHer i Pzeys, SuimitidhbhC Rressy, Wopndhantortedd- 402004,
the content; of MPEJQ %dh gglrg%rat ep her ei nEb¥ ref erence. For

i nstance, generi ¢ i 5% DRACT nt &% a1 P RG d Y8R Fifat
exhi bi t 3 ncrEAsed Wi bibe SHB N enhelroandydso thoulsikeisttr AncheshsBNA

speci es. FluQpessanee el 8asR Yead®18 5i88ab8 daeshutliks .
concentratign of DNA durin | ifications can be used t o nmeasure

reaction progréss -and Jt’}fragf"zé PnE° tth&FarFe vk uP R cEBpYA HORDRT .
10 Furt her m¥edupingnerp tidl bagidnlsucere deenssl whtteaueontdsekied change

of temper atiogre APl 1480 GHLCEE A &%%E%Iﬁteg  UBarml e at

t he end of t hermal_ cycling erlal has a
degr ee W iirsheewshc Y f“ﬁPét?ﬁWl%‘—%éeﬁ%ﬁﬂcﬁt ety é@ﬂtﬁgll@htcmgg%r
i nki ng t he doaambekants:,Uuses ﬂdlels@ld\ﬁvéeadanrmé efdndlat Sy, k6 ANGEHL] )

contact wit | eas ferably both of the electrical
cont acts. SJLI t%g%l ?/1%5% fic en‘?m;21 Hatdtial is arranged so that in

use, it 20 effectively isolates the el ectrical contacts from
envi r onmentzve@éf £Ghsen +Hai ﬁat\_/!ﬂlhlgz?el},e'éa&ég&%egeoél%hg}!@&e%e,a%gg%a{}g

t he solfsd foa materla d|n contact with at |east the renpte edges “of
the el et rial J(ﬁﬁegc‘?% Y3BI {COgEETT &4, 12106 FhP iERENIRAEEES mtter i al
may al so be provided and arranged to contact the solid foam mat er| al .

Sui t abl e So_lee séﬂ%'l!fg%rﬁ)qnaggiﬂf §L Sal%ragggﬁl act ttk{letai’e st

i ncl ude pol yneric_or brous materials cular € 50 |d
i nsul at or i ¥9aPHRIFARLY EotRs &berelagekicat aﬁn%eﬁal v freiplol ymer
resin such sasfbeidnitnidam actytieni t§ideahdaduener: shykane:terpol yner

(ABS) %0 poé “y’ggglve ];I :Il.JSrO l‘i:hglt% e£a|:£|{:§1%al contacts from environmental
effects. This will generally be achieved by arranging the solid
foam material in contact with at least the remote edges of the

electrical contacts.

25 If desired, a solid insulator material may also be provided and

arranged to contact the solid foam material.

Suitable sclid insulator materials are well known in the art, and
include polymeric or fibrous materials. TIn particular the solid

30 insulator is a polymeric insulator such as an acetal homopolymer
resin such as Delrip™, acrylonitrile-butadiene~ styrene

terpolymer (ABS) or polytertrafluroethylene (PTFE).



WO 2009/ 019454PCT/ GB2008/ 002631 21 The solid insul ator may be
arranged to contact a substantial portion, for exanple at |east one
si de of t Weo swpHd4f40am material. This additional i nsul BCT/GR2088/H02631
protect the solid foammaterial itself fromchanges in environnental
tenperature and so 5 enhance the overall reliability of the system
Suitably the additional solid insulator is provided so as to
effectively isolate the reaction vessel fromthe external environnent
when in use. The precise arrangenment oRlthe solid insul ator therefore

will vary depegding lHQ%tB?%e[}?‘b%rer% géﬁe%r%éﬁ{éc%” Veusp and 10 the

manner in which it is used ove, exanp f‘ HoUNt s
whi ch i ncl L%PeftFB%mfPFk%xWerafalleaa? é’nﬂe@é%ei eédtffeopob;@arfpaze in

V\?Zgg5/ 001l]Iﬂﬂ‘&;rlémz0@141é)fhﬂ@.f&od&hleﬁ&]dlaﬁli@mmx%ﬁlé@i ﬁ:h'@ay@_l_l@. g@&gﬁ: ee
0 r esi anc to allow themt t he connectors
Cirmy, or araEtat sl el Chanpes in SRy KoRRP UL AN S emRRES 5610 S50 Rher e

firm foam |§ ke pattee QY%faﬁféyretieabsbtty wﬁlm apetepr uhg-tlabagedet o

ensur e thataowlemﬁélclsemd xnéﬁlrd%bbow pRBvidey CONNECLOLSed 55 g) eved.
20 I n an altern eerrb0|rrent t he ap aratusmto |ch vessel

i's accommd"astoéa UE?qtéobr‘ﬁflsﬁede DS SERE SR epwoﬁlﬁ%?wheﬁajés
by provi di ngseoneletﬁ precise evwrarglenae: mEulls soflis alnsdlittsUbRé A Tore

raterial | MLLANLS S0LLALISUIAL Ohe TALELL Al GalBLIo 23 KROMR D the

art, anﬁ)lnclude ymeric or brous materia I'n artlc Phe
solid i sul’ﬂ’(eo’t"ali"éer l‘bd{}VﬁEch ien¥tAcht or such as an acet al
honmopol ynmer resin such as DelrirPl, acryl onitril ebutadi ene- styrene

t er pol yner .Qr. _pol tertrafl r oet Iene PTFE). . In a preferred
embodi nent ,I($Ezr§)e%l ng 5\1/1}’0 Ghe Toant s o f‘ %ﬁ%lﬁﬁeath r?'érﬂ‘érl al

are provi déthtepisisppee tdaskheilvass Sef . exml@ppawazwm‘ayl&m provi ded

Wi th el ect rigzabs coBbag! Simkok t%n@@&ﬁ bQBet2ikNEa Rl GCLLd.LRI c£ONNect or' s

of the vsessel The el ectrlf contacts may be sprung contacts, which
have the silience or compliance to allow them to hold e connectors

firmly, or co-pending British Patent Application No. 0623910.7,
where firm foam-like materials may be used, which are sprung-
loaded to ensure that a sufficiently firm hold on the connectors

is achieved.
20
In an alternative embodiment, the apparatus into which the vessel
is accommodated for use is provided with mounts of low thermal
mass by providing one or more low volume mounts of solid
insulator material. Suitable solid insulator materials are well
25 known in the art, and include polymeric or fibrous materials. TIn
particular the solid insulator is a polymeric insulator such as
an acetal homopolymer resin such as Delrin®™, acrylonitrile~
butadiene- styrene terpolymer (ABS) or polytertrafiurcethylene
(PTFE) . In a preferred embodiment, three low volume mounts of

30 solide insulator material are provided to support the vessel.

The apparatus may be provided with electrical contacts for
connection to the electrical connectors of the vessel. The

electrical contacts may be sprung contacts, which have the



22 advant age of |ow volunme, reducing the thermal mass. One or nore

el ectrical contacts nmay be integral with the one or nore nounts.
Reacti on wr¥e$/61983 descri bed above and reacti on syst ePGI/GBWORIN6HI ng
t hem can be used in chem cal and bi ochem cal reactions as required.
Thus, in a further aspect, the invention provides a nethod for
carrying out a chem cal or biochem cal reaction which requires at

| east one heating step, said nethod conprising placing chem cal or

bi ocheni cal reagents into a reaction végsel 10 as described above,

and heati ng, fahtadLagends vo0uS, LeaktindgcRDUML 821 GaEhEMnedbr Yore
bi ochem cal reaction. In parti cular, the vessel is positioned into

appar at us sSPECF S PHRHRESE gFRE Peo Nt 11 EndPt 6 Red "GRE/ B B0l

it as required. In particular, the apparatus conprises a thermal

cycler as dﬁesa%‘:th?%%QQi’se1asaa99$léﬁ%a&%bro%ﬁcédd‘)@eég&%r gfstteH%r el

cycling, in particular is merase chain reacti
i nventi oh wWrIMPLAdADHERERraEnc aPrE“’Ie?1 testerbeal By Wy cBFERANFRACTPEN

reference tgs tReuastonpany, ng le@gﬁﬁém&tspscﬂr awe n:gﬁrea&dmpmms a

Fi gure 1sh% fectlonthrough ahflrs ' ge 9 areactlon
vessel accof g y Che " MeRtT én’ ?%lcﬁ gﬁ? lfc HEREL aFPERE S JRE Vi ew
of the portiomigestadie leescrnonhasgdsel smovwndnmﬁ@dlcoml@hng

i ncor por at eﬁlatélﬁgeékf‘emgiﬁ o(%f blglﬁiehgéfﬁ]tﬂeg@ents :Lntclzlaglx'éé‘cé.ohsv@ssel
per spec |ve end view of the reaction vessel of 30 Figure 1; Figure 4

shows at! el detdepEEPoARREr | BRY JS8HTTH SofRerSATBBLT Fents d° Bt e 3;
23 Figure Sabautassidenehi@ldbagriathehiouilngesciiosselIinasastiownai,n the

Figure 1 in posit .‘Lgr})osgtfbnfeldr j?ﬂtoegBBQf%gt SLQJCJ.?.‘L&J!L%. nﬁézs:&.%g!il {9 ho1d

appar at us;
it, and to heat and/or cool it as required. In particular, the

apparatus comprises a thermal cycler as described above, and the
15 reaction reguires thermal cycling, in particular is a polymerase

chain reaction.

The invention will now be particularly described by way of
example with reference to the accompanying diagrammatic drawings
20 in which:

Figure 1 shows a section through a first embodiment of a reaction

vessel according to the invention;

25 Figure 2 shows an enlarged view of the portion of the reacticn
vessel shown in Fig 1, which incorporates the elements of the

invention;

Figure 3 is a perspective end view of the reaction vessel of
30 vrigure 1;

Figure 4 shows an electrical connection used in 'the embodiment of

Figure 3;



5 Fig 6 shows a section through a second enbodi nent of a reaction
vessel according to the invention; and Fig 7 is a schematic di agram
show ng aWwWezwed1%es shown in Fig 1 or 6 in positiBE/{=R268/8B6ANd
enbodi ment of a thermal cycling 10 apparatus. The reaction vessel
shown in Figure 1 is of the sanme general type as those described in
for exanple W20051019836, which is intended for use in an apparatus
for conducting a PCR reaction. 15 The vessel conprises a plastics
body (1) with an upper sanple recei ving3portion (2) with a relatively

yv: Iole nout h mutrEa!s 1rseag@£He§1aE§<B,d1%i'£n eas»ez,ngba delded. ad nnbhe in
| ustrate

nmbodj nent, the u ort| projecting .f.l anges
() 50" whi P8 hoTePrE i ePePac, S0t STt B AFFHTR SHPPar ue
such as thatrrdestesibed in WO 2005/019836 so as to allow the vessel to
be noved in an apparatus adapted to carry out reactions
autonatggall . 25 At the | ower end of the sanple receiving portion
(2), veSsBI® PRMA RabeEiPR PreRph 13 éFﬁo?quﬁ@b?%ﬁmaﬁﬁl?ﬁ1al§e%ﬁ£%PEd at
the | ower ewskday acdardnsgaioethe Se@bn{ibn; &@f M ng a transparent
wi ndow, so as to forman elongate thin reaction vessel, which can
contain relatively small sanple (7) within the caplllary section. 30
An al uni ni UREdat? iy SICAFRF-1C5) L 2aFpRoTRYS P e YeaRtY I2ar i ibén (B and

is in closeot ehABloLONbAGCH W Sdbonll. entltldSn&0AbENY dnayesl (Jr18efs as a
thernal hunt MPICh is able to rapidly dissipate thermal gradients
whi ch bl |da%5ar8 the tube (3) and thus WO

2009/ 019454PCT1C5820081002631 24

The reaction vessel shown in Figure 1 is of the same general type
as those described in for example WO2005/019836, which is
intended for use in an apparatus for conducting a PCR reaction.
15
The vessel comprises a plastics body (1) with an upper sample
receiving portion (2) with a relatively wide mouth so that
reagents can, with ease, be added. In the illustrated
embodiment, the upper portlon includes projecting flanges (6)
20 which are able tec interact with a lifting arm in an apparatus
such as that described in WO 2005/019836 so as to allow the
vessel to be moved in an apparatus adapted to carry out reactions

automatically.

25 At the lower end of the sample receiving portion (2), the vessel
terminates in a capillary tube (3) which is sealed at the lower
end by a transparent seal (4), forming a transparent window, so
as to form an elongate thin reaction vessel, which can contain
relatively small sample (7) within the capillary section.

30
An aluminium coating layer (5) surrounds the capillary tube (3)
and is in close thermal contact with it., This coating layer (5)
acts as a thermal shunt, which is able to rapidly dissipate

thermal gradients which build up along the tube (3) and thus



within a sanple (7) which is subject to heating and/or cooling. The
outer surface of the alum niumcoating |layer (5) has been anodi sed so
as to prodUr®HM%Tsul ati ng | ayer thereof. In an alt er FEt/GBH08/002631
enbodi ment however, the outer surface of the 5 al um nium coating

| ayer (5) is coated with parylene to provide electrical insulation.
An ECP | ayer (8) conpletely encases the alum niumcoating |ayer (5)
as well as the sides of the |ower seal (4) and the base of 10 the
upper portion (2). Is it provided wi t B4upper and | ower ridges (9, 10)
respecti vel%/t %’ﬂ £h.680e AL OpRRYALS %Et&ﬂﬂhb@ﬂhﬁfg aﬂdﬂwralﬁo&le@tri cal
connectors f respectively. Each electric nne 11, 12)

55 b8 13y Y

is provi deﬁ“%oﬁhe’a Sﬁ‘ﬁﬁﬁ‘é? o4f t]il‘?\\ﬁéPJaJr%mBT PPN Fi gur es
3 and 4) whichisagescabberd prbaug encinddiletsuy flager gherdef . EC]m ta® ensure

that el ect r£ca| J(_)vné[ a6 oéﬁne”%djf V}Qggp Léi{% Hody Qarfar&@ EERpel N use,

this parti @UrErevessel can ed with sanple and PCR reagents, as
descri bgd ahmWEie00BE01983GYALr ptBpas etPasafprié l?ejryéﬁn?otci/\,ﬁ?"%%%as
been added.pld: L he ri@gagent:;snnecessary for carrying a PCR reaction is
placed in the upper portion (2) and if necessary a cap (not shown) is
pl aced over open end. The entire vessel is then then centrifuged to
force the samgureléydr i(Al ocdrivd@etealnyi kheasest the olSpiniawt PeAFiE ST

vessel. 25 Ln 2 al1 ernati 8 sehadi-pentoRoveyar (4 hessamphasandt t he
reagent s ma I'oaded directly into the cap |IIa t ube (%ﬁum ng a
0

speci filal It ed@é’ieﬁriéd-”tf-%ewt)l ppEY i PEtHEFS ‘*éi‘rifa R 28% nyi ng
cl ose cont kohgh (pj pent eesgeitavaly wascideser adednadr-<c laperednfinlare30

copending British patent app On?gg%ér%n o tl?se ARplLeants . ofg.euen date

to the pred8Rt%ppricat on. connect’able to an el ecirical supply
but seat orlecipaicaloforgappor t@l, W LAPHFidedotiitd ¥ FAPEhAT at or

mat eri al (Jlg),algcgypgkyjlgc@m@nﬁrgs e(ngal)neﬁgu&gsfs)&ml i wpliahuaiedab]re
contact. with the | ower scont act

ort t he upper
(11). TRe ItBwRteTsPetS ﬂ:‘é? fta kie f‘%)tc = ed tg% ﬁg%géc? suppor t
(15), al so whtidte isohddd frogimthesoddit oF iriet @‘ﬁ?al

In use, this particular vessel can be locaded with sample and PCR
reagents, as described in WO 2005/018836. A prepared sample (7)
20 to which has been added all the reagents necessary for carrying a
PCR reaction is placed in the upper portion {(2) and if necessary
a cap (not shown) is placed over open end. The entire vessel is
then then centrifuged to force the sample (7) into the capillary
tube (3) section of the vessel.
25
In an alternative embodiment however, the sample and the reagents
may be loaded directly into the capillary tube (3) using a
specifically designed fine tipped pipettor, and with accompanying
close contrel of pipettor removal, as described and claimed in a
30 copending British patent application of the applicants of even

date to the present application.

The vessel is then suitably positioned in an apparatus (Figure 3)

able to accommodate it such that the connectors (11, 12) are



10 The solid foaminsulator material is arranged to m nim se heat
transfer fromthe electrical contacts, but does not interfere with
t he cont ad¥0 268%019¢é54el ectri cal supply (not shown). A riP/GBBPS/AHR631
solid insulator material such as Delrin is 15 provided adjacent the
ring of solid foaminsulator material (14) in contact with it. The
ring (16) effectively surrounds the rest of the upper electrical
contact (11) but is not in direct contact wwth it.As a result, it
acts as an insulator fromenvironnentd@S effects com ng from above,

but does n@b.ack .85 2Q ghthebta hoabusiRkeeE Jeadtos@upss: o rel ation
to the electri cal contact itself. Simlarly, the shaped support (15)
of a solidSPRffhnsul ator material is itself supported on a ring (17)
of solid insulator 25 material such as Delrin so as to provide

simiar brglegy g éosrf_}ggefdawsﬁsﬁ'a@% tloaks gonkact o BhayHaensgl | d

insulator rin are provided w conduits for electrical
connect fon eaatﬁ%%#ﬂ%g‘—%hﬂt%@@?ﬁc}?@uéﬁl RPPE2ey ¥ish e 49€sT #A8Ssol i d
i nsul at or bBQ:.Sm( &6 th1e7).1p§é1méu.aeﬂm\&btthcdd°tecapmn at uheli Dowdd ch t he

vessel is r.f qQr t.he tub | ffgg_;d ‘6%'
i sol at ed flegﬁﬁ’ﬁ“@a Nt Sﬁjrgreﬁ?? \/\é‘;’\}gron ta‘he}%L @:F {rlﬁt}% i%ﬁt acts
t hensel ves taeesqmdcmﬁtﬂa@tlswatthrtm@e%ﬂd foam materi al of | ow thermal

mass. 26 When arranged in this way, the apparatus could be utilised
in a polyrrerase chain reaction in a far nore effﬁctlve and rgllable

manner ,10as TE8ntRArEdEeR dBTHASS IR T Ahd Sn8T G195t Bt Rl teat
arrangerrentt&aﬁéfdmsud:rattmé astceriahl cbheadennedt drss (b, 1129e3#|eeet hen

connect ed totﬁ 6L LERLICL PO Yo ‘éﬁ’%&f@ubé LEARLE oL, . suitably

aut omat i cal'l pass current throu l ayer (5) so it
rapi dly progresses

A ring (16) of solid insulator material such as Delrin is

15 provided adjacent the ring of solid foam insulator material (14)
in contact with it. The ring {16} effectively surrounds the rest
of the upper electrical contact (11) but is not in direct contact
with it. As a result, it acts as an insulator from
environmental effects coming from above, but does not act as

20 either a heat sink or heat source in relation to the electrical

contact itself.

Similarly, the shaped support (15) of a solid foam insulator
material is itself supported on a ring (17) of solid insulator
25 material such as Delrin so as to provide similar protection for
the lower electrical contact (5). The solid insulator rings (16,
17) are provided with conduits for electrical connection and

spring-meunted in housing (18).

30 In use, the solid insulator rings (16, 17) combined with the
apparatus in which the vessel is held define a chamber for the
tube (2) that is effectively isolated from the environment.
However, the electrical contacts themselves are in contact with

the solid foam material of low thermal mass.



10 through a series of heating and cooling cycles, ensuring that the
sanple is subjected to simlar cycling conditions. This will allow

t he sanpl &QP981843e subj ected to a PCR reaction. Wl €B208/002631
real -tinme nonitoring systemis included in the sanple 15 (7), the
progress of the PCR can be nonitored through the seal (4) using
conventional nethods. As a result, rapid PCR can be achi eved. The
presence of thermal gradients within tgg vessel (1) and therefore the
sanple (7) is 20 reduced by the neasur taken, including in
particul ar the presence of the alum niumcoating |ayer (5) which acts

as a therne,ShuRtanglAus, 18l akle @ﬂg arpgggggg%%fq %@S&éltﬁsg@yupg

achi eved. 25 An alternative design l e vessel is illustrated in
Fig 6. ManyPONTERasT SRALR SS25F 0T HB %aﬁ% Berg PEHRtideednd reEigeel and
2 and use thenrsapeasd @bﬁpﬂmtmd@icegh&ujﬁpﬁd hodyr @2retrmtstrei ar to

t he enbog '”Eﬂﬁngkﬂgi%ﬁér% q,lslurﬂag gegiagnd w |l not be des_cri bed in

any nore detal Vi ew Shown i n shows two protruding |ugs
(28) which are able to interact with sockets all owi ng the vessel to

be centrifuged.cohRediiics enhadi rent th&zh%oﬁﬁ@éﬂeldaﬁé( dridbe1dAQ) ks nade

fromal um n| um. The .al um ni u pillary nod| sed and
coat ed with® %y /%1@515%’&%?%@?0 Jﬁ@%g%l 7 Erﬂ?llgﬁ'e °Thess
anodi sed | agwrrepkovtimpesh ettec ECP Clalyer nSUl abi on rapidllys brodrespas yI ene
| ayer py@vi gﬁ%ughogogm&g hid h&ytl(n@ngn@'c%glm'c%?e gnsﬂlﬁagt : enﬁe

i nsul ati on) he transparent w ndow (4) 1s inserted Into t

the al umi ni TAFEEPTFT ISEPY et tRse t0 2D Llahi IFRe rerditionst ad@isyat
i nt erferencelldwt thd hamblanspate e wimpowel 4o iaSromdea6fion.
pol ycar bonate, preferably Makrol onTl 4whi ch has sufficient rigidity to

enable the window to be inserted into the capillary and is
Where a real-time monitoring system is included in the sample

15 (7}, the progress of the PCR can be monitered through the seal

(4) using conventional methods.

As a result, rapid PCR can be achieved. The presence of thermal
gradients within the vessel (1) and therefore the sample (7) is
20  reduced by the measures taken, including in particular the
presence of the aluminium coating layer (5) which acts as a
thermal shunt. Thus reliable and reproducible results may be

achieved.

25 An alternative design of sample vessel is illustrated in Fig 6.
Many of the features are the same as illustrated in Figs 1 and 2

and use the same reference marks.

The upper bedy (2) is similar te the embodiment illustrated in
30 Fig 1 and will not be described in any more detail. The view
shown in Fig 6 shows two protruding lugs (28) which are able to
interact with sockets allowing the vessel to be centrifuged. 1In
this embodiment, the capillary tube (20) is made from aluminium.

The aluminium capillary tube (20) is anodised and coated with



10 transparent to enable optical nonitoring of the sanple. The
transparent window is provided with a silicon O-ring which, when the
t ranspar eMO WOHHSH4i s in place, is positioned agai nst BCEREHOEIREH!
edge of the capillary tube, ensuring a good seal. This O-ring is nade
of silicon overnmoul ded onto the pol ypropyl ene 15 wi ndow. The
transparent w ndow extends sone distance into the capillary tube by
1-1.5mm This i s advantageous because the area at the bottom of the
capi |l ary tube adjacent the edge of tHd ECP is the area of highest

t enper at ur %a%ﬁﬂﬂeenihe Bltodideld Dgydhbsowiriea middixiba tihanspapent

wi ndow, the s aced away fromthe 20 end of. .th ium
capillary Fﬁbﬁs?ﬁgjﬂ %arﬁ% Sordae:) Firr?vécri]esa?’égco atlbﬁtltr‘?pg é?lég

gradi ent. assGrmevwitle dleahsipaiemsudphtddw-is inserted into the
capillary tube, the capillary tube is overnmoulded with ECP (8). The
end of the 25 windowis free of ECP, so that it remains %r nspar ent .
Fig 7 showdhantzreepyent vandhodl nent o teHet Hop APatTE P rated in
Fig 5. The a&aﬁ.ﬂh@mve&gﬁ:ﬂhaéﬂ.)tw:as stownwhindet s ecklidntn dlaeedppanat us.

fhe samp' €. 4esehle 'S? nekd b Q@gﬁggaggnpxuggo&hﬁ%g%tdangfng mount s

(30) (only one ese nmount’'s erma mass due to
their | ow woluparbandteomrefrreral l‘éaéﬁeh‘éﬁl whigh e RS ERBb ittty he

nount s ar e Jgegg.fe PhaGK nBe rdonbe T ePBNtig L Pneabeoiiabal nad 68 a
bot t omléont act retainer

34) which i turn s ng, mount onto a
bot t om™pl at'&288er=58 ﬁbﬁ&?b?eef é’é’%f‘f%l f“o%{c}cr?tréc?s %§Har 6 % tﬁ% *f orm of
met al spri ngsnwiehtbrirshvagairrstiddiewiigpear séliastr Praingcewirdet Fern of
the vessel ...a Jc%%%@ér??%&h&&l 160M 8kol & LNEOIRILALEGG LS, ane Of S

s

t he upstana: ng nou f er and | ower electrical cont acts
have | ow t FEEREFZHFRSIURE FBR tRBIMHAFW YRS uﬁﬁsu’iiﬁnﬁ 7 QLo FHowd &
t her mopi | e -32)g fir ms@nsifngithent erpevatdace ooto tihe EORpichpiegle a

verti Call5 Slv\;itndgv:?.G )Th\n/amj:gahns%g§er% tu':u@c!loqﬂ gI{té/ﬂ.cﬁwsome distance into the
capillary tube by 1-1.5mm. This is advantageous because the area
at the bottom of the capillary tube adjacent the edge of the ECP
is the area of highest temperature gradient. By filling this area
with the transparent window, the sample is placed away from the
20 end of the aluminium capillary tube (20) and ECP (8}, in an area

of low temperature gradient.

Once the transparent window is inserted into the capillary tube,
the capillary tube is overmoulded with ECP (8). The end of the

25 window is free of ECP, so that it remains transparent.

Fig 7 shows an alternative embodiment of the apparatus
illustrated in Fig 5. The sample vessel (1) is shown inserted
into the apparatus. The sample vessel is held in position by

30 three upstanding mounts (30) {only one shown}. These mounts have
low thermal mass due to their low volume and low thermal
conductivity. In this embodiment the mounts are made of black
Delrin. The mounts (3) are retained in a bottom contact retainer

{34) which is in turn sprung mounted onto a bottom plate 38.



10 configured to view the ECP | ayer of the vessel with m ninal
interference fromother parts of the apparatus. Fig 7 al so shows a
cutter/stdpparodptP234 i n t he upper section of the vessel PCHGEYISPEIH
are two ruptured seals (24),(26) which 15 have been pierced by the
cutter/stopper. The cutter (22) is noved to pierce the upper and

| ower seals (24),(26), releasing a reagent or solvent stored between
theminto the sanple vessel. Wen | owered the cutter/stopper seals

t he sanpl e vessel. Such a conbined cut28r and stopper is disclosed in
W2005/ 019836. The 20 use of the metal capillary tube has the
advantage that it fo.jins good seal with the stopper, as opposed to
the st oppePPBeF iRt LH it aﬁ?ta\iﬁttshwEé@evﬁrt RGN PtE-) nefadi SHEREFt t o
get a good vhéelh .bru2d J=dings thk. uﬁpdxeamMMcuBScs:e:heé&ronceﬂChHétl ng a
chemi cal ok BLOChaMEAl. Leacliion, ghetel nSahd eacll Pl yessel oo

conpri ses capi |l lary vessel ‘or a tlattened cap i ary vesse “afl at

| east ore \EQFIuPb?t%é’r%ﬂ Feusts <58hprTP§e‘épF@th?ghIJy’WPhealrmttwadonduct| ng
| ayer, an icdAeictioRav@tiakl tKedmdy efasanduaiod Bhe&ar aby resieti ve heating
el enent, which is arranged outside the thermally conducting | ayer
characterized in that the highly thermally conducting | ayer conprises
a passi vat danetadisbi ehdvay er therdonkier ¢ tiee sertsdgpather esnsdriavere of
heating el erentcd %h%@ﬂ{[ b galdivai naylaied Eﬁ%ﬁ the Q%%h&'off b@é’&r by

its paﬁ@l vated surface. = 2. A reaction vessel according to claiml
with the s&PREHHESHal? E6FntigEaf 10aStohRBe oo sRe Viokghimimed, 3. A
reacti on vessetfeaeoos dirog diher! adrms2 ovharecbppdheubase of the
capillary vessel or flattened capillary vessel is of a transparent
material 4. A reaction vessel according to claim3 wherein a seal is
provi ded bétfetrttReshEns pattdst/ siePert al22antk the ernsid kesiiopessel or
fl att;aneﬂ G:aﬁlwlrés?’ey Vzell,%%ekhowrf)aré\ H@asth oM eS8Als Mor(gbﬁgvhtlgh any
one 0 e edi ng. cl ai e e entire_si

vessel téorrprlgl sgbs a gre Idngy%glye?utqﬁayﬁwplpﬁﬁer’rhﬁoﬁut'ri]iﬁral(?:f llsa’ﬁ}%‘fed

6. A react |tenpxmis:§eth‘aemﬁdlmgi toveanmypeale (6f) t {28) prededsgy @l ai s

uherei Nt heelBldl bi-Codtual 6QmRL!SASeah WHA Ulllo tfe f:280d:00, vessel
accordi ng %“%F’&y%? one of the preceding clains ereln e i nner

nonmet al | i wered 050 PY ST ECRpeEr $eils Braserrde 7ssehatedh et al
or a conbi ratboredtutiEesand stopper is disclosed in WOZ2005/ 019836. The

20 use of the metal capillary tube has the advantage that it forms a
good seal with the stopper, as opposed to the stopper being in
contact with ECP with which it is difficult to get a good seal.



8. A reaction vessel according to claim?7 wherein the polyneric |ayer
conprises parylene or a derivative thereof. 9. A reaction vessel
according to any one of clains 1 to 8 which is adapted for use in a
bl ock heater. 10. A reaction vessel according to any one of the
precedi ng clains wherein the resistive heating el ement conprises

el ectrically conducting polynmer. 3023ll. A reaction vessel according
to claim 10 wherein the netallic |layer's passivated surface conprises
a layer of anodised alum nium 12. A reaction vessel according to
any one of claims 1 to 10 wherein tff&etal lic | ayer's passivated
surface conprises a polyner |ayer such as parylene or a derivative
thereof. 13. Aar@awh iisse BLSHERLING 6 CREMILIMEG bibdBerfitaRieBtidndwidi@i Ridn t he

pg;g mnl A il O Euﬁgﬁseggﬁ%lllﬁp%sﬁ olr% gk !aécdxc@%ﬁhp?ﬁ%ggﬁoeme?sf r{leegwg b
bar bed el e(_:st% @?85‘1%?@% %%?gh&h%ﬁrégﬁ%ﬁ?né’?%régsay? 2 MO P Rl g o

el ect ri cal neoepiseiRive 1eape plemsiverictip @rdngedonEpeide hbymally sordwtitglaer syst em
whi ch al | owsarsrited ol thaaidk sigihamdrinaig capfiuctiryeayel cefirs éscaladsivateOmel v tidyerg

pol ynmer. 1@ndwieRfGid iRByry RISEE nAGERIHNS delilihdibdOrdRE Ghilichd)er
radi al thigkness el ectrically conducting polymer varies al ong

.of .t
t he vessel §6Spaags'v %dﬁugfgcﬁbe thermal gradients therealong. 16. A
reaction system conprising a reaction vessel according to any one of
t he precedizng ch esetien veaseilacaqurartiatiaig 1wWih th ssisora bkiEfotring adesmmeddiee sai d
reaction vesgehis. and which conprises a heating system adapted to
controll ably heat and cool said vessel. 17. A reaction system
according to claim16 wherein the thernmally conducting |ayer of the
wal | of thé reattFUA" reeberoig ‘%c‘%?a’f’?‘?‘%‘hgﬁiféP“‘éerfap’%aﬁéfeﬁ@&fi ng
system i s datenefdapiteivonsshiead k hignseyest ielgrizlabl e to interact with the
nmetallic |ayer of the reaction vessel so as to heat it by induction.

18. A reacti on gyslemAGFALsiRHo Lifim WALk 3 Sealtt sﬁ&eebmr pgating

system supplies heated fluid (such as air) to the vessel or the
vicinity t *8?58?{?“? m&%”*’g%“"t"l? GEFF"FEIE‘ESSF@QP&‘W&% "aﬁ'ﬁ?ﬂy Y*&*bptional Iy al so
able to supply non-heated fluid to the vessel or the vicinity

t hereof , s&. as HAcwaghf estel aoatingigany odDof thA preedint cleims shesdrathe engresieli ng t o

claim16 whel eiuk ehe cBrﬁ&iSésia%ta\{i%ﬁé?landaairﬁer‘h@&%&bllicﬁ@_&@r ding to any one
of claims 10 to 15, and wherein the heating systemis connected to

the el ectr iecal I X conducti ng pol yner

reaction vessel according to any one of the preceding claims wherein the metallic layer
comprises aluminium.

7. A reaction vessel according to any one of the preceding claims wherein the inner non-

metallic layer is a polymeric material, glass, a passivated metal or a combination of these.

8. A reaction vessel according to claim 7 wherein the polymeric layer comprises parylene or
a derivative thereof.

9. A reaction vessel according (o any one of ¢laims 1 to 8 which is adapted foruse in a
biock heater.

10. A reaction vessel according to any one of the preceding claims wherein the resistive
heating element comprises electrically conducting polymer.



20. A reaction systemaccording to claim18 wherein the apparatus
conprises a solid foammaterial arranged in direct contact wth at

| east one el ectrical connector of the resistive heating elenent. 31
21. A reaction systemaccording to claim 20 wherein the foam materi al
is a honeyconb or reticulated foam 22. A reaction system according
to claim20 or claim?21 wherein the fspam material forns a pillared or
corrugated nount for the electrical connector. 23. A reaction system
according to any of claims 16 to 22 wherein the apparatus is able to
acconmodat & nul X Fearten Yegsebacrstina e dadia Mg wherepgthe metyilisapierg prssivaled£ETape ng out
a chem cal canpridss o e wi 2padised gagitivran whi ch requires at | east one
heating step, said nethod corrpri si ng pl acing chem cal or bi ochem cal

reagents igpjo aAJegc@&tJe%gl a\é%?dﬁﬁ R TATeR 1{81&%}&&1 meta!!F *a?‘ér'gs Ito

15, or a reaction ve Ion system ac one of
clainms 16 P&SP4ed suRge ‘??EQ‘L‘EIBFIQP%Ygieﬁaﬁeé%fﬂb?ﬂpéw'@&? a8 c"t"'c‘jaf'b‘:'rt ‘ﬁ@’fabout said
chem cal or biochem cal reaction. 25. A nethod according to claim 24
wher ei n t hes.r eaciehdith ve@gitictortng td WRinired whe B theglymer 2er chniBdsp@¢ene or
accordi ng 1,Q.&hAlMm345wherein the reaction is a polynerase chain
reaction. 27. A reaction vessel heati ng system which conprises

el ectrically conducting pol yne arranged to act as a heating el enent
for a reacfton A€ vessghrgeosiing ‘Qﬂla"ﬁ‘rﬁ}"é"cbé%“b%dof@ﬁ%ﬂé?rbi“é%?leleeftmt act s,

abl e t 0 pi esmeet bt pisroesitigcerfaé ofttifecieeti@tt dohduéting syt istgnrpaioeer .

control system which allows coniroilable heafing of the electrically conducting polymer,

16. A reaction vesse! according to claim 10 wherein the radial thickness of the electrically

conducting polymer varies along the vessel so as to reduce thermal gradients therealong.

186. A reaction system comprising a reaction vessel according to any one of the preceding
claims, and apparatus which is able to accommodate said reaction vessel, and which comprises
a heating system adapted to controllably heat and cool szid vessel,

17. A reaction system according to claim 16 wherein the thermally conducting tayer of the
wall of the reacfion vessel is a metallic layer and the heating system is an induction heating
system, able to interact with the metallic layer of the reaction vessel so as to heat it by induction,

18. A reaction system according to claim 16 wherein the heating system supplies heated fluid
(such as air) to the vessei or the vicinity thereof, so as to effect heating, and is optionally also
able to supply non-heated fluid to the vessel or the vicinity thereof, so as to effect cooling.

19. A reaction system according to claim 16 wherein the reaction vessal is a vessel
according o any one of claims 10 to 15, and wherein the heating system is connected 1o the
electrically conducting polymer.

20. A reaction system according to claim 18 wherein the apparatus comprises a solid foam
material arranged in direct contact with at least one electrical connector of the resistive heating
element.



31

21. A reaction system according to claim 20 wherein the foam material is @ honeycomb or
reticulated foam.

22. A reaction system accarding to claim 20 ar claim 21 wherein the foam material forms a
pillared or corrugated mount for the electrical connector.

23, A reaction system according to any of claims 16 to 22 wherein the apparatus is able to
accommodate mulliple reaclion vessels.

24. A method for carrying out a chemicat or biochemical reaction which requires at least one
heating step, said method comprising placing chemical or biochemical reagents into a reaction
vessel according to any one of claims 1 to 15, or a reaction vessel of a reaction system according

to any one of claims 16 to 23, and heating said reagents so as to bring about said chemical or
biochemical reaction.

25. A method according to claim 24 wherein the reaction requires thermal cycling.
26. & methad according to claim 325wherein the reaction is a polymerase chain reastion.
27. A reaction vessel heating system, which comprises electiically conducting polymer,

arranged to act as a heating element for 3 reaction vessel, and one or more barbed electrical
contacts, able to pierce the surface of the electrical conducting polymer.



