REACTI ON VESSEL COVPRI SI NG CONDUCTI VE LAYER AND | NNER
NON- METALLI C LAYER The present invention relates to

WO 2aeniam vessel s useful in chenm cal and bi ocheei/6BR008/002631

reactions which are required to undergo controlled
heati ng and/or cooling, in particular, vessels which
are required to undergo thernal cycling, where a
sequence of different tenperatures are required. A

f
o] UL AL, R RHEhup SGBELLAAGE FoUFREE e

10

15

20

25

30

pol ynerase chain reaction (PCR) . A s is well known,
in this reaction, exponential anplification of nucleic

AU A3 L achleved, by Gyellng the. sanple cont %%EHQ et

e Vel
Sus §Ed o con%alnlng %%e tar et nuc EIC ac

¢Hﬁm;ugh @nﬂ|b@eph¢mxn§lseq@@ﬁmnmsowhcnﬁ1ageen¢qulred to undergo
SRR ALY RS th Byt C{@r €SEHLHOT 1 3AGGI Ica@auy &%%bgy%mh

prinmer seq uences an ynmerase enzymnes able to extend
Etlf?osf@qb%ﬁﬁertosé’a@@”rﬂ?e§hemﬁfﬂe§é(cﬂ-é%erw§ieﬁ?e% Teeprasemt

diherc-enpefaigd-esunar essatyaqliokqgnucl eic acid
denaturation (and generally requires tenperatures of
about 95 0 C ), prinmer annealing (at a | ower

A enpeiatlde eﬁ;@mpEe(aj‘ﬂﬂs&cHta akacti&d@reandnpiiarepf nucleic

exte nS| N (mh i,ch qu1re and
errper ?ure (J).crmelgl(ean& o*n gﬁrtf‘c"}%é) _I_]ﬁéa.ll_ymerase chain
feagrpdent (BCA .ndedis ovedbt Bewrt,hénr eisid ﬂeagthpqpeﬂponentlal

é&ﬁﬂﬂf&@&thﬂ %%lﬂucfél gé@@@'f% b@hgége%ﬁbet¥lllng the s?mple

envi ronnental contam nati on which nay be e resul
PROHELRENARY PUERSCHshWeFeFOn BIBATE n‘l’—fza\e dqarfﬁ%anmé@lc acid

€Hh2gRashh G teirhuabd Abqubhge P40 @li@téﬂhtofteﬂyéﬁaktﬂx@s ub & Sl:he
can be hel pful, in particul ar where patient conplla

DR BCR T CRTCHEL (DB ERat P EFUATT o RErCT St PR yerase
éﬂuym&ana%felﬁ@séxbendznmodéypfmme&ede@W§hoeeolemheéEh|s i s
famll ated b kln%tk@ lL.e small to_ reduce

peratures represent <The empe attres necessary ot nucleic
acid denaturation (and generally requires temperatures of about
95°C), primer annealing (at a lower temperature for example at
about 55°C) and primer extension (which may require and

intermediate temperature for example of about 74°C).

There is frequently a need to obtain the results of a PCR
reaction quickly, for example in cases of environmental
contamination which may be the result of hostile activity.
However, even in a clinical or diagnostic situation, the
production of quick results can be helpful, in particular where

patient compliance or return can be problematic.

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.



10

15

20

25

30

its thermal mass and by mnimsing the di stances over
whi ch heat nust be transferred. The sane

w@ongitasat i ons nust be applied to the contai nRCT/6B2G08©02631

sanpl e. Thus, a nunber of exanples of apparatus

designed to carry out PCR reactions utilize reaction
vessel s which conprise a capillary tube format (ie

| ong and thin WO 2005/019836) or as a planar structure
(flat and thin) (W020060248792 , the content of which

are incorporated herein by reference. A variety of

heating systens are utilized in order to achieve rapid

FoR Fhegebencfudeartfivleserdnmire rblus ddrigaddsystamsyi out PCR

mmoaet uémz@. suche @9 9blsdiSs fwﬁgclgo otrrEo ;600 34 gﬁzﬁlgéy

he sanp e or eatl(gégur poses eate
F%beslfﬁﬁ{nﬁed ¥ lepg etd dheni Wy 2098401 HF3 G xanpre aUglanar

ettt rbo (61248 6nd36ha1)d (WEROH2Q8494 7 crichecsoient: 9ficn
which is inco rat ed here|n by reference) . I'n an
afrs éf’r‘fﬁf?\’/]éatﬁﬁgge’é?”h aFStT=E"Erectrical |y conducting

pol ynmer (ECP) is used as both the heating el enent and

AT SATE, S5 L0 LI BITL AL 195,85 SO Z B St
rafiet €Be) ThePleelECPdRcfor asxaaplesibuid/bahedterstand &0

M‘ildhs h()%qflilfl%p Stlghb% %anfgtfe% 'i:g 'erl]e eéo%%&&lll&_alofs HPQ' Q/ample

way el ectrical connections . S an i nevitab
E%é’@&ﬁéﬁ%epL&PoﬁéﬂuchgnPﬁehetai’f@ﬂnﬁlulrﬁheé atrpHeds sapEfect

oyl ihacickéd aﬁdrngxar@@te kansian kpte, Adasautaf it, the

3/_ 8% t| ng and | ocating, the ECP can have
TGN Beaht 1 BEPnEI Pttt STUGHNL F1 LN RIBAFET QUIPgFELn DY
peflle@ne) s the formati on of tenperature gradients as
heat can be conducted both out fromand in to the

extremties of the ECP tube, through the electrical
Eomreeltermtias tyre ofhemp@&chtus, 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

is also incorporated herein by reference).

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
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 both out from and in to the extremities of
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
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and cool ed, respectively. This probl em has been
addressed in sone instances by exam ning the

We@b®entd46al connections thensel ves and i n partPCUGBR(08/002631
t henountings for the electrodes. These nust be
electrically insulating and are preferably al so
thermal ly insul ati ng. However, the property of thernal
insulation is in itself insufficient. Electrica
connectors (or electrodes) that are thermally
insul ati ng heat and cool slowy which has the effect

TSP KIS G OF hERR iShSGFEaRS - CEHF??kﬁﬂFGrQe SIELFBrhati on
i8kul oGt Wdinate teaperatly @186 aticafibslyd Lhmsﬁl:gatam.d However,

ner el SYeLinge e TRANLGE 1, oLt 10 SLpI o

insulators . This may be achi eved by pIaC|ng

HLfié 1ot %ﬁ{aras' Sobhate Aaged geetﬁaa%tglu&teﬁre@ﬂaipy

uce ermal’ nmass retai ning t
lphyéa’@aig haeegrid WOﬁée@IJeQWlWoWéHHpé?a{S the %ﬁf@@ttr dHawking

t‘ﬁ%ﬁhlxﬁ;cﬁ%‘éhgr J:(S}g:rl'bﬁtb£§ 185 $8BCE rrf-8AYh I &5 ltoﬂgltudlnal
inclusion of air gaps in the nountings. This ma

%@ﬁ?é@%%?ra%eﬁ&sf ééﬁiL%tréPllﬁl Shemmidh ¥ HdYey o }ﬁ% or

nro@htwc_l;sam@tf 914 trhelorsihad nabENd foor thbfmel eebsogde well as
mounts_are suitable in the for of a |II§red or

b@&PPuHé?ré‘&lnb’&%‘ilaftc?Fst HEMR BEY PO A1 PR atoP o

ideststbed mhoerbxamhe ti e wa0RE 65/ mm:ssned IR @410 SR
I t

ABnEERE M P R AR el B 48 BBkt cy ppeded ko

gyappst ofhet kéestrqrles -afuthestsageusian r 61| Je?ﬁ tSSFpRFaMt ur e

fgéu19£stgﬂé L hBRusi N S5l 81:24ab8NBh Yerdl fbhstdgs.NTRis may be
stemthat is being rapidly heated and cooled. In th
a&éﬁﬁw%@/ Péﬂﬁﬁtfo%bf“ﬁt?%]cﬁlélr S I%H@P?%‘E)‘?%Pr reticulated

fRHPes atdine agﬁl&@h*@rﬁo& are d1erresde Thenhappbirgantse havieable
J;p%ﬂg EgﬁgF%%ratgmg edugéléa?rﬂ agg gk%nt for the electrical
connector (as described for example in W02005/0011834,
WO2004/045772 and copending British Patent Application No.

0623910.7) .

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
the capillary format, both radial and longitudinal temperature

gradients are formed.

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

be reduced.

According to the present invention there is provided a reaction

vessel for conducting a chemical or biochemical reaction, wherein
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thermally conducting layers such as netallic layers in
wal | s of reaction vessels such as those used for PCR

w0 bege1gsadi ents may be reduced. Accordi ng to PECEGB2008/002631

present invention there is provided a reaction vesse

for conducting a chem cal or biochem cal reaction,

wherei nat | east one wall of said vessel conprises a

| ayer of a highly thermally conducting material, (in

particular a netallic |ayer) gand an inner non-netallic
er. Preferably the said reaction vessel conprises a

| a y_ the

SraprPPargPe d8sd ©oriaddf Yt ten E8 R AT 3r%¥ﬁ€s§§l a Eghly
frkemavoy davncecbingaliberidhe Garpardiayesr asndtzedic layer)
ggfein.refersnggiggxses ential%¥ %%:'Qartggran ement. .
Bt FTE POTRET Uding both sef TESUPport rig 1ayers as o+
wealske lasorquatsengs cadidyery wrssebatt rgslahtetedcephblary
s&elfsupporting, will generally conformto the shape

of the relevant substrate, and so for exanple may in
practice may be any shape, including in particular
Fdibyharavaildghtardy acsetf - spRarhi Mhjeayess WRY hakein

what ever formis particularly convenient in relation
ﬁ%fQ?ﬁet%cﬁﬂ?éﬁ?S??F%ﬂ%léhl?Wﬁ%?raFEr%RﬁﬁTenﬁé%%f?%ﬁ?rlal'
Mmesseal g Bothheel vepibdbiavaygeethd helbhs coatings.
conductivity.as a.result of .the.presence.of the. highl

B RarT P BOHARE L THE 1 BUBI%T “Ehe VAL bRy (Hererorenily
gmfobe useathel phapacti ths wevent espiertabuee awhispofor or

' ticul.ar er.a [ j t ; ; ;

e%}ga ak ﬁ%ré%uﬁ%gg@ﬁfe RQ??§3$%3 an];yg, qﬁgﬂg&jlng J_nt ﬁ<ae§/tlcular

er at U ormty rtant. Therefore,
Wy lbe - partimédpakyy sedéf srdartieactdvens Bt ke whatever

UG ekcpaciduappl § fdeabhomt aactbons oahksheidweh¥ext in
thermal cycling such as the pol ynerase chain reaction
PER) thevifgegdd8et her mal conductivity neans that

significant tenperature gradi ents through the vesse
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
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
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 homogeneous) .

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
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do not form or are rapidly evened out if they do
occur, so that the tenperature profile al ong and

W@eos4she sanple is made flatter (nore honogeCiEGB2)08/002631

Generally, netal walled vessels have not be used
hitherto in reaction vessels because they are
generally chemcally reactive in particular with
bi ol ogi cal nol ecul es such as nucleic acids and
proteins, and so the netal inferferes with reagents in
he vess and sg, di sru t he reactlo Howeve
%ﬁﬁﬂd'gén sUHA gfound“fﬁ‘tg?rﬁzfrﬁPgﬁlgﬁn ggnpﬁ%v%ﬁ%QFCSﬁkfn
bwn6ﬂ190prmm¢amhgn béyemn iinnesntzon- wetialthiec thayerllyi n
8&HH&3%En§‘iJ&é&hEuEQ¢£§"%hEym ?%Eti%§%J %%egsségﬂéf§éctively
ely torma

he met a ayer so as to ecti
EOffpGsicPErOSHE -vessel is sui tabI y an el ongate vessel,
with the layered wall formng at |east one of the |ong
wal | s so_as to increase the surface area of the netal

Toh &SP hg Wl CRRHE R §1PROR e VP 8%t it hofh% lrgagentvall
fdﬂrntn]lﬁlig ¥eSEalst bﬁepcafrttjfhleuhaﬁg wtgmesvgéfggl tbslxa:relase the
ary or .a.flatftened ca Ly, vesse
v%lgfraé: %t ﬁe 'Tlengt% hel%etsae h 3¢ adlrilélga%gjo%@&g{lel? & VBF une
pfoximétgarmplae randentnner tie amstsels afre E&!I'ah.bulalxn the vessel
@rat Ic%BlLfiam} hf? %Ql[]e({r ql @[@Eteernegf ﬁq}%.lr%kgéélset %]t'l%]?e the

In the rang rom0.2 to ness of
Rngthi éSg%?ﬂeerG&eFiyw r%:rﬁom@@@ﬁtq) thet woliysupf 1tBmpanple and

Brawkesnofe suchevassal s %%a@c@§€ﬁl§@d tfh@r l&mllgmé&r of
WO2004/ 054715, US Patent No.” 6, 015, 534 and

> 5019886 &S cht Bt THRISUITCRTPE G- ﬁcGPp%‘Pf%rt edhe
fierainesbyo f afrer @BTE. 1 sSSyeheveSSeksorf fieaki vel e £ ermphit SE, 5mm.
a single radial side wall and this suitably conprises

a netallic |layer over substantially all, and

Prafedeabdy aldh vessalrseare Wesreeribkat fenedatnpbesinar e

WS£ha /bBEY: dTRY b8, 06 @ nghape dessyi hed o 2005/019836, the

content of which is incorporated herein by reference.

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
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 generally 0.5mm or

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

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

The lower wall may also have this construction, although in many
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i n W2006024879, the content of which is incorporated
herein by reference. Specifically, such vessels have a
wor@vi1948ept h rati o of about 2 :1 or nore, forPEREBRI08/002631
of 3:1 or nore. Typically the width of the vessels nay

be of the order of Immor l[ess for exanple 0.8nmm or
| ess, whereas the depth is generally 0.5mmor |ess,
and suitably less than 0.3mm The vessels nay be
tapered. In these cases, at keast one side wal

conprises a netallic Iaye and prefer y de
ipaFancesonpF i s PrefetEed iteafalRs 1OFRE W%E%e 3&?? %ﬁ&? the
paksmxhane tEss1caBSHE L&tﬂr@ﬁspﬁdzﬁomgherzral such as glass or
nyi nstances,. it is referr e lo ,
a\?\gf @5?&’% ?%&e he ﬁep %Eng@%fsoa rg\rll\@%arc SRFenee
offatied i radacs iich wﬁssgﬂas&n(he aptIQﬁiiwamemﬁtqnﬁdydnrlHQSG@h
gc@14ryc%¥1go@1a§nes §9e{ﬁlb%atgt.l§af%} %nhévé)f txlégsgﬁ('?&lty‘ Qgh

vessel can be optica moni ¢ or ed durlng t he reaction.
ngheing @edpar E@twq‘mﬁé@ﬁl%lthﬁub?a% apelaet 2 dh&bEGE hi gh

ng!féf:ﬂg.yp@ Bt QLS%EB\%C@'&Q bbbgediL@he a’@ﬁiﬂﬁﬁrbﬁt threrial

CP. Préferably a seal is provided be yeen th
apﬂaﬁ%gra@ﬁf—lw SeaPL o LRECTAS PRIy Vee T8 oSt P
sth att enedatapbhlaby HﬁS@r&{lngA wiidhahbhe Beeajntwgnehl‘i Wwigh or
glaai Wth or separate to

Steﬁ%r??ear?gpﬁﬁgnﬁrar?ﬁpéf a"tfﬁl s%1's particularly hel pful

in the case of the use of the socalled "real -time" PCR

gcié %r‘]ﬁ: ?@&[grl?)tnl ??%ulSI:Lgn@lll qalls% B?“&lﬁ&@s@r of the so-

uore cen om signalling reagents added to
qaﬁée@CFtaeéad;W@'h PCBr pelvete casyvers ueh PB4 FFhall9Rg1Eheln

J-SRELL DL RNAGLESSES, s§§’na¥l@a¥fr&ﬁes1@rnﬁgﬂ.§§§ fagkh€s added to
reacti on can be nonitored. Such moni tﬁr gcht ives rise
t 2of

the PR BRTTOAR o PRRERAT] waﬁga%% B argattion

Pr6k et Lo HCisd ﬂh&mlﬂmet ﬁﬁogﬂ’distsl af ﬁaamleectscm paavbdi ng
further infor

oni 11 ga t % rlse tou%gé o rlo%)(g
ToR+ P Egfhos tEs, "9 H 8@%%? rﬁlﬁ’| g Jt% Seriousnhess o
quantifying the amount of target nucleic acid within the :Lnltial
sample, so providing further information which may be of use, for

example in diagnostics, in determining the seriousness of a

particular condition.

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

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
glass layer, since glass is generally well recognised as being
compatible with many biochemical and chemical reactions including

the polymerase chain reaction.



10

15

20

25

30

particular condition. Suitable non-netallic materials
for the inner non-netallic |ayers may incl ude
woolesL nmaterials or glass or even a passi VBEEGB2008/002631
| ayer created through anodi sation of a netal, or
simlar process, or conbinations of these. In
particul ar, however, the inner nonnetallic layer is a
pol ymer or glass or conbination of these. In a
particul ar enbodi ment, the imner non-netallic |layer is
a gl ass layer, since glass is generally well
HPWRtSdni BV BRY I PAESEGHSaf Mot @W?hﬂﬁ%&aﬁﬁo&%%&?“ﬁe'
palgb et ea) d&@GH/&ﬁfhﬂooinaﬁéﬂ,diﬂgwéhE Polsynecasss ohach are
react.i on. However, pol.yneri.c terials such_as ; ;
CHBIUPAE e, 51 JELI GRS, " Dol yBF oGPy GnE LRy Teaction being
cpotygaphbonatgsn dsewsddctasnsvddsednes whi ch are
conpatible with the sanple and with the particul ar
reaction being carried out within the reaction vessel.
S@ge hinnemetayenfemd Lhi yenayendy L9 yipgdrangd gURRArting
sEHRPQIASN Gt S gL YT 88, £ M8 No B cBEs § &4 NRENDYs injection or
processes such as injection or_extrusion noul din %nd.th
KRB i RemoFHESY RRY el 8- coATEs WY htq“:f"’ng? a??ﬂgﬁce with a
mb8YElLc 0byERL b uTRYe PenBX beudetkledf 6 nBdndidr ectdgtigndoto
ghe net?LIi | ayer. However, if necessary or required
LR R AG et YD exanpl e of pol yneric material may
deposited on the netallic |ayer for exanple using
mEGCII WS, SUAIL-33 89%198@0;'%9“&%@%9 phasfe of
eposi‘tion or plasma polynerisation to provide a
ppélmeiirelpterial mayederdrichdney thesBptatigstrY et & he
kST MRHA éﬂﬂﬂi&uggygﬂbh é%tﬁgﬂﬁﬂk|M§é&biﬁﬂéﬁh Biidﬂdﬂphase
l'ayer may be applied to a different inper non-netallic ,
deRpettigs Q8sRYaFEdPabElRF 58T HOt hoaPEBITS it &°5R T T rghln
layér palildnCrbpri nses i talda tpek i iiantayeim-aktahi s tipper.
Al%eiéggy¥glgf such a thin layer may be applied to a different
inner non-metallic layer as described above to form a composite

structure.

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

reference.

Compounds of this type can be represented by the general formula
(I)
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paryl ene or derivatives thereof. Parylene is a generic
nanme applied to polyxylylene as for exanple as

walewenied in US Patent No. 3,343, 754, the conP@nGBRF08/002631

whi ch is incorporated herein by reference. Conpounds
of this type can be represented by the general formula
(Dwhere i s Ris a substituent group, mis 0 or an
integer of froml to 3 and n is sufficient for the
compound to b e a polynmer. Wgere mi s greater than 1
, each R group may b e the sane or different. In one
enbodi nent, mis O . Suitable substituent groups R
wWheekutle buts ar subati thient teoupp R1is ORbr SRUNtEGEO)FE From 1
) hy ha . ntr .
tg( rgb()g)?d or gu%y%lengnég%heegmeQ%ﬁ%sndalﬁé %/%(r 5 %a
gr oup and where R1 may b e optionally substituted b y

V@lré.eceollﬁ {@rg‘?ceQEQHpéla%eheCéé’ﬁa er F&Llilyq{aQXM!a tlrh.ﬁlsgﬂgnor
nitro, nitrile, amne or nercapto Sui t abl

Hydeseat bon groups include al kyl groups such as

strai ght or branched chain G _i Gal kyl groups, al kenyl
roups such as stralg t or branched C2_i oal kenyl

%h SSARYRYFE gt dGpd-such a s straight or branched

C2- ioalkynyl gr oups, aryl groups such a s phenyl or

SR B Yo R, B8ty EE AR i ed e =
C(Pé:'» _$R)y aP& @), = WHEGCR O rarliydavwlrorhaéyw@alf#WIrOgrr@d:ggle,

dB%eD sa%yoeéhheyrc%&s@étaﬁym@rw s ot hgy h@mgs@&%@peroup
groups and in particular _alkyl, Ikenyl or "al kynyl

Frloipsrak dBRE MheathtrAldY PAPTTIGHESR % AfSI 85 Bfre groups

GQupsd Reidchydeoalikyhsi1ses) asta®t Bylerieé hyemingr epyl ,
but yl or hexyl, which may b e optionally

mercapt

Suitable hydrocarbon groups include alkyl groups such as straight
or branched chain C;_;palkyl groups, alkenyl groups such as
straight or branched C,.jpalkenyl groups, alkynyl groups such as
straight or branched C,.jpalkynyl groups, aryl groups such as
phenyl or napthyl, aralkyl groups such as aryl(Ciig)alkyl for
instance benzyl, Cs.igcycloalkyl, Cs.jgcycloalkyl (Ci-ip)alkyl, wherein
any aryl or cycloalkyl groups may be optionally substituted with
other hydrocarbon groups and in particular alkyl, alkenyl or

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 hydroxy, halo or nitrile such as hydroxymethyl
or hydroxyethyl, alkenyls such as vinyl, aryls in particular
phenyl or napthyl which may be optionally substituted by halc or
alkyl groups such as halophenyl or C;_salkylphenyl, alkoxy groups
such as methoxy, ethoxy, propoxy, carboxy, carbomethoxy,

carboethoxy, acetyl, propionyl or butyryl.
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substituted with hydroxy, halo or nitrile such as
hydr oxynet hyl or hydroxyethyl, al kenyls such as vinyl,

W@eapbs194 parti cul ar phenyl or napthyl which negT/5B2008/002631

optionally substituted by halo or al kyl groups such as

hal ophenyl or Cl1_4al kyl phenyl, al koxy groups such a s

nmet hoxy, ethoxy, propoxy, carboxy, carbonethoxy,

car boet hoxy, acetyl, propionyl or butyryl.In

particular, Ris selected fraogn hal ogen (particularly

chlorine or bromne) , methyl, trifluoronethyl ethyl,

propyl, butyl, hexyl, phenyl, C alky |phenyl,

Ihaghhhybulachmohexgdlé&ﬁddk&ﬂbayEal&@éﬁﬂﬁp@?t?&uﬁéﬁl@tchl%rlne
are rticular varie 0

&P k%Inglnee)v\ih c%%ﬁayalbrlgﬁf %{ 5&% %P@depﬁﬁli’%'eﬁélt » hexyl,

Rhm)eflie M-l QL ph&ayly| eaphtdhylwheyelohdxyllandhbdRziys.

chloro) , Parylene F (where mis 1 and Ris

trifluoronmethyl) and Parylene D (where inis 2 and

R 1RS| of eMcsr Bylymepsr grerrelidsaa Watvilenbar | Particular

ENER SNtpRYhYAR I ABLEY IR of:@élr&ré)g.lngh{l@e Hlrylene N

hpternal coatlng for the netallic surface, as it nmay
WergaRi 15 BppFredarsi Ag(WarspBuis deasi Ri th Prlecess.
Raryllhhe 1pr ecess @ ok dn@jlrttllsetrgfllf&rom@l:ﬁyl(l loha@Arylene D
w@l and mare as defl%ﬁ- Fove is placed into a
SU|fab € vaporisa i"of ¢hd n solid form Wen the
chanber and heated under reduced pressure, for exanple

to tenperatures of about 150 0 C at Iom1pressure for
pour i ses.

Q
va cii)rglrlgl ssf tahggg%lr%\uns ferfre dlventlgntapp y5F @a&ﬁéﬁﬁjerfor
Rieaidinhen énpermluceatsngnfol hhghertalioec sxaapke & it may
B%bQHEdfig)égpﬁﬂgdtdginergsééﬂaﬁrl§eéé¥it§é§né??ﬁ$ss In this

Pyrolysis occurs so a s
FFOFRAE | DIF 31 dlferacti terwadaokBEl ¢ species o f formula

(L) (1)

(R
H,C CH,
HzC—@CHz
(R,
(1N

where R and m are as defined above, is placed into a suitable
vaporisation chamber in solid form. When the chamber and heated
under reduced pressure, for example to temperatures of about
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 0. 5mmHg,
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I f thisi s allowed t o pass into a further chanber
containing the itemt o b e coated which i s a't

W@rioem4s4 enperature, but also a t | ow pressurBCT/GBr008/002631

exanple o f O lranHg, polynerisation o f the species
(I'lI'1) occurs o n the surface o f the object, s o that
a coating o f the polyner o f formula (1) above i s
produced. The species (I11) condenses on the surface
in a polycrystalline fashionjgproviding a coating that
| s.conformal and pinhole free. This i s inportant t o
Péfﬁgéh?%lst RECUaRYSS &TplFe U Hhe W Te&d P if vegsaftives
ricsiohat 8t speates her mekahld critayer. Conpared t o liquid
processes, the effects o f gravity and surface tension
are negligible - s otherei s n o bridging, thin-out,
pi nhol es, puddling, run-off o r &¥gging. And, since
the process takes place a | ‘n1tenperature there i
s nothermal or nec = 9 n the object.
Parylene i s physically sta- g/ and chemically inert
wWthin its usable tenperature range, which includes
the tenperatures at which PCRIlDeactions are conducted.
Paryl ene al so provides excellent protection from

r; rosi.ve I S S, ai.rborne
e o il ot ey Racs, Pl s P eqingrg the
kemety hesegated t‘%’écél ettatoambseihdespeyatune, cbat &z at

l@&oﬁﬁégsd%hﬁcféfﬂgﬁa %9@“5@1@nﬁﬁmHgJ*Ewgyﬁérlgé%ion of the
licants are the first t o find that parylene |

588 %Fu Bitd) wWEHCheRi e s§rEass sdhéhecaltissdet ﬁ@n’@laa‘:né

coat pag tdfcttharpaivinart b RERulgact) aBovands t;ﬁ%dug,@d of

paryl ene for coating reaction vessels and in

TRartlcular PCR reacti on vessels is described and
CPaPREd Stn (the &SPPFRERT SRchPRMNTEGCRpateft PRPBFT YL bine

fefhewen pdatedidg at beat/:ﬁﬁ_:js ehadfid henappaiataus, plile free.

ffectivel orns a thernmal .shunt, ,
ng%g:l Ct@ﬁa?ﬁgn %Faeflsdtllre ft %,]%nnye s&gqp?e ov?&hln gge reaction
vessel 1s isolated from the metallic layer.

Compared to liquid processes, the effects of gravity and surface
tension are negligible -- so there is no bridging, thin-out,
pinholes, puddling, run-off or sagging. And, since the process
takes place at room temperature, there is no thermal or

mechanical stress on the object.

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

find that parylene is compatible with chemical or biochemical
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th_e reaction vessel to another. Thus it mnimses the
bui | d-up of thermal gradients in the vessel and

wo b@peiagseL in the sanple during the reaction, IMiII/GB2008/002631

important in ensuring that the reaction proceeds
efficiently and well. Thus vessels conprising a highly
thermal ly conducting material nost suitably conprise a
mat eri al which has a thermal conductivity in excess 15
WnK. Materials having this jgroperty will generally be
metallic in nature, but certain polyners, in
repetiong and tifoge kgt ra¥ it gdie ESFylffear Lo 3} yRErese of
pgﬁ%ﬂe@ignkeg écfafe:&ﬁgl f%a_ldmadgﬁéésmgscemrﬂ?rcspasumhum [BORON
nitride as . a i a have th esir€ el
BTG FRR e dOCEPUTg o b A PLAtT ot NodeoRr e,
chbgilingt heteral lapptibeahichi ng eeredrée- is netal lic,
whi ch may be of any suitable netal or netal alloy
including alumnium iron, steel such as stainless
Ist ged vesepberf theadpradatusr i werallit garer cefactivhby

fgngllﬁﬁlé ;cﬁlﬁ%ﬁ%{ﬁrsh%ggpréoﬁﬁ%cj@hﬂwHga%”kalgﬁcﬁl.ﬁfframr@{eabaﬁﬁ of

1oy has the additional advantage .of gjVving,
thp gFRRAR}OR OV HE Ls AR ThEE s el TPhé e A TRtese Bre thelaue
olti G Muatihgra@l dnyt sC 0R dtied vagsemtard ahetsfqyeetar el wanple

chosen to neet, the general ,requi t t . 1.> 0
GRore e EoTreh oAl T o SRES R e o o R

: hé 't her ma
rekatsidiherbhesdmle f€onterotliyvehg . wellli.s conbi nati on

ensures good thermal uniformty in the sanple within
the stal k. Alum niumhas a thermal conductivity | of
TR8F Wesélandompmigiingbt vl ey scordvgtngRategial

mtogkss%%lgz &r&pr:isg- 008 06237 whiknld8s Wdkerhich

meets the Fequirement above.The reaction vessel in
capdepddfidy WRtHRE FRVERE onle iy 8 ARG Eiﬁ dyPerty
WUt gl heathdgefeanse aNdadsrd, masubérofin belymers, in

g;%gig&%;%JggggetﬁEgangsC&ggﬁicéé §§éés9fo£r5%i¥%kké égneéqging

thermally conducting ceramics such as boron nitride as well as
diamond, may have the desired level of thermal conductivity. In
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

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/X,
where t is the wall thickness of the thermal short and A is the
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.
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to the presence of the highly thermally conducting

| ayer, the heat will be readily transferred to the
waeselvdsont ents. Thus the vessel s are suitabl BCT/GB2098/602631

in a wi de range of apparatus in particular therm

cycling equi pnment. These nay be heatabl e and/ or

cool abl e using a nunber of different technol ogies,

including the use of fluid heaters and coolers such as

air heaters and coolers in pgarticular those heated by

hal ogen bul bs, as described for exanple in US Patent

No. 6,787,338 and WO2007/054747, the content of which
ThS ﬁe&%@ﬁ.@@rﬁsﬁ%@lbyn re&fc@ﬁ&éh@@a washwehd iasrehhivesselsbe

usi as_r.esjstive heating ele nts,
haRtHSEs PBOF SR S IEd P aRE W B0t o roBsE ST
pbesegicec gese ccHeutmt h eq:ortglellctbmmﬂihe)fv s efs. gay L athso Vbésel due

in t S I | o

Heaer L PRAR® e hodt ol by ol erel ool ol ima i eke
headudililohe headdiy ‘Fmeleﬁéﬁ‘é & Hreert 39l cPReSHetal | i ¢

| ayer. For cooling the apparatus nay incorporate

t her noel ectric devi ces, _conpressor refr%%FEator

Thiee 6! 5§Fesls PEPCEH G Sof L dbIS Mg ¥ 1'iEs “8R9e °f

aPBERSSA! Yn ﬁt&M&%anarv%hﬁraanhéydmmmseéguiﬁmdnhe i Thessat man be
Co rlse metal Lic |ayer, this.nmean y nmay

haP ST I5e géﬁBF?O&Fbﬁ%ﬁ%E Heat's ﬁglﬁ% #2$£§%gﬁp
teafeidgar s et ddsling ApEauat ust USeddt bedtests @Q@SQQQieéﬁ such

th t
aga g{.:': t V:ril_\ege:gger}op c%gﬁ.%ect : Oﬁ% {l@lﬁ\ég I:lt‘@sef %hl;éc? 3’byt Ralogen

gret i c induction
bexasplas bgsosiimg éOhlﬁﬁﬁmpﬂéquéﬁEyPéF?%ﬁrﬁﬁ| ﬁg7%1n%%§nﬁnd

W696%7}6547QducﬁhéEQGMt§ﬂHla%nhﬁlaﬂtﬂg AnthLpdmtak. by reference,
Resi stance of the metal to these currents | eads

agotekl FEatPneoielehes g &CF R At TSIV S Fyenbf a?]eeéneﬁyss’
f&@g@%mﬁehust@ésﬁﬁtseao&sm oF0r4348e ahl TOIRVOEY OIL836 as
w?.i?é#engdlas% ggg& fsﬁrti'ler belowbeTI(:L:el evaérsste gltma:[yh%lgg}tb%J Iuis(é‘éd in
more conventional devices such as solid block heaters that are
heated by electrical elements or induction heaters that induce
currents in the metallic layer. For cooling the apparatus may
incorporate thermoelectric devices, compressor refrigerator
technologies, forced air or cooling fluids as necessary.
However, where the vessels of the invention comprise a metallic
layer, this means that they may also be capable of being heated
using for example induction methods. Apparatus used to 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 current (AC) to induce eddy
currents within the metal. Resistance of the metal to these
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
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wi thin the vessel should be of a suitable material to
allow it tobe heated in this way, and so for exanple

wo e@o/omasal [ic | ayers may be preferred to say BCHGBR@8602631
steel or copper. Reaction systenms conpri sing
conbi nations of reaction vessels as descri bed above,
and apparatus which is able to accomobdate said
reacti on vessel, and which conprises a heating system

adapted to controllably heatland cool said vessel in
particular using any of th t hod dISCUSS
PRORRREES dt Hot® SEHecE BISa RE%] CohOTHE 4 S?éﬁé{ £s

magYybd e Bdtlee ré® tancsamm@laaﬁrﬂemal $tiqale olreao:ppean vessel s.
When the reaction vessels of the invention are
utilised in conbination wth resistive heating
Fehehkon syssauh emipECPing tcombipetiensary IRErRonreeydfds as

&Mg@ziebw%btwghlm 'agwpéwe &RhAwCld RE1L AYEra deSmRbSBle said

electrically conduc such as a netallic |ayer
HORFSLOR TEIseELr | 8 MPLPRSITRECESS roREhend eissemadanted to

eater1ddl ohdet 4 EB@YQ&&dSb@ééeIH HeUb4 St iRfular Theing any

| i cants have found that sipble to passjvate
DBt g o Cod it A0, FalR D m et speRESSE
1eﬂveﬁtid>rcalThn§é b ratted o moet Ia]elEGR; abubmsdddtle nnlgigdd

lon‘%%gg ct. For exanple in the case of an

un1n|un1ne allic | ayer, anodisation of any surface
of the alum niumlayer which is to be in contact with

ﬂﬂ%ﬁ Eﬁé'faéc¥§oge$g§% l§u5f‘€ﬁ§ EH@éﬁ%g%np59¥|dk%il%@&rhn
I nsul ation. Alternativel Y, n%ie ene ayer

qembpaz abite WASh dexdsithEg %ﬂf&\}ég 58 tap pP @Y 260EE e 1t is

ldekage, afo %ngfﬁﬂﬂwaf &$@¥én%hEYh£§HB%UEhéfmhlﬁiyebnéuﬂﬂing
as the netallic |ayer_ which contacts

ECP
SR e i oeP EETT VALY G195 1 0 att 7 Fagafe yer,
t3ehib ayera rhayel i heshenedd ttrbhathd hegidoivoteater in order

1%)' m f I Canstt‘Jo¥tacg_{jrctuoltt hé cSI Z%hgragpq%.rcg%l:s r@a%zsé ggultlc@echat it
is p0551ble to passivate the surface of a metal layer so that it

is electrically isolated from the ECP, but still in good thermal

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.

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

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
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The ECP is suitably arranged as a sheath or coating
arranged outside the highly thermally conducting | ayer

warwInkmesel ectrically insulating | ayer thereof PCEHEB2008/002631

descri bed in W08/ 24548. By keeping the el enents of
the reaction vessel small, in particular as thin

| ayers, the thermal mass of the vessel remains | ow,
and so fast heating and cooling can take place as is
required for rapid PCR Thusyin a particularly

gor eferred enbodi ment, a wall of the reaction vessel,
RAd1388 t &1 Feemdeibe  elaigssvaf | deoreppiapegsapel small,

iBOBREL B 1aR hﬂnlﬁflnnﬂlélyéfﬁ a|t|1'1|aCtl|1@bﬁ%rl, b 9§ &X%Halxees%fel
s .i,s covered

lass ar a po nat a .
I%mfaaflf 010“1 aj‘p/“é?‘ % f&égc}l‘ chlalga%% CORAPERCETS tlaf‘ge%’/]face as 1s
Jﬁmweremsz:ampsie@ercally |nsulat|ng | ayer, for
exanpl e a |l ayer of anodi sed al um nium or parylene or a
derivative thereof as described above. Qutside of this
Thagetn ias raatiablarlyr ovethated tmyatimehtel ®otalilcaf | ghe

£eQBdust iRGspe) YAmY su.ﬂ‘:‘%ﬁ’%ﬁéeé@t:@re sggé]evyaallsyof the vessel
i ntended to be di sposabl e after a single use.

CQWBFh%? IBr FRTTF dPTERBb HEntaYer melor 8FaHe Péa@%qsénor a

p«o&sﬁehc andesidl ablmlﬁ h@ Bt EF& deda M@%Alsll‘éf 1£§@r as
descrEbeé: r Se 1 Heta llag r l trlcall

ar aht A U hi § ci)?/ejrtes& byCa¥e éil Bi’r?rbﬁ s y
unﬁgmatgngngaye@%ﬂiorfexamp&ﬁTplEaﬁeﬂ ayfeenodisiodl @ethium or
p%lescr gbgj Qrd@ﬂ%%% %{er%fage% v tsecrg. ee ea%fovgs utside of

above a er is surtably
throviakar as| aydrabay m@tﬂtdleldcal layego n@ uetsaigipeliyrer .

chheno®ing gglﬂm%'exr edgﬁ@l‘ij R sKeepi Y g%g@rg v 19.t%e£]<§é.cpﬁ:toebe

contact. wth the highly thermally "conducting [ayer
Arresaifordrig Jisthgaps)se: Thernmal lag is further
reduced by providing no inner layer to the highly

I%hgﬁo efyp%g£g¥¥gd ngoé?QZ%tMAérb;fleo%xgﬁgngeggtggn vessel,
and suitable the entire side walls of the vessel comprise a
metallic layer, for example aluminium. This is covered by an
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.

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

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
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t he paryl ene coating which has mninmal effect as a
thermal insul ator because it is so thin (about
wGopienoet res) . The el ectrically conducting peCHGBR008/002631
needs to be connected to an electrical supply, and so
el ectrical connections, which may beintegral wth the
vessel, are suitably provided at each end of the ECP.
The ECP el enents used in the vessels as resistive
heating el enents can be manufsctured by various
processes, but nost a conveni, %% rocesé $nvo|ves
IR

a%r—aeﬂ IR o Gl ¥75 561 13 5Ot a4 gapheend of
faeoeeBs of injection noulding, the material tends to
forman outer polymer-rich skin that may creates at

| east a partial electrically insulating barrier to any
ﬂﬁetéﬁﬁaﬁlamgahs wfedmaki Pge elesselt s cad reehshite heatsuch

GaseRrs G @g%&&%m@dw Qgeﬁo&%&obgsée% hel.pfilsd @

reak throu e 1 nsulating skin and make el ectrica
@@ﬁ?ae@nwptrﬁ%% IByPkveat@csrien wydeing oOﬁ FEfeRmer -

dhevetfig QBGypﬁgcééEeoheiﬁjé&ﬁlﬁﬁSﬁdﬂDdlﬂBHSthd Ma8erial tends
parti cul ar enbodi nent, e reactjon vessel

t§é§8F?b%Ri9&68€ép°%¥9eﬁoﬁh t%ﬁBPet??f‘gﬁyeFEﬁﬁﬁﬁscFF least a
gﬂnﬁﬂby dedreanslnf ihanbetire) BatriémmtocaﬁfEEHtErmthmEans of
erce ihghsur q&%tactthe el ectrically conducting
eése are suitably integral with the vessel.
Such barbed connectors may take various forns

ﬂxepsqﬂ:qll %sgpon’fﬂQea;%rltclaﬁHé aﬁa&é)nfdl%r %‘a@nlef tshﬁelpful to
reacti on vesse I'n particular, where t
Rregke| thrgugh 5h@eﬁéﬁ‘a]r¢’%/”{gub‘iﬁl@r %’t?nf‘ﬂ%jiﬂ’ a‘f]reti-ﬁrlcal contact

ﬁﬂﬂht@Eéebﬁﬁﬂ'QQQeﬁiHMWQ%t@E&efnﬁb H@K@e&@@‘ﬁﬁéraffﬁc1ency of the
annular nmetal rings with inwardly projecting barbs or
RSE1PPKEYSSMilar in design to "Starlock Washers".

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
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
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 Washers”.

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,
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The inwardly projecting barbs will cut through the
insulating skin to make el ectrical contact with the

whelokotemiucti ng material, as well as hol d theP€T/682008/002631

position. The outer portion will present a netallic
surface for electrical interconnection,and so
apparatus intended to accommopdate the vessels will be
configured appropriately. Furthernore, the barbs
provide effectively a scall oggd edge which helps to
reduce the size and therefore the thermal mass of the
RECPBYE g AP s erefRacRCorRadethtdet vaseal st bl thre
&G iglhés dmsopheatfdint.her advant age of further
m ni m si ng heat exchange between the el ectrical
connectors and the ECP, so further assisting in
EQQﬁ@@EmgrQHﬂﬂaﬁtQQEHQW@Enaidgﬂaﬂfbeﬁivéky'ﬁ&Eb&HEOpEHeedge which

ecLo d r u I er eof
SORREELCE AR CRELLL UL AL 08 D000, LHEFSAL e cne
FRICIRERPERDI st péhgt Fedsees Hidte chatacl Bereeani e the ECP This

ﬁabaﬁﬁgnfﬁkﬂﬂ%regﬁ$gﬁﬁ%ggh§fpﬁfﬁﬂhéﬁtﬁleﬂighhbtﬁ%aﬁmgkéﬁgnge
metals are ableto fulfil this function,
kﬁ%l’“%/efe&u?}éer 19SS EF 31 E°RREEI=Sl aﬁ%rtk%%é‘cgon?%cﬁuéﬁéehas

dregrtiognth tredheisd ainfhessd $heehal TfH-91180t UM LD&S.

the required nmechanical strength and el ectrica
conductivity, but also, it has a high corrosion
Thesicontegives atd GWiknlarigurtpei lsartgd yheowot hereabuitably
é&l@qyﬁ&ﬁéﬂ %A%%rg%l @(S?L}Jg@n ?r%(hhe ghg?ntegilanlcatlh(?Pgngth, S0
F“Fé’tteFP%Ibaré’ﬁdcw hfeshghbened e e@m@@t ths wetthatlon

dielityar emiii st aga kb 88 pRSgHPL &0 %ll9§l t@nrsegl%:&lon, a
unwant ed thernal effects at the el ectrodes .

RGBT 0rs SBf LS My pelady €08 okle «omBeetexs thgs been found
tmﬁbafafdiﬂﬂéssMEWéﬁl W thidecd pard i @heaﬁéﬁﬂﬂkégemédhanlcal

IR LD 0 aE e Tlom Hidy Wy, T PAED, o PaReh AT

qn;mnec@m(nesmﬁitanney aearﬁwkma vesselprisingly low thermal

conductivity compared to many other metals (cf Copper @ 399 W/mK,
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 thermal effects at the electrodes.

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

vessel is 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
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
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or device which includes ECP as a resistive heater,
and such reaction vessels and devices forma further

wW@pen1946f the invention. In one enbodi ment, tPEI/GB2008/002631

profile of the ECP may itself be adjusted to vary its
radi al thickness so that the resistance heating

i sdistributed unevenly in a way so as to reduce
gradients. This nay be done enpirically, in relation
to any particul ar vessel typg; by determ ning the

gr adj ent profiqlt{gL whi ch occurs and adj.usting .the hi
ERFERIESE BReYHE YEEP ?rWa\VaF’Poﬁ%q:roeéfa As® hE s S8fS ™Y
rac aondigngh yicdyipi, cahl yelathenptofdrdye particdiart apesedd type,
bei.ng narrower at the ho % n_tJ ;
o b SRR R e e ThE (e ohdoat{iReing
tki thidkmelsadef grheuELPi e vECRovesiastigne eohddrersssel

Ik ive i r iher wi &eﬁbebein
T ey el 3 Cohaue ReCT e anit s eagan 22
negERYSRtata thartHérnaspedic gesetk Ghavers oitP-A s

di scussed briefly above, the apparatus into which the
vessel is accommobdated for. use suitably is .provided

P RROHEE LOT S Tt BF | I AARENLT & BOTh® Al iGPett et sl o
wndisdaaamlkes nstdnatohed ters, t heremteertiiat absbebsregwhce or
rel eases he l.0 ) .and _al.so o er
o o0 B M A0 R P g B e
wesgals foainr vet ke fuirgheorammgcasof ddrm isketpteical- or
honeyconb structures. However they nust be able to
physically support and position the el ectrodes, and
AsheiatetEct heve s BPREGe Wedegprietor AREe ditlyh the vessel

{4 LBBERHRRAAOFoF @Skl EENES1yThYSpidvidepakitiCubants of a
enbodi ment, of the apgar at us f,orlthe ngl I%( cy.cl |501 trhe(:.L o
REORE LRt SO he FERCEP o SFESLEP - A Ud8EF Thed "EBove™ '
@RNPEL6£% 18 ab8bilE fandnr ardaikisaheal rdnged) iandialecthave a
lco%m;cﬁ(e:ztcmﬂ tmgsgt lT%aJl.Sét cgrl? %eOfacﬁJa.lelexgeo? lb?/c}:ngf{ﬁ%l t%gngfgétsfode
mounts “air-like” ie formed as foam, skeletal or honeycomb
structures. However they must be able to physically support and
position the electrodes, and therefore they must have a degree of

rigidity, firmness and/or resilience.

Thus in a particular embodiment of the apparatus for thermally
cycling the contents of the reaction vessel as described above
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.
As a result, a more uniform temperature can be maintained within
the reaction vessel. By utilising specifically a solid foam in
preference to a conventional solid insulator, such as a solid

plastics insulator, the performance of the apparatus is
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The solid foam material acts as an insul ator,
preventing heat flows and particularly heat |oss

wo kroogas4 he el ectrical contacts. As a result,PEI/GBR@8/002631

uni formtenperature can be maintained within the
reaction vessel. By utilising specifically a solid
foamin preference to a conventional solid insulator
such as a solid plastics insulator, the performance of
t he apparatus issignificantlygenhanced. Thernma
%£ dlggéézset u \Métu t he reactjon vessel can be
(I R s BRitody GG HRE S APE ¥ WdBiR oFhe
Jtd@e:tﬁautvqsmaﬂ. toarmel ifketimat eedatsd have a | ower t her mal
mass than solids. Therefore, in addition to providing
I nsul ation preventing the flow of heat into and out of
Ithé sreakiaved Vessdhishtoulle thetld eicri clhdt contatike

ﬂd%%%lgié'Hybeségfﬂdgrceﬂéfﬂ%ﬂjhgggr %% she é'qu%Qge¥ re, in
c0OQ [in g ocess. In contrast, | nS ators %
C

aé%dxjﬁul‘? PrPRE A lﬁa%%aWPePF%Yﬁm‘-lw Heatfloy afcheat into

anmobuﬂOMﬂlﬂﬁbOVéabﬂ@bﬁthéﬁséﬂWQHrBﬁﬁhfﬁheagiéctrﬂbagrégﬁkact
S sources or.si nks, of heat depending on their

tt%CPFper AUt ETPREACANELY FHETs B I e a tHRP sARh SOP bl REGCess -

be di sadvant ageous in this context. Suitable solid

Ifnoégh%set“ ng’ld rl%'sﬂggt t %llthgl a%s)rgl’flggrﬁtp rlllegglo{, g were

ceranmi ¢ f0ams or ~conp es made’ Sévera

fP&Pﬁl%%lhﬁateR@rﬁﬂde@@i @thﬂgvam n(Eclaehealisha@r got at all),

’dﬁ@h’%wra{c"blﬁgaﬁ s%"d‘%ée@sonpgllylﬂg e&f‘%%to&e YN8 e r
foans . In particul ar enbodi nment oam terial

Hegpar%%mfelffwafm teckhfisemPoans %@ﬁ»eww |§pusdnpe ikse

diBesgaitiageolONTehak| tsnd@teri al s (such as netal

oxi des, suicides, nitrides, carbide or borides) with a
crystalline structure, which have usually been
Spibekebs edlatl fodn ghtéeigier ahdledamesane dlia¥e, dedigie,

p%E9hérJ“¥%H£ﬁ§€L§8%ms or composites made of several of these.

Particular examples of such foam materials are polymeric foams

such as polyurethane or polystyrene foams.

In a particular embodiment, the foam material is a ceramic Ffoam.
Ceramic foams generally comprise inorganic, non-metallic
materials (such as metal oxides, silicides, nitrides, carbide or
borides) 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
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
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Many such foans are now conmercially avail able. They
have been devel oped mainly for the aerospace industry
wob@seiubei r utility as insulators is a resul t PGF/GBREB02631

l'i ght weight. Solid foams generally conprise solids

whi ch have many gas bubbles trapped w thin them They
may be rigid or pliable in nature, butare preferably
rigid so as to support the electrical contacts. Were
they are pliable, the foammeterial suitably has a

good "shape nenor Various fo and types .of I
e R el e
whe@f rasyoine plloanse, thBeyoat eanmdbabyswiarbby hasethoosl
Jde endlngrqpon the nature of the material used. For
THSRaAE8 %0l i d foanms conprising pol yners nmay be
readlly prepared including foam ng agents into the

LaRar EL& FUOEESS d%ssb§13W¥Jamuﬂg€gﬁﬁé§9dafé‘ﬁﬂ&%nartSome
nd se

ntac oans e foanmed materials such as foam
ag¢ mwnays bereéﬁféﬁ’é?@d |fﬁa1as si ey ahmyrader Rervaigrrd
mé%ﬁ% H@Mex’rﬁ;ﬂﬂg’ §$m@ frrapedupolofMehe afatidieabasdl. For
starting material and naterlali are esse%t|§é$y coat ed

l%?ﬁ%?%?he%%l%ﬁ £8ATD CPBORARL TS YERER dtong°t brimd Yoy~ cPared
ipyT@ling So&firdghagpoty nerof tempreparexanpepcesr,amscis well

foans can. be prody coat i
ueg?%%ﬁ>§ké?éi aaer|3%ﬁx?rghﬁ %Hém% ?ﬁégﬁﬁgpgg%%%?gagerlals
shtinder fand gersaningy phrasesparerl ithens shiteer Fay- at

el evated tenperatures . Metallic foans may be forned

by electrolytically depositing the netal onto a
opbty el iflofrmumali el ige al ERamesUBPEEE A5 BRY HaghC

SEQ§%£HBJ%§kE££HI Qﬁdamiﬁgﬁﬂalgniﬁété@%eﬁ@iéﬂﬂ%’cB@féﬂ onto these
precursor_via electrolytlc g #IOH ui t abl %

OFoPHEP FEERPIMRII S af TG % ﬁﬁ?%i PYIHIYERShRs S Potymer
ff:llalrdorﬁﬁc eREm@Te,plaesphor m&at cqur mepto@a;edebg ncadtemg a

| um n

pﬁ,&ym%t %taﬁl{j%%me% g:ragbclarll ele ur < erlveld f{:@?r:l% t@f&h atn
appropriate binder and ceramic phases, and then sintering at
elevated temperatures. Metallic foams may be formed by
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 deposition.

Suitably the solid foam material is of a material, which has no
fluorescent or phosphorescent properties, even when illuminated
with a light source. This means that it may not interefere with
the fluorescent signalling or labelling systems that are
frequently utilised for detecting the products of an
amplification reaction. Such systems may be used to detect the
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.,
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the fluorescent signalling or |abelling systens that

are frequently utilised for detecting the products of
wa@eooaspd4s4 i cati on reaction. Such systens may bRCT/E82008/002631

detect the product of anplification either at the end

poi nt of the reaction, or, increasingly, in

"real -tinme" as the reaction progresses. These systens,

whi ch include the well known "Tagman(tm" system as

mell as other systens such aggthose described for

no eous_f| uorescent chem stries for
aI -?Enfe'bpg ﬁ%sglem Dal- GG PP, TD. 37, Realsitiige B§R: an
ed§entaaﬁ dﬁﬂdﬁn J Thagainp FkﬂﬂwdrdﬁE&Fﬁjkauaﬂeﬁ§8§mﬂJ,aﬁorlzon
d o, war s eds ., Horizon. .
%éieeﬁ% |£ ress rgha"mﬂp%Sl5 J%‘ gg?)fonttﬁgrc &€ hich
%ﬁ@éﬁfPQﬁat\ﬁﬁl berdin ichmlfﬁnealt:ed hHerreiinsbyneef gerace:

ok BSLaNGe S@NEHC ARINAY YELLiSe DL}L?
int gr cal ati ne dyes thgt exhi %It %%ct?legs ki ll}oﬁrégjé(aea 33

STERSBTRRE FBeURMINE §Préntde DiersiselcPER species.

@t esaeRCent AEdRATRILE 4 @il iSaHeNphie lKntration of

n entrat i 0 f DNA duri anpl i fications can be used
3 AL SPLAET 0N OBF 0GR eE HRES 5 AEESYHA feeEheen

rtraxggess roicecul éetgomyina Uthetarbut tihaerl e, cdiyy number.

e e Wt h a control
%e?@%%egb %ﬁé&lsﬁ%%g f culﬁj Fvesstan ngkg%neﬂngfggle‘{ §pange
Ex RAPPRCatatret h@ﬂbm@l@in@@mmherm bey genenp tedoweayerexample,

ahensthes MRt ek alnas: a-flagrge of fluorescence, this
may be obvi ated by dying, coating or inking the foam

before use. The solid foammaterial is arranged in

HeBtvact whehhtad dd%@&&aprH%sadeégﬁgéa%@bk3h5¥gége9£e;!%%15 may
Suj tabl ysufficient foam nateri al

eI egtrical, contacts u

R8s CRY + e 8Y sOY Tfat SPATtHse OF fn}é]frfge(’ffl?vﬁ?a;}“ P§6P 5T ee-

the electrical contacts from environnment aI effects.

Tl o1 d leaanerall, be. achigued by arrangingthe s

}am it orT Al G I dont Aot eERS At T S58FAY é” é‘rTBTfeleaSt one
a@égggeﬁﬁrabﬁg both of the electrlcal contacts. Suiltably
sufficient foam material is arranged so that in use, it
effectively isolates the electrical 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.

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

arranged to contact the solid foam material.

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

insulator is a polymeric insulator such as an acetal homopolymer

resin such as Delrin™, acrylonitrile-butadiene- styrene

terpolymer (ABS) or polytertrafluroethylene (PTFE).
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el ectrical contacts. If desired, a solid insulator
material may al so be provided and arranged to contact

WO b@osoi4s4dd foam material . Suitable solid i nsuPEE/6B2008/002631

materials are well known in the art, and include
pol yneric or fibrous materials. In particular the
solid insulator is a polyneric insulator such as an
acetal honopol ymer resin such as Delrin(tm,
acrylonitril e-but adi ene- stypene terpolynmer (ABS) or

oI )ét rérafl roeth P? %PTF%) The solid insul ator

e ArTangeECY aé'o £ a2t raRISAbEe LETAFT poriRshantigl

mgphe fir keasplonre Sedet Q:fnet hm:scﬂfj dht oson iRBEEEEL Al

'Qﬁe§léﬁd'H%9Qa%d#£E¥% Ifﬁ%u atlo C%ﬁégegf%hgdsglld foam

naterlal itsel romcnanges I n enV|ro
nadpperhtihselanfrgo chnhane emt lkevbvemsnial et dngleirhictiye Gi‘nd so

é n v 1 O d | v} r e
S star s i Lo SO S BRHY al

ELrngh St el nsuleitnsl l%mﬁo%ﬁ?ﬁarﬁo aheke i9ffeseivahe

Jpsroeets ecrad ﬁ:aagﬁi‘ﬂiﬂtve@fsel hercgokhd d:sthatl MndiRehREDY Ghen in
on the nature of the reaction

endi n
vesse?( and© tcg %89 PH WO ARE 591 dydRgilakog therefore
WigAt V@)nedieabnde;g exanptiee ofatpends thki ebadidiehudessel and

gh%aﬁg]ll e described for exanple in
Eo008) iﬁﬁi&a&og%/‘bﬂ%ﬁn, where the foam
naterlals have a degree of resilience or conpliance to

l O l X 1 C lKe
) L 00 ok, COELECS P gy

RRYEF ¥ PR e 6%\?1%]131]0?@ fat @rxiaﬁlpée iy "e800sEP11RARch are

moummmded &&@%Héeféﬂaha@e.@igfs‘ 6h68td Wehi-cm hol d
he Connectors is ac n an alternative

ren%o%ler}ﬁen? L AP LHBRER a?%?e'Llﬁf’ot%ﬂ &R ppke egsepnpactors
facobdydatedpéotingsBrisir eutded Apct hcapiot No0f 0é3810.7,

Jhgﬁénfgrm foam-like materials may be used, which are sprung-
loaded to ensure that a sufficiently firm hold on the connectors

is achieved.

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
known in the art, and include polymeric or fibrous materials. In
particular the solid insulator is a polymeric insulator such as
an acetal homopolymer resin such as Delrin™, acrylonitrile-
butadiene- styrene terpolymer (ABS) or polytertrafluroethylene
(PTFE) . In a preferred embodiment, three low volume mounts of

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
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mass by providing one or nore | ow vol une nounts of
solid insulator material. Suitable solid insulator

woreaoennirbs are well known in the art, and i nclRCEGB2008/002631

pol ynmeric or fibrous materials. In particular the
solid insulator is a polyneric insulator such as an
acetal hoitiopolyner resin such as Delrin(tn),
acrylonitril ebutadi ene- styrene terpolynmer (ABS) or
poI ytert rafl ur oet hyl ene (PTFE)Z In a pr ef erred
cé three. | ow ngllij(.[:re n%g o

nsalﬂ Sﬁ%r"%&f& V"% e “pFoVitFe o ‘Tﬁgﬁl Ta?sne VEs®B|TOre
dhetappat atauganty ey peoviidertail trhtieltet phealr cont agdsnts.
for connection to the electrical connectors of the
vessel . The electrical contacts may be sprung
I&Qﬁﬂta@psve%ﬂl@haﬁai@qrhéa@v@ﬂ@g angfreasiionl tHprens

ESIGIREy thent BER B JABESin QIRu@ba IR 8k 661diiGAN reactions
contacts may be integral with the one or nore nounts .

TR deidfeVediErs U AESCFRbRdREGe Gifd PSR Enprovides a

ﬁyaioansoeo&aﬂrysh@godﬂwanbnaﬁu&a ggepliddheteal calac@nén which
bi ocheni cal S sreured i,n_a further

aspect’ %%el%aﬁve%’%‘? ToprBYi Yed a fik H‘bgh%rc"é‘?rrﬁﬁﬁﬂ%
Pleciagchieenicall or Hmoamleam&hlreragantss omtwha clegegunresssel

Q’If o{e%%?t&b %b%@?t'i}&b%‘ggﬁiﬁ al.d g"BL qnt%"%”éss't%gbrlng

a(:lngc em Ca reagents into
et |8éﬁd\ﬁése@epahsolaé§@ph@@epadbmectm hélamarrg’-lgait@r, the

T&AQaNnt s 55%f%§o£éﬁk&ﬂt%gaﬁﬁ&&gtd%abgeégnybQ@& éHs1gned to hold
bi ochem cal reaction. In particular, the vessel

posidfohe 93t 6“%%%@9&5%&%#@%&%?%/ dé%ﬂ@arﬁé‘dctléarr the
Apdtactis edibrigebeattRRaborc el b cae%cﬁ:ea@m rbvel Nand the

B Crullr Pl =R o Dot T RE T lncty OH Vdurf ot hep pgrerase

clycin mgactiprparticul ar is a pol ynerase chai n reaction.
The invention will now be particularly described by
way of exanple with reference to the acconpanying
Thadgmyanhior wdldwieryde particularly described by way of

example with reference to the accompanying diagrammatic drawings

in which:

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

vessel according to the invention;

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

invention;

Figure 3 is a perspective end view of the reaction vessel of

Figure 1;

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

Figure 3;
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in which: Figure 1 shows a section through a first
enbodi nent of a reaction vessel according to the

WO paoen1946h; Figure 2 shows an enl arged vi ew of P€TI6B2008/002631

portion of the reaction vessel shown in Fig 1 , which
i ncorporates the elenents of the invention; Figure 3
is a perspective end view of the reaction vessel of
Figure 1 ; Figure 4 shows an el ectrical connection
used in 'the enbodi ment of Fi2Qure 3 ; Figure 5 is a

fi hewati ¢, di agram s °‘é('l V%%%?h as v%@ as SFOQHrPn

in posi iOf TR A first of 4

Byadrend appeosatasn g 6ls$nnm@badsm§nh o @hthﬂg@hlacycling
dyenbodi ment of a reaction vessel according to

the i nvention; and Fig 7 is a schematic di agram

showi ng a vessel as shown in Fig 1 or 6 in position in

B f &C Qg £ DT L@lfroagﬁl haersré&bnay&mq@gma@@aﬂabugeaction
The reaction veisel shown jn gure 1is of the sane

YeiisrtaP CtY e s U hote l&@%%*f“roﬁ’ed PR for exanple
W02005/ 019836, mhlch |s i ntended for use in an

rat.u r react e_.Vess
%ﬁ#ﬁ?rgéeé %éﬁ) %g?9 gm ?ﬂi 1ng % ésggl %? %29%% ?L Fig 1
Peceilni pgsdon on & zs)eowmiherdquetnantweﬂ yl shh@lﬂenaiowhlsmg
ihal-akgagents can, with ease, be added. In the
i'TTustrated enbodi nent, the upper portion includes
projecting flanges (6) which are able to interact with

'ﬁzé iehbBgor@vB8ssB1 adhARPAR angalr%ughl A% hat gescrbheghl type
2005/ 019836, so_as to e vessel to be

0GR AARIR 2 % ol Sl BILRISUSRRE e biis

intended for use in an apparatus for conducting a PCR reaction.

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. 1In the illustrated
embodiment, the upper portion includes projecting flanges (6)
which are able to 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.

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.

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
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automatically . At the lower end of the sanple

receiving portion (2) , the vessel termnates in a
w@apooiesy tube (3) which is sealed at the | oweCT/6B00BP02631

a transparent seal (4) , formng a transparent w ndow,

so as to forman elongate thin reaction vessel, which

can contain relatively small sanple (7) within the

capillary section. An alumi niumcoating |ayer (5)

surrounds the capillary tube4(3) and is in close

thermal contact with it oati.ng.laye
wh IR ErEsTe SR e et B (iR et R B Eing -
Thdesural gﬁ:&ﬁlcenbs it @hui(ﬂi.hhiuih gpablmngdavhe tilbédag3heen
and thuswthin a s J [ [ b
AR E Sarfki & u@e anThl)ésu\cl)%tt g?gsu gc}éﬁ%e&ﬁe fn an
a?attannnaMuwem em@minmgnt etyvellevesf) s obeen Salﬁééi:%éﬁf $5eas to

| C l X e t
aP‘%@l%gl g 8y #hoﬁuh%éf‘% yayeredhenepfsn I ranead ey pabive

wever e outer surface of the al um nium
el—:@amlﬁgllmﬁé’rla(%?nrs coated with parylene to provide

el ectrical insulation. An ECP | ayer (8) conpletel y
encases t he aI um n| um_coati n as_ wel |
81 Hids LoVoF b | GHEP LS (A Shid ‘PRe" BRLETER Trrigperer
(Bprésj Qral(LZés .thkesS si #le proivicde dloretrh seppers) aaddl’@welbase of
{j L%psg Ebjf 110c)n (gﬁpeqsl \é_%l éc"\ﬂd%'& %99:1 8 tl%wer

owWer hular "6l Betrical connéetors 11, 12
rw@q:ﬂeamve@y reBpeht et Mhaﬁaﬂl wonAeeFOdete, Yney §nd ower

%ﬁ%’a{r?%gex\iélrbaﬁ @ng&{toqfs ﬂy\’arl@l Y rREQIRGLLNG. balRks

igures 3 an are able to pierce the
esertricelotortRetpeP (th saFeplde-tdeél ekl ifc AP PAct

1h§aﬂﬁ.qze %ﬁ&ﬂll?l% badys O(fl3t)h@F:Eﬁ%es| B aIEe, 4 t Bhsch are able
part| culpar vessel can bhe |oaded wth s CR

tP eRbRH s ERasSHESCRi B d-ih FD %(%1/551{@8 ﬁ\lﬁ?%rplgzraéd

cSAPRHE 167 had® wilthchnbasodyeen dddedral | t he r eagent s
necessary for carrying a

In use, this particular vessel can be loaded with sample and PCR
reagents, as described in WO 2005/019836. A prepared sample (7)
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.

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 control of pipettor removal, as described and claimed in a
copending British patent application of the applicants of even

date to the present application.

The vessel is then suitably positioned in an apparatus (Figure 35)

able to accommodate it such that the connectors (11, 12) are
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PCR reaction is placed in the upper portion (2) and if
necessary a cap (not shown) is placed over open end.
wWab@oemus4s e vessel is then then centrifuged toPEDGB2008/002631
the sanple (7) into the capillarytube (3) section of
the vessel. In an alternative enbodi nent however, the

sanpl e and the reagents may be | oaded directly into
the capillary tube (3) using a specifically designed
fine tipped pipettor and vwzsw acconpanying cl ose

trol bed and cl a
CPRAE RN (15 0P FE A c IR CaBb 51T O B The

sappbdtzant s of even date to the present application
The vessel is then suitably positioned in an apparatus
(Figure 5 ) able to accommpdate it such that the
Acobmectforss¢lil] foah medetrectaisirdat ol drepetyusngthane
t tiQn SURRQET $ith Ah@ D8 &f Age

eﬁg?&%ﬁ;% nf?%@uﬁ%tggoﬁg%%%?gl (14?E&a ol ethane ’
perblere et Hhe FHRTF PieprovRdedt o %]a>ct hleHe
|l@$@flc%qg@oﬂg§c§’d qn2ofid hRiuppera @h@ﬁécﬂl.ﬁﬁpoﬁ‘:entmt, also of
tg The | ower _el ectri.cal fontact (12) is held on a

Rap¥tcs dBPBr i Y48y oF S 6Lt he solid foam insul at or
material. The solid foaminsulator material is

rra to nlnl heat.. tran t.he
S RotD TR RS abL rer are PO T he oBar Bat gest
’drlaeséézeﬁrpmc’athe suppkyi¢abtcoshawky, Ul d9efg nEEeInEFrLere

gh g,d naylator.graher é?écti%al Syl (hod sHBkAY| ded

adj acent the ring of solid foan1|nsulator mat eri al
(14) in contact with it. The ring (16) effectively
p?lf&ﬁ&gmbs bhesdest 1gguii't§>ruﬁ§€érﬂle©hﬁhccﬁi peQBiAacis

ut i's not in direct_co ct wit

RrEEhits acboatts W GOF RLOR AVENT BRI TS AnERLE el (14
ief testacticamtngifr omhaboiey (h61 dbsthotlacturasunds 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
either a heat sink or heat source in relation to the electrical

contact ltself.

Similarly, the shaped support (15) of a solid foam insulator
material is itself supported on a ring (17) of solid insulator
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-mounted in housing (18).

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.
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either a heat sink or heat source in relation to the
el ectrical contact itself. Simlarly, the shaped

WG pot1u4s4 15) of a solid foaminsul ator nateriBCT/GB2008/002631

itself supported on a ring (17) of solid insulator
material such as Delrin so as to provide simlar
protection for the |lower electrical contact (5) . The
solid insulator rings (16, 17) are provided with
conduits for electrical connéstion and spring-nounted
in housing (18) . In use, the solid insulator rings

16, 17) conbined with the apparatus in which the

SrTPRIPR| IR §BiF iva Shanmbmarksrs téraldybe yiR)ligRdtin a

bslLgldhasti velin reptatad ihr anrdhe 8BVl £ QWRHL . addPWRY Skp1e
the electrical contacts thenselves are in contact w th

PHE ol P FOEAEt €7 iRV I6PS | 'O Thartel© ResslWigirtive
arrangednts dhiisswbyrod hetappdr.at us coul d be utilised
in a polynerase chain reaction in a far nore effective
and reliable manner, as conpared to devices which had
Alee gronaktevrmat(ilielar reasgéhemtenobctad aatbe ebdariakl

Qﬁgbﬂ§0nwﬁ£éﬁﬂfé Qg&tgéale@ . &£¥§%l§OF§%§¥ﬁ%chfh h%o pass
el'ectrical supply, which is cont sult
SUATSRE FRROYSR the BERdagarr 6t Schibutppidhs E@Fyneayeﬁ

£D)oz@ htséﬂ@sdby 1@4&%@8&@@ dd¥1eHgNc 1280 | €8s Bfing that the
heat.i n '@ﬁFOO|In cycl es, ensuring that the sanple

TERNGh 8 ctE 68 T 1L | 9 B8Nt iGAsnS ThiThigj ¥i11

al lowthhes sanel e7(7eoiba bebpadjeacteth trerar&L& ion.

reaction. Where a real-tine nonitoring systemis

included in the sanple (7), the progress of the PCR
Ezarebe neni-ttdmednehirtoughat fiestsealis (#)clugiedgin the sample

@ﬂ”VG‘c%'B rer;@t heds, . @%F %I?%é' onhaogele@ E’ﬂ%@@qt%tﬁ%al

achi eved presence 0 er ma ents W
V@s§@Pn€1§m§ﬁ@t%ﬁ%ﬁkﬂ@¢é0@ﬁe sanple (7) is

As a result, rapid PCR can be achieved. The presence of thermal
gradients within the vessel (1) and therefore the sample (7) is
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.

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 body (2) is similar to the embodiment illustrated in
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
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reduced by the nmeasures taken, including in particular
the presence of the alum niumcoating |ayer (5) which

w@eas/0sdse t hermal shunt. Thus reliable and PCT/GB2008/002631

reproduci ble results may be achieved. An alternative

design of sanple vessel is illustrated in Fig 6 . Many
of the features are the sane as illustrated in Figs 1
and 2 and use the sanme reference marks . The upper
body (2) is simlar to the enbodinent illustrated in

Fig 1 and will not be descri ny nor.e
P?ﬁél%ﬁ%aNTgﬁo%&Pqﬁ§eé|ba¥$ ﬁaﬁ%l %M)e&?8¥?%ﬁﬁlnénffﬁgtﬁ?f8)
w%@iﬁ%lﬁnéepabyfbﬁd)1apéﬁn¢ﬂdV1dﬁ$ibxm@@hp&ﬁnhmulawﬁmgpdlméso

vessel be. cent.r hIS enbodi nent, the
a@ﬁﬁs??V“%h e%eqfﬁﬁ? dulé"cia:g']?lrrlorr1aIumnlurn The
al um ni um capil l'ary tube (20) is anodi sed and coat ed

Tt b S\Qa%eﬁt H m%o@n@g std lhéale&eaorl%d@fe haChF i1aRl
at

I nsulation, whil aryl ene | ayer provides
a@mewatqamﬂﬁy (taha Yo yREFHHiS %Fi“l’n B @deFedy an
lhﬂ?yfﬁér@%) glt ;”'Et@lﬁt E@f‘@ﬁ%ﬁ:@ﬁt MI{HZE?J}N (64)id maldBseft ed

into the end o e. al um ni illary tu

RV ERFTSNEr 1T P RCE Y ROT s B BRI E i The Tioidity
tor ansipas ek wﬁmmhmmt@4be|xns@adedcﬂnq@ohyeamdnmiaaey and is
BLel oL ably NBKLOLONCLI - MNGh, 038 SULE! Bl eMUanbh OF dide

e I nser Phto 1 he ap
ta:adspa;retmlwspamems pooeiids eibptd @aJllﬁelim%ﬁrmﬁgwlélfckt h@hen

E%%npkghsp Q%nkré§ﬁﬂy%r§9tlﬂ“ﬂriegl'f% QEQYE£%KLdMa5Q1ﬁ%t a

| i con ring ch, when the transparent w ndow is
qquméﬁmcé edgs Bést'rltel SABHL AT HePen CWARLRY d 990GeSTHt: - This

d-—li‘@ng 3:9% |r¢a@%ylo*f L@%lcgﬂs&férﬁgugd@:@%t%ﬁﬁhe PBliypr&pyidie

IS nade OorT Sillcon over e to the o | e
WHRAEBw, Tifh & TR RS A e it R A GEUPRN THS bR ‘%p StaHCane
daptio1éhe ﬂuua:byaxaa .Brie Tbﬂslli.a&ﬂantaﬁhDSS|b§cause the area

aaf:d\égnt 8 oOlfI'[lSO e aeusceapg.bfarag

%be 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

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

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
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

15

20

at the bottomof the capillary tube adjacent the edge

of the ECP is the area of highest tenperature
w@emdioenas4 By filling this area with the transper/eB008/002631

wi ndow, the sanple is placed away fromthe end of the

alum nium capillary tube (20) and ECP (8), in an area

of |l ow tenperature gradient. Once the transparent

wi ndow is inserted into the capillary tube, the

capillary tube is overnouldeggwth ECP (8) . The end

of the wwndow is free of ECP, so that it remains

transparent. Fig 7 shows an alternative enbodi nent of
Ubher apiparat usl i ddnitattatEd airs Eilgré folhe s arphe yﬁ&&gk

[ 0 inserted into e_apparatus. The s e

w\%;éé%e uSs@l ﬁ%ﬁlnsscn t%%shll on® ec?lﬁr(%g St TdPRg° ﬁg%‘r‘?t
V(‘—S@e}l( d’nllngneelM\MWal C'ﬁh@set iU Bins o e teowi btxe romel of

§H§%d&9gtﬁgﬂﬂfslng\”ﬂTngné?g¥ ﬂ&li£wgfn%hectrlca
con uctivit hi's enbo € nounts are nm
COT LT lbaw 9. thFﬁ@ahﬁ‘l?ﬁ’tssd‘e%)thrtéeFétJa?'“héfél}lmea

bottom contact retainer (34) which is in turn sprung
10 ? d onto a bo tom pl ate_38. Upper el ectrical
enf 159 33°%% & ARG APor TRt 4PRsHIY e heRarature of
the UstP agabngt 4 herupper sehectIé)cahichnnectd eneod dheiew

| ower ec al con t is incorporated
Ve 5 T R e e hotned e 58575 TR faredne
ihboefensinget fr%lotbentmt§ haviehd ewpthetuml mass due to
their low volune. Fig 7 also shows a thernopile (32)
for_sensing the tenperature of the ECP through a
Fyerticarc sheys (aseyngm/cq#omgr al¥3)eld ©fe wippar section of

tﬁ@n&égéuedz-xigb Wewnt e EGE Layelreaf sthes V(9%§e|(2é!y' tRich
nimal interference fromother parts of

h%‘ﬁ%ﬁeaefhgle?—?egd PYaFRd SHoRE/ %tctﬁ?leffer?]%? 6;5’6@?1?( §29) g moved
tbhlelemq@erthsamparnaﬁﬁ tdwervessyl . (24) sm@howalggglr;gv\@

HE B, Sy 380 d 301 0 e o p i ped
When lowered the cutter/stopper seals the sample vessel. Such a
combined cutter and stopper is disclosed in W02005/ 019836. The
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.
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to pierce the upper and | ower seals (24) , (26) ,
rel easing a reagent or solvent stored between them

WO p109/019384 sanpl e vessel . Wien | owered the PCT/GB2008/002631

cutter/stopper seals the sanple vessel. Such a
conmbi ned cutter and stopper is disclosed in WO2005/
019836 . The use of the netal capillary tube has the
advantage that it forns a good seal with the stopper,
as opposed to the stopper bei2geg in contact with ECP
with which it is difficult to get a good seal.Cains 1
A reaction vessel for conducting a chem cal or
Blajetsemi cal reaction, wherein said reaction vessel
conprises a capillary vessel or a flattened capillary
vessel and at |east one wall of said vessel conprises
B hi gH} yeeREH Pralvey sebnfRic toRgu ¢ Hysr aapbersirrailnperbiochemical

PEoTBhAl Wireli Ay S d ZeacidLARLEODN Y5338k ACL YRG0
clalqll wherein the highly thermally conducti ng ﬁayer
Y52 InBE of 1518 eyt coptillary gseprbrinfbsdel catic oRgi Wyll of

sl Clvabsell dempelsésma? highd§ kHchRa 5By dbRaeckald 16QER A1 an

at.Jleast_ f the long walls. 4 . A reaction vessel
aé?gfgﬁédgggdgﬁ%jrﬁ%?rWherein the base of the capillary

vessel or flattened capillary vessel is of a
dran ; I : tion.vessel accord

e B o nes s Al e T A DRI RE Py
IS paY ARNCHEEER] dlavandie e meapiliarypyeessel or
flattened capillary vessel. 6 . A reaction vesse
$ccording to any one of the preceding clains wherein

he EhtTFESEIHESRART aFCorAeny dsselagBnbarsedasm 2, with the
swidabhe ovdlay gbranty an Lened openoredd hbgglwyak., 7 . A
reaction vessel according to any one of the preceding
clains wherein the thermally conducting | ayer is a
4ret ald ireatbimy vessel according to claim 3 wherein the base of

the capillary vessel or flattened capillary vessel is of a

transparent material

5. A reaction vessel according to claim 4 wherein a seal is
provided between the transparent material and the capillary

vessel or flattened capillary vessel.

6. A reaction vessel according to any one of the preceding
claims wherein the entire side wall of the vessel comprises a

metallic layer and an inner non-metallic layer.

7. A reaction vessel according to any one of the preceding
claims wherein the thermally conducting layer is a metallic layer

which comprises aluminium.

8. 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.



10

15

20

25

30

whi ch conprises alumnium 8. A reaction vessel
according to any one of the preceding clains wherein

W b@fomss non-netallic |ayer is a polynmeric ne@EGB2008/002631

gl ass, a passivated netal or a conbination of these.9
A reaction vessel according to claim8 wherein the
pol yneric | ayer conprises parylene or a derivative
thereof. 10. A reaction vessel according to any one of
claims 1 to 9 which is adaptgg for use in a bl ock
heater. 11. A reaction vessel according to any one of
the preceding clains which further conprises a heating
Byst émredtionA vegaet i mrrordssel taactatdi Engvhte@em]h atHe bdlymeric
MHRLCL a1 eALLACLRY SE AN 190 LI qQLaL heal | ng
syste A Feaction vessel accordlng % claim 12
mhereln the integral heating system conprises a

er'S.Sl st irueche ivRgssl ed’@:%trdﬂ{\ﬁ'@ a'n? S d %@g@?aﬂﬁg S.L' QS 9
e .nmetallic layer, but which is electrical

‘T%HI LT AFP6h T e Utet AP 17 Ologfereates. A r eact i on
vessel accordlng to claim 13 wherein the resistive
q§at|nge nent_co rlses electrlcall conductln

ol y -OTA VPRRRT i T OV 8ERT| T fBEr 4t g tﬁhﬁl%%e%ng
Qﬁalmsawhmqb4fuhaQﬁ womQSLSns wehbhgatingyetenent is
insulated fromthe netallic |ayer by neans of an

i nsul ating |ayer therebetween. 16. A reaction vesse
HccoPdFRECHP e IVaF A Bamkherénn tohelpirs llavhagelmyde heating

g@shameisqmlaﬁgg¢§gdh@ggp&§|§@16§[ IS a_polyner Iayer
17. A reaction vessel according to claim 16 wherein

the insulating |layer is a polyner |ayer.18. A reaction

Messal raccoiddi RYstOl Horbitildy WICERS fin tl@wﬁ@fé/mﬁ:htea“(ﬁlfegral
f

H@%@Er'%%%t%%r éﬁ%?isgé g’§g§!s¥?£é\ﬁzgfgggeéiement, which is

arranged outside the metallic layer, but which is electrically

insulated from the metallic layer.

14. A reaction vessel according to claim 13 wherein the

resistive heating element comprises electrically conducting

polymer.

15. A reaction vessel according to claim 13 or claim 14 wherein
resistive heating element is insulated from the metallic layer by

means of an insulating layer therebetween.
16. A reaction vessel according to claim 15 wherein the
insulating layer is a layer of anodised aluminium, or is a

polymer layer.

17. A reaction vessel according to claim 16 wherein the

' insulating layer is a polymer layer.
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19. A reaction vessel according to claim 14 which

further conprises a barbed electrical contact which
wW@r@poesss he surface of the electrically condue€i/6§2008/002631

pol ymer and is connectable a control system which

allows control |l able heating of the electrically

conducting polyner. 20. A reaction vessel according to

claim 14 wherein the radial thickness of the

electrically conducti ng polyﬁbr vari es along the

]%essi rea :Ec’orl:o red c:aecctolz? tog §glr§q§whhgéj%lt%ggpolmer

I reactron sys en1conpr ing a reaction vess

lxyeaor domyy itsesapyrdreecobr thalepiveeidingheked s, and

apparatus which is able to accommpdate said reaction

vessel, and which conprises a heating st em adapt ed

¥%o cénteaFtint yeReat aav@resey t§alcéla%53§>e/wh1212 fygther

dRRCLEOY 5 ¥al-88y anieRidl 84 tRnehat MaknWhesaidy the surface
thernall%:conductln | ayer of _the wall ,of the reﬁftlon

fedbel ST IRALLY 19°0PETEIY ARAYTRE HSal P ngPaVsta
camtiranjuwsm heath g 1syst@mtrabl b1 hiept Etiq@ctt wheh t he

q? % yer .of the L action vessel so as to heat it
eCtr COI1 (Shay

in uc |on ﬂgd”ﬂlrg et o system according to claim
21 wherein the heating system supplies heated fluid

OSUCI}A %a@?ﬂf' n SEQ? é’c?c%%@h.n&rtot I&@aﬁﬁ'n Ci@'wth)éréﬂ?rﬁ%f radial

"so as to e heating, and is optionally also able
’ﬁtfb'tcéfaﬁﬁﬁ yoﬁw("}ﬁeh@h?@dflﬁﬁiﬂ}d HWPREIREPSSVTRF Harées along the

WGiei by dNebeobausO tasrhdl frhacintdheRgalat:. A
reacti on system according to claim21 wherein the

reaction vessel is a vessel according to any one of
xll.ai ms rkdctOod Sysand sdigiresing ke reeatidg v&ysséiamdc&rding to

connect ed o the electrically conducting_p 52
ané’aé’ Fon s%/hset 3rlﬁe%%corgdf: alr%sd C g?ﬁpf’fa er@u}/nrf{;a H1deo
&qnwmmadwsecﬂmxprrs&&tuwnsmé$$bhioandn%hxgm abmﬁwrs§$gedh¢4ting

§y§€%ﬁtadapted to controllably heat and cool said vessel.

22. A reaction system according to claim 21 wherein the
thermally conducting layer of the wall of the reaction 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.

23. A reaction system according to claim 21 wherein the heating
system supplies heated fluid (such as air) to the vessel or the
vicinity therecf, 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.

24, A reaction system according to claim 21 wherein the reaction
vessel is a vessel according to any one of claims 13 to 19, and
wherein the heating system is connected to the electrically

conducting polymer.
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contact with at | east one electrical connector of the
resistive heating elenent. 26. A reaction system

waewondisng to claim25 wherein the foam nat eri BET/GB2@8/002631

honeyconb or reticulated foam 27. A reaction system
according to claim25 or claim26 wherein the foam
material fornms a pillared or corrugated nount for the
el ectrical connector. 28. A reaction system according
to any of clains 21 to 27 whe2ein the apparatus is
able to accommodate multiple reaction vessels . 29. A
nmet hod for carrying out a chem cal or biochem ca
a%eactd aravhiah syefen resoatiitedst cdnémSatinage st épe

a?pZ)aQaggg hc?oql ‘EQQQ£| Slsgglgl %ﬁ”&a@@?ﬂf lerﬂ%éH %h&m&?c'

agents into a reaction vessel accor 0 any one
esintekhi whth atolead;, ose glercetafepﬁéncw@ro@f ath@ea%ﬂ%ﬁve
sl e ecapnding to any one of claims 21 to 27, and
heati ng said reagents so as to bring about said
chem cal or biochem cal reaction. 30. A nethod
mCOYZdiﬂégctDorﬂs@risbeZQadeﬁHEh@ e 1B@Acts Gheteipittes foam

th d t I 30
THIGGEn (he PERRTOR PE B DOIYREFaseBhai n react| on

32 . Areaction vessel heatlng systen1 whi ch conpri ses

ﬁeeCtZ{ Ir%%' l:zYor?%n H&&'J&&Qhé{ﬁo @nﬂ@%rt Q1261 RSwherein

atln enment or a reaction vesse one Or nore
P ﬁeamem@‘@trrlnaé afvomt acpsllagisideot oC%rélrgéée@ Heovglr feedhe

Ofedthecel 8cddnbedby conducting pol yner.

28. A reaction system according to any of claims 21 to 27
wherein the apparatus is able to accommodate multiple reaction

vessels.

29. A method for carrying out a chemical 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 120, or a reaction vessel of
a reaction system according to any one of claims 21 to 27, and
heating said reagents so as to bring about said chemical or

biochemical reaction.

30. A method according to claim 29 wherein the reaction requires

thermal cycling.

31. A method according to claim 30 wherein the reaction is a

polymerase chain reaction.

32. A reaction vessel heating system, which comprises
electrically conducting polymer, arranged to act as a heating

element for a reaction vessel, and one or more barbed electrical
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contacts, able to pierce the surface of the electrical conducting

polymer.



