"THERMOCYCLER AND SAMPLE PORT" FI ELD OF THE | NVENTI ON The present
invention relates to thernocyclers and in particular to thernocyclers for
t he automated and continuous cycling of fluid between a plurality of

t enper at ure 5zones. The invention has been devel oped primarily for
use as a theonmeyessr for nucleic acid anplification arptmﬁzbomoﬁgscrl bed
hereinafter with reference to this application. However, it wl

appreciated that the invention is not limted to this partlcular fleld of
use. 10The present invention also relates to a continuous flow system and
in particular to a sanple port for introducing a volunme of a liquid sanple

into a continuous flow syst reciated that the
invention is not limted to tH artlcurﬁ)%$ Fg% Iqﬁse " BACKGROUND OF
THE | NVENTI ON 15Any di scussi orFIBLDtWeTHEuIbWENIﬂONhr oughout the
specification sh n :n [ a th 8 such
prior art is w dm%/‘gﬁsem m‘%n%%{oe?aﬁ%sctgr?ﬁéf 88 }%& hsag‘d 0l ﬁ*ﬁéﬂla@ﬁ%?ﬂé} PR w edge in
the field. forthe autdBysddems cmmtumhusrce'qhng af fh:udl bétptan eqﬂunaWIOIf engleeative al
reaction IFroduce a desired product often require careful tenperature
control, ana0 éprodu0|ble and accurate control 20over the tine the reaction
is held at tenpeTi mmloﬁhasl*beaeamelapa&pmmﬁﬂllwﬁ usé a9 a thxargel der ualdddic aci d

anplification reactians suc as, t nmerase. chain re t|o CR) and the
T Ease chai RORETERNAIoR papy Tt b deschbpRRert B b SO Prgb PSR ¢ | pl e
cycl es that Hoestd:! $ wilhbd ipregREeARRAt ige iatekioh isat lifNedb tge pmmﬂm field of

pol ynucl eoti de sequences each tinme a cycle is conpleted. The 25 techni que
of PCRis wEfY known and is described in many books, including, PC]?: A
Practicah Approaghe Mesedt inMnos bSO Folated todl continubs f&\@%@teﬁﬂﬁﬁlﬁ pa&) Gitar
Protocol s: A Guide to Methods _and Applications ¥ Innis, et al., Academc
Press (19900 2 gmplont frerkadiconie voupnaef phaud smploiniol a watinens fowr  DNA

Anplificati opudd AowElel ik b%raﬁﬁjé&%dla{a?ﬁﬁ il L8N is ng%q:ﬁldeﬁ t@hgQ described in

many US patents, including , 195; 304, 683, 202; 4, 800, 159; 4, 965, 188;
4, 889, 818; Bam@alzfi%«?ofsp@?g 352 5 104, 792; 5, 023 171; 5,091, 310; and

5, 066, 584. The PCR tg¢ Q?@$ﬁ' f¢| s the step of
denaturing a pol ynucl eoti de, t he step annealing at |east a

pair of 1pri mer oAngdisaskientf Hepriowart ﬂhgaucrhout the specification should in no way be
considered as an admission that such prior art is widely known or forms part of the
common general knowledge in the field.
Systems which require multiple or cyclic chemical reactions to produce a desired
product often require careful temperature control, and reproducible and accurate control
20 over the time the reaction is held at temperature. Such reactions include, for example,
nucleic acid amplification reactions such as the polymerase chain reaction (PCR) and the
ligase chain reaction (LCR).
PCR is a technique involving multiple cycles that results in the geometric
amplification of certain polynucleotide sequences each time a cycle is completed. The
25  technique of PCR is well known and is described in many books, including, PCR: 4
Practical Approach M. J. McPherson, ef al., IRL Press (1991), PCR Protocols: A Guide
to Methods and Applications by Innis, et al., Academic Press (1990), and PCR
Technology: Principals and Applications for DNA Amplification H. A. Erlich, Stockton
Press (1989). PCR is also described in many US patents, including US 4,683,195;
30  4,683,202; 4,800,159; 4,965,188; 4,889,818; 5,075,216, 5,079,352; 5,104,792,
5,023,171; 5,091,310; and 5,066,584.
The PCR technique typically involves the step of denaturing a polynucleotide,

followed by the step of annealing at least a pair of primer oligonucleotides to the



WO 2007/ 087690PCT/ AU2007/ 000108 denat ured pol ynucl eotide, i.e., hybridizing
the primer to the denatured polynucleotide tenplate. After the annealing
step, an enzynme with pol ynerase activity catal yzes synthesis of a new

pol ynucl eoti de strand that incorporates the prinmer oligonucleotide and uses
the ori gi nwio 20@matess ed pol ynucl eotide as a synthesis tROFAURIG/O0IPE s seri es
of 5steps (denaturation, priner annealing, and prinmer extension)
constitutes a PCR cycl e, As cyclegs are repeated, the anount of newy
synt hesi zed pol ynucl eoti de i ncreases géonetrically because the newy

synt hesi zed pol ynucl eotides froman earlier cycle can serve as tenplates
for synthesis | LiSURIGAHKIE, i&Y bl BEdizifl theprimet {ogbnderhmodipdysudsadide ypi cal | y
selected inpairs that can anneal to o os%te str_ang%vgé\%&al%egen doubl e- 10
stranded poleynplatd. a6t de annsalingritsd> YbeVRAF WREPOPTETBh ATt een ciege'{itm

anneal ing sites LA ide strandBAGhedrpdrhesthe bribdtoligppickealifly t akes

pl ace at ar%ﬁ‘ﬁlg%gf?%gélgggﬁtﬁcgzﬁnimn a prir?réér to E)he ge EE&@Q%PNA i's
typical |y paidsesieoagingrdesaterediplymickotids asgpmihpis SPRR eojfl%ext endi ng the
anneal ed_pri ner ith.a paly i biCeten¥iomabhaituresth RAR eyobind 70 15
to 75 C.5Th§tF}éqf@?r\g,tm%lﬂpf ﬁgn%gﬁégﬁﬁ%}g?%&?ﬁbe@enpe% re of. the reaction

m xture nmust be xatydhd arcmpbatedrthe Bnowni gl %@Vﬁﬁylﬁlﬁﬂzﬁﬁgp‘g}”ﬁ‘eﬁl *vcl e PCR
experiment. A nunber of. r : ISp 19huRINAd& TN 41 eagiidron and
sequenci ng &Péeaé‘?ssg&‘?lfi"stﬁ&gl&??eg%%e%glx%lrd?g?rtlﬂ#ﬁ&gﬁ%gh one or _mor eltenﬁger ature
control | ed glgaemiservems feblptodsstr dyothesit insubssaient oisler Ry RHFei n t he
tenperature of the block is varied 2 rotlae . oM drblesuf fer the
dr awback t hate he3lyselscied Bwaflﬁ{“é‘g% 1iagr§e%¥§e0p&’g%§ts?%{r?§§fi ures and ,

t enper at g e GOankA Bhiyhidogassehiane saibaf the tegicavefernibe tYoaBFEIESHE Fhe need
to cyclically raise and |ower the tenperature of the heating bl ocks, others
have devi sedm@pifed-atus known in the art as a thernocycler. In this

apparatus, multi pje.t ennesENUAeyHQINY ikt fdodit ankiad 3 © &t anaealieff er ent

desired tenperatures and a robotic armis utjlized t ye ion
m xt ures fr s acte tenabiratRNATyypically peilorm &pEquad aé%ébeﬁ arédrtéggtl%scl osed

in US 5,443, 791; 2,696,493 an 5@y o HWBY B bicaldspatfolrhedas amppd @i at ed,
t hese syst erff §§p IBﬁ’Dt’FraBlFﬁalteﬁgﬁlrn%@\;\Qﬁﬁ]sae 4}3? 1draV\g,ga)lcks. Far exa y

l e, the
have a rgf atd,veby. |Tiidias, dutingugipuysle tedympraiuistpf Siedgiongn PEMY sk one” t o

break down, expensive and require constant. r MR e R RLenance.
30Di ffi cul tikesvasiadeohvaiddmany fet fule aa@@%la?geﬁ%%%\elgﬁdevi ces were in part

addressed by the j QyGHio® e cdyores usal fISDBAXAplifig@ion|and sesyTEe, 4% hat

It E\t/)g nf,\,i‘] |02 hmv\;sgggg;;ég éé(?lt a;[gtqg whic sl r%o}ertear}{gelreltthxg%oﬁtmlfgﬁl Glnene @NT i NUOUS

"blocks" hold the reaction mixture, and wherein the temperature of the block is varied
These devices suffer the drawback that they are slow in cycling the reaction

ure control is less than ideal. Inan effort to overcome the need to

20  over time.
mixtures and temperat
cyclically raise and lower the temperature of the heating blocks, others have devised
apparatus known in the art as a thermocycler. In this apparatus, multiple temperature
controlled blocks are kept at different desired temperatures and a robotic arm is utilized

75 to move reaction mixtures from block to block. Typical thermocycler systems are
disclosed in US 5,443,791; 5,656,493 and 6,656,724, However, as will be appreciated,
these systems suffer from their own set of drawbacks. For example, they have a

relatively limited throughput, they are physically large, prone to break down, expensive

and require constant routine maintenance.
30 Difficulties encountered with these aforementioned devices were in part
addressed by the invention disclosed in US 5,270,183. In essence, that invention was

directed to the reactants travelling through a continuous tube which was subjected to



WO 2007/ 087690PCT/ AU2007/ 000108 - 3 - varying tenperatures by coiling the
tube around substantially drum shaped bodi es held at varying tenperatures.
In order to prevent cross contam nation between sanples, the reaction

m xture was injected into a streamof carrier fluid which separated

i ndi vi dual w@%%@ghom xtures and passed through two or pghfR80038RA6AE €
e c

heati ng zones. arrier 5 fluid and reaction m xture are I nm scible such
that each sanple is cleanly separated fromthe preceding and foll ow ng
sanpl e by segnents of carrier fluid. Thids arrangenment allows sequenti al
processi ng of a nunber of sanples. However, this device has drawbacks, for

exanpl e since the heatjing.zones are spatially.s rated.it .S,
conveni ent t‘@lydl%tﬁf?@?rabjé%lby £ g%ﬁ?‘f%ﬁ?‘ﬁg 58¥St?lﬁ§ﬁ%%ﬁlglssga}%)efl bgdlrgée)féeé%i on. In
addi tion, 1Qthkavinggerhgaitieg honds togpanatiess donamieaioh betear sapiples) thal | y

tends to be cunbersone. .. n_advance_.over the inventi di.scl gsed in US
5,270, 183 | SOHERR P Yas Iigsierairtrenea™ of CWF%‘“@W@}G%Q?Pé“ag%dﬂﬁl‘%‘rcﬁ‘ﬁged body

i s | ongitudi@atby nkivied e pRsdat@videvwator igasiephinae BagEedhs. Wt cdiviar e abl e
to be heated to djfferent tenperatures stch t a}t th ,bodé may have
peripheral stHg ardgaciion gnixigs e rmpiseipls sugh fhacachmampfrds pleaply sahpietedy qvel 15

through the £QRtHPQULEink YREIBOWIH Bardple ¥ dedntitIdyirfeNBuil CTEE afthife AR
subjected to alternating tenperatures. wever, the problemw th such a

t her mocycl erallows segental Plogesging of & bpder 6F seriesn Hovetie's s 4t Y25 api d r eadout
of data using,fhiRkd FeREmbledfikt i hEaMk Gnes W GhidGABSn4Beit ReIk Phery of the

drum Wth respect to continuous flow systens and apparatus generally,

i ncl udi ng 20conieniand tyesinducs redbtme mpaiositeriahe edyesp of p ecachqn dapddjtisher at ed
under pogd tiye. pr r U=Tel1TS 00 PR AY t PocCRlbk&smd | Ui d

t hr ough gd colﬁat%lln%&lg%@étzﬁg%% g%%%ﬁ#lﬁ&gfg agmgggséa?:{ i on tu ee. 'nTylpdlslgal ly, these
punps are hi gh orAwvatvgndsioybr the ewsnfioa dipgleped inABCD2 U, Hgliydeseiifedén Bf@ or art
conti nuous f raf. equi i8] A I gh- 4 i.nj-8ctd on ports
For del i veri e RER S REAL el SRERL R REf i aitally BEEMER WBUAELS PO D8
punped under lelst giv pgessty méidhtaroabihtotbededtab®. difftrestdethpagitules axh tiraethenj ect i on
ports suffer%&yvari et

of . dr awbacks wever . the i d ck.js their
propensity f ér}agéugv%gwpg%aﬂ%ﬁ%%eﬁ 068 eélﬁt%?gﬁ%pléessrr?lfgﬁe lgé&%lhgsftl%fgnpl e
cont am ngs i offrcakh gRrphmodutube tpiled athundthelbadygthe yeadtaatstace suhjectséft um needl e
arrangenment for injecting the sanple, or. between sanples as.they travel
down t he t ubflifEatiBeFHRETEYEs g{o&eivn% &?Q}P&}%W\gﬁﬁ%@&‘%fmﬂfg‘?&/ 8ty%8nti nuous
f1 ow syst ensgificngleibig atshFIcin0e wplekadbayb it BimgdRshidbestihederise, as wel |

a anpl e handl j ng and del.i ver ans. WD 2007/ 087690PCT/ AU2007/ 000108 - 4
S sanp whiolll sc%ns the pegpﬂe}/y o%herrgrmn§

With respect to continuous flow systems and apparatus generally, including

20 thermocyclers described above, they are typically operated under positive pressure and
require pumps for pumping a carrier fluid through a continuous tube/conduit such as a
reaction tube. Typically, these pumps are high or very high pressure pumps.
Accordingly, these prior art continuous flow apparatus require specialised high-pressure
injection ports for delivering a liquid sample into the stream of carrier fluid being

25  pumped under high pressure through the tube. These high-pressure injecﬁon ports suffer
a variety of drawbacks. However, the major drawback is their propensity for cross
contamination between samples such as for example contamination of samples during
loading, largely due to the septum-needle arrangement for injecting the sample, or
between samples as they travel down the tubing.

30 Thus there still remains a need for improved continuous flow systems, including

thermocycler devices as described herein, as well as sample handling and delivery

means .



It is an object of the present invention to overcone or aneliorate at |east
one of the disadvantages of the abovenentioned prior art, or to provide a
useful alternative. SUMVARY OF THE | NVENTI ON Certain preferred enbodi nents
of the present invention provide a thernocycler 5which is able to vary in a
cyclical oywogxewsasel ve manner the tenperature of a fleigauomodwde, or is
able to maintain the fluid at a constant tenperature, with inproved control
over the tenperature at which the fluid is maintained conpared to prior art
devi ces, and provide inproved nmeans for*monitoring reactions taking place
in the tube. O her enbodi nents of the invention provide a sanple port for
use with conti nu]g%'ssanfo \éfc;f%lesyégeﬁp%ven%% d GRIREYr LiOSRatk B WAL &l s¥anpl es
are drawn through™a colunm or” a tube rather than punped through under
pressure. the disadooge afghd abogerhéntionedgsiveat, or keprpyide  piefil glierpativén provi des
a thernocycler conprising a @l } t exchangers for

i ndependently mai ntaining a %M’%%??ﬁ%ﬁmgggmre thereby to define a
correspondi ng pl Q& pryfeatd t@bpimatts peihd freemesyerg@nrovideta thxoloarvdisr s

adapted to receive a reaction tupe such that sai.d 1. .S i n heat
transfer SCOMF%%‘? By 1 ngfcﬁp FPIeer R n ARGy & %g@%@% %gaﬂﬁﬁ 1g%passi ng
through a r gagtdgdaticdeenengagesii biv cabthiheateramehaityensopdsssmicycl i cal |y
t hrough the tenperature zones. According to rel ated aspe t he esent

i nvention prR8¥it lnﬁel'ﬁqq%ﬂé‘g‘}‘@lt@? ﬁ‘?é 15 W%P@H‘F%@Olﬁp%eéﬁf PG %ﬁiﬁ%&s’ﬁﬁ%er and
outer heat exRARNBBITed MB/ITHMERGANRALIBX RRMEGEIce imibe udesOterpl ural ity of
tunnels and’'is adapted to nmaintain_a pre&ieter 1 ned tle er at uhe thereby to

define a pl wrkpdimpntspf the fysrin TV ISohREPIeRA 19T P a0t ORI RN gaged with

the tunngls sgﬁémst, %ﬁﬁﬁéﬂﬁﬂ@&eﬁ tyhhtsBnpiBeart eRRAMRLUSIEa ZONES or 4B €by t he
reaction tube 1s terndatingly threaded t hrough successive tunnels of each

heat exchangsherdipntpurined theoughynder #s881hg t hrough the reaction tube
cyclically passeq L Aruefl fRfad %&?&s&t@m@ﬂﬁ@ﬁprovig&es athdiRci@at exchangers

are preferably arranged concentri cal al though thjis type of arrangenent is
not criti calcotpritihga plosiigrofoesitdiheet pohaigersyorgndappedepe pRBtaings |

Preferably the tunnels r ‘ | he, X dl pilsiits 8PeRBtLiuse heat
exchangers. H‘endegaenﬁlrméci%}ntp glgtug%gl&hﬁ%n%eﬁ?ie&%l%)ré]%og]l SCare (l)gen_ oP] la.tu | east one
face to IBr oviote; smidhenf ackuersglapeddo farivhe racihep tbresuch thet sarhreadiign
substantially an, the surface of .the h . . I hyal y. the
tunnel s are tébedéf“t}ieatl tﬁ?s%h%qngg‘élacaéﬁ? gtgtéalg?gag\%g&?{ﬂ%e ?%&ggﬁﬁgﬁng t he
reaction tuhesdig heugisnspetiomakisdngided méthrsaid hode2C0TEDBFBH0 PCTIcAllIZ007/ 000108
- 5 - The Oilt er h_e%%mexchanger may have a ring structure having a
transverse dPOYE CeEMPSHRYAPER®i s substantially circular, but this type of
arrangement is agatétdigto &fdldtéCabed thetphaerd @siegtiorosrofidesct thamatydey of the

ther m)cy2(:0| eriilcllcﬂr?g ;Sar%f} cgf nrégtg il}%)e(l'(:abl %gteé‘lr' heg?gxcggngers, wherein each heat exchanger
includes a plurality of tunnels and is adapted to maintain a predetermined temperature
thereby to define a plurality of temperature zones; and a reaction tube engaged with the
tunnels for thermal contact with the temperature zones, whereby the reaction tube is
alternatingly threaded through successive tunnels of each heat exchanger such that a
25  fluid passing through the reaction tube cyclically passes through the temperature zones.
The heat exchangers are preferably arranged concentrically although this type of
arrangement is not critical to the design or functionality of the thermocycler.
Preferably the tunnels run parallel to the axis of the concentric heat exchangers.
In a preferred embodiment the tunnels are open on at least one face to provide a surface
30  groove for holding the reaction tube substantially on the surface of the heat exchanger.

Alternatively, the tunnels are a partially enclosed surface groove thereby allowing the

reaction tube to be “snap-locked” therein.



either tubular or a solid rod or block. Optionally the heat exchangers are
toroidal. 5The inner of the heat exchanger rings may include at |east one
slot for optically nmonitoring the reaction tube. I n one enbodi nent,
the end surfaces of the inner heat exchanger lie substantially flush with
t he corresp@svngepd surfaces of the outer heat exchapgenu2ddov@ysr, in

ot her enbodi nents one or both end surfaces of the inner heat exchanger may
be axially 10 spaced fromthe corresponq;ng end surface of the outer heat
exchanger . The predeterm ned tenperature of each heat exchanger may
- be maintained using a variety of heating and/or cooling neans. Preferably

t he heating and/ mhe@)m@f hdagetRaST majahm(haﬁi% strh@iie havis h GhiaveRe w'oﬁse and a
Pel ti er device, l ei.c.acid a flcatlonthe 1%redetermn

Faor C
t enper at ur esSeHRRR Vﬂé”% ‘ﬂista%albf CIQB@ht%BE IsEyPegY apggmentds ggaly pot cuficalj | | pe
under st ood qB RS of RdktioRANty bR HERh@otRIPETRS M8 hehMHB:838d1 16 sel ected
and mai ntained for any particular section of the heat exchangers. The heat

exchangers aF@eipslecapisglidrerd st bioplaOptonalle B deat srchrpspseratupidal Hovever

the heat sxchangefg iiRYoMfe ﬁé!@@ic‘ﬁgnéepl iR 1H§}ain'3]u@9 aﬁ&s%ﬂé’sld&%lydpﬂgally
tenperature profile, which for exanple fray "be from about C to about 95

C. However Itlowollpgﬁél%ﬂﬁmfe@bat ed that any varying 20terrperature profile
may be chosen acgppel 4G dufnddiGh @xfgtéuﬁ&ée% Rl (Cha G@lﬁeB@)FtEﬁ %‘ﬁbar

enbodi nent of the invention €ac eat exc anger prefe y 1nc es an
array of nutfleshwithshgpwssepondiag endsifantseofdie quambent eXWﬂMl Bowewam, inhei r

respective enhianERy S hOLIR LRSI ARAAILLICLATLLY L agaToel

radially exten 03| i oning e suc © sits
subst antifal Isg,paCEddlfB)hn ﬂwbbueiﬁteah:tg @ddulsfwefoﬁthe (mfel hemhmhagm exchanger. The
formati ons are di dont eof the

redetermin ) fu gfee &l'gpe c bg 1 tgr neat
exchanger and on é’ Gy Trenﬁﬁg AT Vel Xt P@ HR&Y %83’111 ASfGer .
Preferably tdeuietyrofébaging Ianda’aﬁdibohﬁ@.tneﬁmc [reaigalbly dechetitigi antiloy ceilini theaphsant and

di sposed in a spaced arra of nneLs or rooves be

provi ded i n/Bh“SGLATH A€ an@?( ﬁﬁ‘ﬁ ?%elﬂﬁ’vgt@v CAF Hac}ﬁﬁ?ﬁg&%ﬁtfont unnel s
or grooves ltﬁepeamaﬁﬂmhaﬁlbelatﬁleamy%éab&n%ecadbbwaohe: siEpaer 7209C. tiunnel s i s
40 to 50, feraply the reaction tube IS substantlallel?é t ransparent

and f or ned f‘?"é‘rﬂeé‘ﬁg T3aQ Of%/CQEH’SF thehanyfapes 9t gmpeiptesnperpdly sglectsdadel or
simlar mat ephiglaineffRfhEY phtivulhBedontobiRaeat MEHABQJ/ DRARINREH4RLRQL7/ 000108

"6 preferably maintained at a constant temperature. However, the heat exchangers may be
adapted to maintain an axially varying temperature profile, which for example may be
from about 55 °C to about 95 °C. However it will be appreciated that any varying

20  temperature profile may be chosen according to the particular application.

In a particular embodiment of the invention each heat exchanger preferably
includes an array of mutually opposed reaction tube alignment formations on their
respective end surfaces. The formations may be longitudinally recessed radially
extending slots for positioning the tube such that the tube sits substantially flush with

25  each end surface of each heat exchanger. The formations are disposed on the inner
peripheral edge of the outer heat exchanger and on the outer peripheral edge of the inner
heat exchanger.

Preferably the tunnels in each heat exchanger are radially equidistant and
disposed in a spaced array. Any number of tunnels or grooves may be provided in/on

30  each heat exchanger, however a typical number of tunnels or grooves is between about
15 and 75. Preferably the number of tunnels is 40 to 50.
Preferably the reaction tube is substantially transparent and formed from an inert

resilient material such as Teflon or Tefzel or similar material. Preferably the internal



surface of the tube is hydrophobic. The tubing should be selected for close
fitting relationship with the tunnels for inproved thermal/heat-transfer
comuni cation thereby to conduct heat fromthe heat exchangers to the fluid
bei ng punped through the reaction tube. The reaction tube arrangenment wth
respect towdoimsado exchangers i s such that a 5conti nuptisA€1001900108
configuration can be achieved. Preferably the reaction tube is renovable
and repl aceabl e. I n anot her enbodigjrent of the present invention the
outer and inner heat exchangers may be sub-divided into a plurality of

di screte axially spaced heat exchangers, each heat exchanger bei ng adapted
t o mai nt ai n srhengehatibe s hyfoplobid. g Aihe iidpeshtié bs sstetedrfodiléseditidpt from t he
adj acent heat, exchanger i thi s enmbodi t .the_invention.can be

pr ogr anmed t‘SIag%’%S gr‘%ﬁbthg %@ﬁ%}g? é‘flglﬁvg)t%ﬁmgaﬁ/ E%at*ﬁléﬁsé?i‘:@ﬁg‘%%W@ﬂ?g@. dence
tine at eachotkemperishufian dartieaitxalemngerd konfie AaididBRg puRPET thivhgh ald regotipRanger s
at that given t erat.ure., Contiguous bl ocks of heat exchangers may be used
to maintain 4%o t’%"’f‘?%lo? %@?ﬂ}gﬁgﬁmf"ﬂw IEFpeghip g’ﬁ&l@ﬁ xRS FudhlHA e, two
of the faur deasiuchb flewehaigesvsncanbdRnFrid BB yake @RAMh (3G t 0 provide a
| onger extension reacti 9 an denaturation or annealing. Optionally the

arrangement GPOFbHAAEPL

nt
CGe\t?q‘?errperature heat exchangers can be rearranged

so that fluorescanbndiRaSHbHENRRA: T fradks: iRl AE6n Ak otef fNAQL npRi Nts of the
thermal cycle. Further still, the heat exchangers ma di vi ded any nunber

be
of tinmes to §FFlARRes meppe sihdizided inte & piyealis ﬁr@cmﬁlg’ﬁm@bwi t will be 20
appr eci at ed d@Rdnoés! APPRAALASEONES: 4 LGhGRt St
reactions. : ngSle theranohcyciber maty dﬁ?@%a{dﬁ%{lﬁg@ t%ﬁgel_%{?én%rgﬁﬁﬁgﬁher heat
exchangelds sherthowans aidifferrnt Gomdhe sharentdieatrantogerf Shsingtioy prdbodgménirthcher
tenperature ; f bi e i,nel l.nl et port for
i ntroducing ; \?él};ﬁgg Célﬁ{]l% éﬁwg%%ﬁegﬁgﬁﬁggg h%\%&aOIélerH?eP \l?gar%?/io%g’\v/ﬂkhc% for
mai nt ai ni ng resifidngerimh piregh tentperafizavdried nctonding to2bd mniseof idacexdbdrigeany devi ce

mai ntai ns t f I I ion tube under pressure. Preferably the
pressure | sh( %@tt%grtl&%%@g%Jﬁﬁgf@g%&c{cgsﬂgm%ﬁg&aﬁﬁ%i%ﬁ?{ g%gi?géo Paniiht cal 1y
appl i ed at tdoestaridengferdtinve for@ackicndedttine Fal etraiple eno atibaifouBhkaand 70 kPa. In
alter natf'

ve embodi nent.s of. the,.pr Se%° invent.i.on flow of .liquid through the
t her mocy'el erF S REP ﬁ%na?eﬁg%in%ﬂ?e%gtgaif"i‘ %Foe%@‘(}fi%a BTt icE i ‘gﬁcéméilﬁn of the
flow tube. Tdehstuhdsn si@ndlingdyadhafehe hrralgb@uwtRghishaRl s thi@pdguidHeroduced
at atnospheric $r essure usin cf zer contact and contam nation free nethod
(see her ei naftRPFS BHHTIFEIGG Wd0F PGS hRratEmsncah ke Pl Bdilfatysed or
reacted, reg@ans6f thothendlsate. | MuthBestANAE %sdt SxPbndeRafdy K¥Uivialhg Carrier
fluid. I'n one %nbod| ment a sanple is WD 2007/ 087690PCT/ AU2007/ 000108 - 7 -
number of times to provide any number of temperature zones, however it will be
20 appreciated that 4 temperature zones is sufficient for most PCR/LCR reactions.
The thermocycler may also include one or more further heat exchangers
surrounding the outer heat exchanger for providing further temperature zones.
Preferably the reaction tube includes an inlet port for introducing fluids into the
reaction tube and a delivery device for maintaining a flow through the reaction tube.
25 Inuse, the delivery device maintains the flow through the reaction tube under pressure.
Preferably the pressure is between about 70 to about 700 kPa. Back pressure is typically
applied at the end of the reaction tube at between about 30 and 70 kPa. In alternative
embodiments of the present invention flow of liquid through the thermocycler is
maintained by negative pressure applied to the exit of the flow tube. This has the
30 advantage of allowing samples to be introduced at atmospheric pressure using a zero
contact and contamination free method (see hereinafter).
Preferably the fluids include a sample to be analysed or reacted, teagents to be

used in the analysis or reaction, and a carrier fluid. In one embodiment a sample is



separated froma follow ng sanple by the carrier fluid to substantially
prevent contam nation between sanples, i.e. carrier-sanple-carrier
configuration. However, in an alternative enbodi nent, a washing fluid can
al so be interspersed between sanples, i.e.

carri er- wagfiy soefdsh®p- sanpl e-carrier-wash-carrier confi Sé’f/ﬁhhda%ooirdﬁe
preferred carrier 5fluid is silicon oil, or any synthetic conbined oil

which is devoid of biological cont am nant s. Preferably the wash fluid is
pure water. In enbodiments in which thé-thernocycler is used for nucleic
acid anplification the carrier fluid should be devoid of nucleic acids such

as RNA or DNA. Pr 1 he # ted is a nucleic
acid such a¥PHMRd Pmﬁh Bh nﬁﬁg%%etcgllig?ﬂ%a% ylﬁﬁg%%%lr}{gﬁff of the sanple

10 wi 'l tymoﬁﬁkﬂm{ammbw&en czlmw@nm baarum]-sdmp!ﬂ ~¢amigr s onfiyeatipnd BRWE TSIl

tri phosphate dATP§ eo tidi %gr %%%Qégom ne
tri phosphat & GERP ee‘d"é"cﬁé1 ?r% Flﬁ‘%tﬂt 5% %is%g%%tﬁg& ﬁ?mm%nd at |east one
of a thernosd allier-h- d&ﬁhéfmﬁplseameﬂwysrhMmmeachlgﬁgxmthVeTh€r prgferad sartifler eof

an enzymatical ly acti ve deri va ive t é Ji@nscript ase.
15Pr ef er &bl ?mfih“e'ﬂ]t“ioﬁé"tﬁea“é’é}ﬁ‘ﬁ pelic Cgmﬁ’ﬂﬁ?ll“ﬁbcg eV? dgorfgfoé%”ét gr ni ned

tenper at ur e%dr@anﬂﬁﬁitss e 8tARI e Wyshofied i@@um‘witém\m eabalimekieirahidt thee axi al
| ength of t

e heat exchangers_and/or the di te ube. In
an enbodi nefemeteyelpkis uERARE RISHIGHH LA ‘I?%%Olﬁggcadi‘wﬁ%‘é& %}ﬁleﬂ:der?%gtel] g? %f
nuct ei ¢ _aci f,Tphdidd ah hORNAIRONA Wi8rabey hokdiyle ertie aigkedich &tac’tleha .
follow ng reactions take&}%é 20(a), denatuyatjon of DF@S N
conmponent sbwdgidssid sydy)es ol R4 containing samplgo iiksr é?HlP‘H tﬁ Ism
conpl emgpt a L gf&‘e{@‘&%ﬁmé Biid G ENRe pARE:s &&)}cyﬁéﬂ&é’l%&hpho@ﬁhama(ww strands;
Preferably t eps are ?epeated untli a e5|re g%(‘iY(ﬁJQ]’)Of arrpllflcatlon

has been 25demdycytula¢ tuphOSPhatéI'@QTfhéP@ﬁYéWOé‘PC oSy ude a pre-coil

for denaturin t N8 2SRIRLE: bS hiiocs@bledNIeNat ur ed f or
bet ween abo&?eq"é(E n“ mpﬁa ‘é{@@'{ﬁﬁ) rae ferably a marker reagent for

noni tori ng @ollyﬁmmse enzjmetichlly e figmentsibucefsapgnzymalirglly attye PHEAHESCt i on

fluid and/ or eagent can be suitably chosen 30 fromthe
group consi §]fe|1 gg%cfareé{elts?d%rfsgs‘gc%srﬁt dye, an intercal ating dye, chr onogeni ¢

substratig, or ol pggauldy enttintethpsmipsis coinhiaed 3t yheasedeternmed FWE%‘&% it
& shaped. hedteEeRaligEr e GF PO ORI Y TEHEBUt ot & R e vl di ng.
a DNA-nelt apdbyak Fiadter W2 O QBMED IRET bALRYOFENOTEIgVention which
makes use of the thermocycler for nucleic acid amplification, the timing is sufficient
such that the following reactions take place:
20 (a) denaturation of the DNA into its component strands;
(b) annealing of the oligonucleotide primers to complementary sequences in
the DNA; and
(c) synthesis of new DNA strands;
Preferably these steps are repeated until a desired level of amplification has been
25  achieved.
The thermocycler may also include a pre-coil for denaturing the sample, wherein
the sample is typically denatured for between about 2 to 10 minutes.
Preferably a marker reagent for monitoring a reaction in the reaction tube is also
added to the reaction fluid and/or sample. The marker reagent can be suitably chosen
30  from the group consisting of: a fluorescent dye, an intercalating dye, a chromogenic
substrate, or oligonucleotide probes covalently bound to fluorescent moieties.
In other embodiments the thermocycler may include a further C-shaped heat

exchanger surrounding the outer heat exchanger for providing a DNA-melt analysis on



- 8 - the anplified product. The circunferential gap of the C shaped heat
exchanger nmay be between about 20 to about 100, however the circunferenti al
gap of the Cshaped heat exchanger is preferably about 20. The C-shaped
heat exchanger may i ncl ude a circunferentially varying tenperature
profil e whyehogaglsdy vary from about 70 C to 5 about 95@@/Avdoeveenws it wil |
be appreciated that any tenperature profile could be chosen according to
the particular application. The reactiop tube may be disposed in a single
| oop around the upper or lower end face of the C shaped heat exchanger such
that as the sanple mgrates around the circunference it is exposed to the
varying tenperdified Plroﬁflétl The ERdun@arattlay gdphe tid CGrehapsd bent exchingehwaxbpl e i s
ra

detected as It mg es around the 10 loop so.that, a |t pr.ofi an be
det er mi ned. beivwevaout 2htoaghast hYK; ReaCrsrRFRRE 'e”(t‘ﬁlega@[gi ﬂggﬂiaﬁeedal%agxchanger
i ncludes a grqove for holdi e 1hpBa b e ihes-ehidy itdghoove is

di sposed on%é‘%ha{%eélssl?lﬁéeélalgﬁ’ E[B%gt e'a?ﬁezgc*]%nger. Mel t eg:let ction studies are
typical |y peptenferatialy eyineempatout profileovi@d spulduresitonebei /B¢ (P 2 ni nut es.

0 150 SRS AT OB o I, RISty oy e 2
wound ar oundybhg 2b@alin@chepgaculangplivhtoe Thettretioretpenay be dispesedie® end of
brnor ' he ey orel SR el Bo IS i AR ar et e Eech
here are § L . e aat. exchanger . The Lybe. ol 70 a S0 be
wound ar oundprefile. Qripally {he fopssscepee ﬂiel‘f‘émé%é%‘geﬁe&e 853 (i:tﬁgi?fgaéérg gwél gd ﬁ%at with a
10 loop so that a melt profile can be determined. However, in alternative embodiments the
C-shaped heat exchanger includes a groove for holding the reaction tube wherein the
groove is disposed on of the side of the heat exchanger. Melt detection studies are
typically performed in between about 1 to 20 minutes, preferably 2 minutes.
In yet another embodiment, a post-melt on the amplified product may be
15  performed on a C-shaped heat exchanger in which the reaction tubing is wound around
the heat exchanger and wherein the temperature at each end of the C-shaped heat
exchanger is maintained at a different temperature. Each turn of the tubing on such a
melt device would thus be at a discrete temperature giving as many measurements in th¢
melt determination as there are turns of tubing on the heat exchanger. The tube could
20 also be wound around the inside perimeter of the C shaped exchanger, so that with a
high speed spinning scanner the melt resolution would be based on the scan speed and
not the number of turns around the heat exchanger. This approach would also provide a
much faster melt time given the tube length would be significantly (eg. more than 10
times) shorter.
25 The thermocycler may further include a scanning detector for monitoring the
course of a reaction occutring in the reaction tube. Preferably the course of the reaction
is measured by fluorescence. In one embodiment the scanning detector includes a
rotatable unit axially mounted above (or below) the thermocycler heat exchanger rings
for directly measuring the tube in the circumferential gap between the inner and outer
30  heat exchangers. The unit may include at least one detection channel having a source of
incident light and a detector. For example, the source of incident light may be a mercury
arc lamp with suitable filters and the source of incident light may be a LED or a laser.

Preferably the unit includes four detection channels corresponding to blue, green, yellow



hi gh speed spinning scanner the nelt resolution woul d be based on the scan
speed and not the nunber of turns around the heat exchanger. This approach
woul d al so provide a nmuch faster nelt tinme given the tube |Iength would be
significantly (eg. nore than 10 tines) shorten 25The thernocycl er nay

further inglgug;@reganni ng detector for nonitoring thepeplsR7 M@ "eaction
occurring in the reaction tube. Preferably the course of the reaction is

measured by fluorescence. In one enbodi nent the scanni ng detector includes
a rotatable unit axially nounted above-for bel ow) the thennocycl er heat
exchanger rings for directly measuring the tube in the circunferential gap

bet ween the inner out e at .ex |nc ude at

| east one dé’f‘g‘c?? F‘Eﬁf@ Héf#?% *E mﬁgvl o tpé%fhﬁrraglg%@wﬂ HEi i ?t l?as %te me(ﬁmg
detector. F@éte@mrmirmel fbhﬁetamug @eneﬂlingi picfile een theghihapayhdaee\ahaﬁgamur y arc
lanp with suyit bIef t.he source of in ht be a LED O
a laser. Préf a%ﬂi}e Wtﬁ-:?g’tfﬁ? iOtTltﬁ‘?:lVHH’eéOt?tﬁiﬁt eifatee Wgﬁé %ﬁ 1ggle}c/orrespondi ng
to blue, graghecided hftthe MOrARBHHA (6QRRCTREBOR (LB GNBBome eQeitatinshdr ed
incident light. Further, the unit preferably further includes at |east one

"mel ti ng® deneaYisoHH PeRaRmuRvVeldBthdet ecting a mel ting profile when the

C-shaped heal exEIVARGE erhfodhfisiabk SshuniRt 86iesbhey dolpriohabablysotuble 1 Ot at es
at greater than 500 rpm will be appreC| ated 't hat the aforenentioned

scanni ng det4é‘(‘:me'r01 cejaily é§P@ﬂ¢ﬂWl@ﬁetheW@ﬁlt1§ﬁ exshanger therghietodleteeidtbor port per
wayel engt h. Bﬁa@%hgag:ﬁof‘? H;? 'Iﬁé‘{lot t A&his 81?19&11 1td§1te E&tnﬂmﬁ G&Xot&m% ;S€ an

axially rotata mrror- central ydls ose e | nner
exchanger t Ihm:i@byﬁghoaldmg thetaxisiof thedbmrmecyofer a/hrobaueﬂeﬁed‘bbrthugﬁlwmtcsl ot . In

thi s enpadi nent. canni ng def e tor di r b g the
axi s o?q;a he *ffie c (:t }ea& N Hbeass ee‘? BeE Oeﬁlg%és lg?&%%gr %% thgé tBgach
“turn" of t h@cﬁﬁﬁmbdmnbteutbetna@uﬂhecamwfdrand emcdxn‘pdoabesetacted asgt mmsgest at i on such

t hat there e continu ion
detected as‘ ?3’2‘2 a%flﬁiéh\j‘?‘?a’t“h ' &P P?lﬁ e?tl(iljﬁ m@ég?nq‘ gﬂg Bf“? c{?Eﬂlescent
l'ight may th&ﬁﬁﬁl@'@@ﬂxdaBﬁhtbaﬁd(péiﬁmmtobgl5&6@0&%1!1‘1@&{0 epmmcanmhepassed t hr ough
a dichroic mrror to a detect The fluorescence, det .may be

si mul t aneoud!URreE3§n$q Jetrsiamey e 8o é’l‘e&%ﬁ‘ﬂbgﬁlﬁ’dnaéﬂc‘il@’r ﬁeg%yé YEP$ ?‘/IEFFT‘?E}IFati on
and det gat i gMyRie@ie-and Hetdbtldn sbgsappr eci ated that these detectors are

capable of det eCtItlvaH btc Qgplgggtgg 8‘13.19 tfhesae detectors are capable of detecting the course of a
reaction occurring in the reaction tube in real-time due to the rapid data acquisition.

In other embodiments, a plurality of detectors are mounted above the
circumferential gap between the heat exchangers, wherein an equal number of detectors

20  are provided for the number of exposed reaction tubes. Alternatively, the detectors
measure groups or pairs of reaction tubes. Any type of detector is suitable, including
cameras, photodiodes and photomultipliers.

According to a second aspect the present invention provides a method of
amplifying a nucleic acid in a PCR or LCR format using the thermocycler device of the

25  first aspect.

According to a third aspect the present invention provides a method of
performing a nucleic acid melt detection assay using the thermocycler device of the first
aspect.

According to a fourth aspect the present invention provides a nucleic acid

30  prepared using the device according to the first aspect.

It will be appreciated that the device of the invention may be advantageously

employed for other methods, for example methods of analysing an antibody-antigen

binding reactions.



reaction occurring in the reaction tube in real-tinme due to the rapid data
acqui sition. In other enbodinents, a plurality of detectors are
nount ed above the circunferential gap between the heat exchangers, wherein
an equal nunber of detectors 20 are provided for the nunmber of exposed
reacti on twhoemoro8kdder nati vel y, the detectors mnmeasure gPCUNB200T00pWBr s of
reaction tubes. Any type of detector is suitable, including caneras,
phot odi odes and photorul tipliers. -10. According to a second aspect the
present invention provides a nethod of anplifying a nucleic acid in a PCR
or LCR format using the thernocycler device of the 25first aspect.
According to a tRidoeiimspadifiitdeschthe pewent invertimi wevigasGuiclder Blrp@IcHBE of
performng a nuclei¢ acid nelt det.ecti.on_ ass 4S] er
devi ce of t ¥ump pEp lgud saple into 4 i Canlel,b\séltzeglpg?éﬁ}é@ﬁ@%gé %ﬁ‘?‘?‘ﬁ‘%ﬁ?ﬁ t he
prese gt i nVgRt E%?thg%da cﬂﬂxﬂioﬁiiﬁie’aﬁiod;v}lﬁfh qgtdeqaateedtrqﬁmwg Salldéltqel@\éi cg
according to the first aspect. , It. Wil be appreci e device
of the i nveﬁﬁﬂilldﬁalﬁ&?ﬂlﬁéﬁ%@%faé‘b%%ﬁ‘écmpr’éﬁﬁgl %V’éedv?lg&” g?%%%&gng{ ﬂ‘%‘g&%f or
exanpl e tgag%“m&fwiﬁ%@idﬁ&ﬁﬁd"&n@@: At iebpehir Aapiedenminna asgbstevietly ons. WO
2007/ 087690 AU2007/ 000108, - 10 - . . A&gorﬁi.&g to a fiINtthaa}ﬁpECt t he
present i nvemskashlepelof flaidsamiepgore sad inlgtapd bries Tyl coesines O 8 i qui d
sanpl e i nto.a fluid Garhb& oM diBAdich kawingse! Alough caniamntimaaiiwid | ow t ube
havi ng an oltTet “and a common i nl et into which said carrier streamand said
liquid sanpliquisemplette draw berveksaid sentirupsloveyRpVhay Al oot YOUI8 Py oi r f or
continuously .s | iAo LSt { fhuifi lchikigr 16 BRdskRBuch sl éhs r eser voi r
adapted to ﬁ&‘i’sﬁ@d%‘ﬁ %&g %g‘%ﬁ%%%%{éﬁ§|a§&ﬁé%’%§,£§§%tﬂu| evel of fluid carrier above
sai d inliet aashebizs ag shifisiedt tp nevieindzsitesiogl shers of the ligvidsargple &41949¢8nt i nuous
flow tube such that, in use, said fluid carrier streamand said |iquid
sanple are dPsEiA t hrough said continuous fl ow tube when said reservoir is
at substanti al | y pasferaisiptierliqoidprmgiels & apmdoustsempls andithe fluidsagist Si%er i s chosen
such that its 10, properties are suffici i i : si cal shape
of the Ii quitfdEoRhpRie it 58 SR et e WhatPal Bl g%@?g%%dﬁ“ﬁ”gyl i qui d sanpl e
i S an aqueous s§AfPb&t &erdingao tlalnh 8, wlarein gre hiydrophdbydiqyphisieh €ill i qui d. The
fluid carrier can be suitably an ojil such.as .a Sili. i | e port
according to cl aiAﬁCQ",d“\%%?é‘ix% RSt {1?3678}*68?5}%gme%uqnﬁ)é%\%l%girascgfelathmgﬁ ﬁ@‘gIS)Accor di ng
to a sixth %%ﬁls EhBpiRSRMani phvest deostdipg avihd ésthasgeont | nuous f 1 ow

o}

apparatus ¢ S G ARl p(Hotw accond nagthgrglotc;t]c mfg Iaf;};apatf?ssfeg(:t '

Preferably the continuous apparatus 1s
performing nucleic acid amplification reactions. The preferred method of amplifying the
nucleic acids is PCR.

20 According to a seventh aspect the present invention provides a method for
introducing a volume of a liquid sample into a fluid carrier stream flowing through a
continuous flow tube having an outlet and a common inlet into which said carrier stream
and said liquid sample are both introduced, said method comprising the steps of:
providing a port according to the fifth aspect; fluidly engaging said inlet of said

75  continuous flow tube with said reservoir; introducing said fluid carrier into said reservoir
and introducing said liquid sample into said fluid carriex, said fluid carrier chosen such
that its properties are sufficient to maintain the physical shape of the liquid sample and

such that said fluid carrier stream and said liquid sample are drawn through said
continuous flow tube when said reservoir is at substantially atmospheric pressure.

30 According to an eighth aspect the present invention provides a method for
introducing a volume of a liquid sample into a fluid carrier stream flowing through a

continuous flow tube having an outlet and a common inlet into which said carrier stream

and said liquid sample are both introduced, said method comprising the steps of:



Preferably the continuous flow apparatus is a thernocycling apparatus for
performng nucleic acid anplification reactions. The preferred nethod of
anplifying the nucleic acids is PCR 20According to a seventh aspect the
present invention provides a nethod for introducing a volune of a liquid
sanpl e int%i (%%a%g,carrier stream fl owi ng through a CQE%&BH%?&NLkOMItUbe
havi ng an ou and a common inlet into which said carrier stream and sai d
| iquid sanple are both introduced, said nethod conprising the steps of:
providing a port according to the fifthlhspect; fluidly engaging said inlet
of said 25continuous flow tube with said reservoir; introducing said fluid
carrier intqQ.sakd.r r\ Ol k- | duci aid Liguid le into said
fluid carri g)rl é\ﬂgl{g?&%ﬁ ﬁ&f %fr(%%g{r&ﬁléérﬁ%%% e @%gﬁ' ‘PR a{sd ‘%‘fegopr%?‘ ies are

suf fici ent tcontimions bw ttbhrevifisasliresivoshapredwfing daed fluidvardeisawphid and such

that said fluid carrier.stream an aid liquid.s | e .are drawn t hrough

sai d conti ndBus ¥ SFEGHE ﬁ]sgl?ﬂglﬁ%FSBETEF’\/‘gFOrsa}dSﬁﬁ?Caéﬂ?}scP’étﬁW%’l %9{&

at m)_sgher ic rmﬁﬁ?‘ﬁperﬁ%@@ig nidinid garhisle acilja@hgh}idlin&? pﬁb@péibhﬂlymli@ﬁm‘in'gnvl?lnt I gn
provi des .a net or,.Introduci ng a yolunme of a |iqui a .into a flui
Rartier St r A RiRsHicHdabBagR At corldsaerk werabuch 36T Wy dsestel et and
a comon i nligfuid bl itideRH the sdid infdt asd H,@3MABEISAICohiiidugnsaMe are
both introduced, .said thod conprising the steps of: WO )

2007/ 087690P&F R enrriors s Bditarigcuich e suiciest @irrintalp thearbysipalt h

aspect; fl uisdhpe TRRARHADsaRihnk Bh@lth@lsaid Byt GAMcIsRERYEnd bRWquMRBmPIt h sai d
reservoir; introducing said fluid carrier into said reservoir; imrersing a
li qui d sanpl¥e drypdersh saik @ndnyoys floviiube crhen stid respveiivrs quisindalvd

reservoify dinpoRskiigesald |iquid sanple adjacent said inlet and optionally
manoeuvring 5 Said dispensed liquid sanple with said liquid sanple

di spenser such t R&tless éliecPOG‘ieStpéQﬁ§Eéﬁqwir@ﬁﬂqﬁl‘%ﬁnﬁl@u‘g@w thedetuipten dnditee sai d
inlet and drc?a‘ffﬁs,ttﬁé QiUﬂiQ ‘A (11159 P‘Qgﬁlgﬁ'& eInld.QHYa l?l&:ba?e to el anlu‘l-f'(% ﬁlaﬁar rier
chosen such that 1ts propegkles are sufficient to maintain e physi cal
shape of t héndligve stnseaspipposatth aueslusiatr exhaudtivd seinsk; tat istesaysintlam and sai d
i quid sanpl re. t .sai.d, conti nuous fl ow tube when said
reservoir igg%%cgugéﬁéﬁ?i@#ﬁéggﬁﬁgggﬁspheric pressure. Unl ess the context

cl early Ifequi r es (Bhdrahani is €he dpbnatnghaomples e whesarthqrtvise indanttds denedteisns, t he
wor ds 'conp%isgégnécopggis%Q%}g.a§d_thg.like are to Fe_construed in an

i nclusi ve s&ARS AL BEBELSTT P AIF g0k FHETPCOBMURNH U Prgi A RDE - that is to
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indicated, “%” will mean “weight %7, “ratio” will mean “weight ratio” and “pasts” will

20 mean “weight parts”.
DEFINITIONS
In describing and claiming the present invention, the following terminology will
be used in accordance with the definitions set out below. It is also to be understood that
the terminology used herein is for the purpose of describing particular embodiments of
25 the invention only and is not intended to be limiting. Unless defined otherwise, all
technical and scientific terms used herein have the same meaning as commonly
understood by one having ordinary skill in the art to which the invention pertains.
"Threaded” as in "threaded through" as used herein refers to the reaction tube
being engaged with the heat exchangers. Thus, for example, the reaction tube is located
30 within or wound through the tunnels of the heat exchangers, as clearly shown in Figure
3. The term threaded is also intended to encompass embodiments wherein the reaction
tube is reversibly captively received in surface grooves disposed on the surface of the

heat exchangers ie. “snap locked, or wound around the heat exchangers.



expressing quantities of ingredients or reaction conditions used herein are
to be understood as nodified in all instances by the term "about"”. The
exanples are not intended to limt the scope of the invention. In what

foll ows, or where otherwise indicated, "% wll nean "weight %, "ratio"
will mean yweh@sdoat i 0" and "parts” will 20 nean "weipdW/Apmotmi108

DEFI NI TI ONS In describing and claimng the present invention, the
following termnology will be used in alc;g:ordance with the definitions set
out below. It is also to be understood fhat the term nol ogy used herein is
for the purpose of describing particular enbodi nents of 25the invention

only and is not {tepdedi i Raustd iithd dgtexistlesrestat inmegiontshatendeddo al |
technical and scientific terms used herein (gg’ve. t.hﬁ sage r'{eeq{ggtng as
comonl y unitehslt cwiguationeintaishihe ereaingat el Withip fhe vl 4P Y whi ch t he
i nvention per cth?:@cljg%?% i.e. fully enclddb£ 2081 asBemi-Birclldiopaded, hnelghid/oas used
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herei n refefs reaction tube being engaged with .th hea{%ﬁxghangers.
Thus, for exampésin of biethesndade ofithe iiprs exahangsea tsEELI Ao WEEHT e 5A“HWEURY t hr ough

the tunnels o 1€ <8 Abm ’ ‘ 4P la¥d »hiaybbgsede 3. The term
%i g i {1@5%&?1}.7?% ﬁ%lgléﬁllagtﬂg.eﬁ% teids “BnRAP la¥d Shevr” biay bk g

t hr eaded 0 enconpass enbodi ments wherein the reaction
tube i s revegsisichdngeabdphdivial y recei ved in surface grooves di sposed on the

surface of the heat excghangers | ¥ ke Qf ivesns idmense tohe heat
exchangers. WD gg@‘ﬁ‘@8'}%s§%P&wsﬁ%Est%?%%‘j&8§ Bres The term "tunnel " as
used in the ,gepbexonfurithe giihes enthangevenicran af lsast Areifderadesinc| ude
configurations in which the opening is wholl.y w I n.dRewelhin®e t he heat
exchanger s, spbsiantiplly Fuprodp a&@@‘ﬁmeﬁ%%aln\éaaél 1}’s(gtr%éd(ﬁ:glulrgsczul ary\%pelﬁ i negs,

channel s; ANdJ,QhdsHraANBS:. IFor &fan@le, Inhise mefefrat enbidimp (fre Higvesx0 R ef s,
thereby to receive the reactign tube 5.in heat t f uRhL ki on.  The
terms "tunneings amrv‘gﬁie&owrelﬁgv dfpnefrs REOTI RS ﬁ%ﬁ%@g aﬂ/he%gr ern 1 The
term "nest edj, §8.1'EEdckMritdRarRIBIREl withinitheb@mdsefthe larpredineior iigg. i nt ended

torefer to a configuration of heat exchangers wherei £ b heat
exchanger subst ariedgring “digrpoary st %H%?eqﬁgléﬁetg@%e uhgcear%,gelétr?@alﬁs Dlaced

substanti al ln%ra\g@m El@&déhttg@colagm%‘s' A% 1 vaRAkRadtionFare Bxaptpdes then t he
preferred enbodi nent” (see Figure 1) a pair

: , \See a pair of rings.are.proyided wherein
t he di ames er copfiname flowvrigbd atlgiasg odp dtsﬁgﬁusthﬁg gy é)gs e’ p? aet{mtghé sral |
The ter ms. N Ea G B e B e (10 G carT Loy, ot eam
bei ng drawn fdedsignplishe theitétndaumpingdorce sHEPiGHEPraViddyitise 8?%@@1‘3
applied to t ngssure pump, such as a HPCL pump. In contrast, a suction force is typically applied
by the use of a suction/aspirating/vacuum pump, optionally in conjunction with a
720  vacuum bottle-type arrangement. For the purposes of the present invention a pumping
force may be considered to be a positive force and a suction force a negative force.
Furthermore, for the purposes of the present invention the reservoir is considered to be
free from an applied pressure substantially greater than atmospheric pressure when the
carrier fluid is being drawn through the continuous flow tube. A fluid may also be
25  “drawn” through the continuous flow tube by the effects of gravity (when certain carrier
fluids are used).
The term “atmospheric pressure” as used herein is intended to refer to an
atmospheric pressure at substantially 101 325 kPa (i.e. 760mm Hg) or its equivalent at
différent altitudes. However, the skilled person will appreciate that this term permits a
30  degree of variation and that the number is not to be construed as a precise value.
BRIEF DESCRIPTION OF THE DRAWINGS

A preferred embodiment of the invention will now be described, by way of

example only, with reference to the accompanying drawings in which:



15conti nuous flow tube outlet are to be distinguished from "pushing”,
"propel ling" or "punping” the fluid carrier streamthrough the continuous
fl ow tube when a punping force is applied to the inlet. A punping force is
typically provided by the use of a high-pressure punp, such as a HPCL punp.

| n contrastyo @obessdobon force is typically applied by theruseo9dboodos
suction/aspirating/ vacuum punp, optionally in conjunction with a 20 vacuum

bottl e-type arrangenent. For the purposes. of the present invention a
punpi ng force may be considered to be a'positive force and a suction force
a negative force. Furthernore, for the purposes of the present invention

the reservoir is ﬁ@ﬁﬂ def Rekpb&i8of Vie® of b e AdtyslRPAdcerdinglte BfUA@ntion;
substantially greafter than atnospheric pressure when tlhe carrier fluidis

bei ng drawn t hr odtighre Aés arshwppeiisIdeigRierod theihermrysiaralova 91 35
"drawn” through the, conld (NS, c%fi tﬁé_l’_\frk]xgl'ﬂ?ﬁy&é’r hben 8f Figeks, Shwilig@Mioktion( When

certain carrier flUids are used). erm"atnospheric pressure" as used
herei n is i nefheledction tubsfteadedlyaangegedngptibs uangdtessure at substantial ly

101. 325 kpa (1. €5 Q0N Jh it He? OHLY HleffcyBlbr obhahditea At udes.

However, The skill per appreciate t this termpermts a 30
degree of vasppatatwen and that the nunber is not to be construed as a precise

val ue. BRI EF DESCRI PTLON OF THE DW\V ( . f i rent of
the invention w Icﬁg‘%\%vlsoae“ﬁvevs?g?‘il%éd,lg@% \/\%‘f/mg%‘udle%%glﬁf%logart%n ﬁg{@\n h reference
to the accompasayérnguiteaawbnashé heanbichimger MEs2007/ 087690PCT/ AU2007/ 000108 -

Fvent i on. i gur o BREETER Bev Spetere Helitaarel e MraRe dRe AR AFREIES 1 o,
shown i ny§i guk&ughioofi gure 3 is a top view of the thernocycler shown in
oaure |- -ShOWi nlg' aa' gqréifiggf s?rIliletqug Fir graécé sihgalilltvl%llgeed‘atteréléigx? c %9111 S_engaged with
t he tunnel s; 1gure /1s 8 g ;

Figure 8 is a view similar to Figure 7,

Figure9is a perspectivé top view of the thermocycler shown installed in PCR
apparatus with the inner heat exchanger ghosted-out for clarity;

15 Figure 10 is a side view of the PCR apparatus shown in Figure 9;

Figure 11 is a view similar to Figure 10 but having the outer heat exchanger
removed for clarity and the inner heat exchanger ghosted-out to show the 45° rotating
mirror and the slot for allowing optical measurement of the reaction tube;

Figure 12 is a perspective underside view of Figure 9 showing the dichroic

20  mirror and associated optics;

Figure 13 is a perspective view of the dichroic mirror and associated optics
shown in Figure 12;

Figure 14 is a perspective view of the 45° rotating mirror device,

Figure 15 is a raster image assembled from consecutive scans of samples passing

25  through the reaction tubing;

Figure 16 is the data shown in Figure 15 transformed into a graph of relative
intensity vs turn number of the tubing; and

Figure 17 shows DNA melting curves of samples analysed with template (those
curves exceeding the threshold) and without template (those not exceeding the

30  threshold).
Figure 18 is a side view of apparatus according to a fifth aspect of the present

invention, shown prior to introducing a liquid sample into the continuous flow tube inlet;



SFigure 4 is a perspective view of the thernocycler shown installed in PCR
appar at us; Figure 5is aviewsimlar to Figure 4 but including the
rotatabl e scanning detector nounted above the heat exchanger rings;

Figure 6 is a viewsimlar to Figure 5 with the scanni ng detector shown
rotated 10widwooughso®0' ; Figure 7 is a view sinilar to FhaumBostew ng the
detection channels; Figure 8 is a viewsimlar to Figure 7; Figure 9
is a perspective top view of the therm)cycl er shown installed in PCR
apparatus with the inner heat exchangef* ghosted-out for clarity; 15Figure
10 is a side view of the PCR apparatus shown in Figure 9; Figure 11

Is a view siml af{; } l{/'i %vélinll U £ Ph%Mé DG, A6 RAY 1RMiARekm g?éqg't%lﬂl@é’d renpved

f or c! arity and excha ghost ed-out” to show t he 45
rotating mihtdlthe&sdvmhﬁfhhd)tama; al | owi ng opt| cal neasurenent of the

reaction tube, hgrlgggs%é%#fwg h@&%‘%év %utt%ﬂcgj\%{ﬁ'ﬂ%%q‘(ll(ﬁs‘éingfe {é o 9

showi ng the dic soci'a ure 13 is a
Eerspecalzvetélglc&mnqglfttmtdbeclhiremaﬁdm rror and associ ated optics shovvn in

i gure i gure Is a,pers e vi.ew of he 45 rotating mrror
device. 5 Fl"“‘?rbﬁr"“é“@ﬁ“? é %@’P@%“q%ﬁ‘g dssenbl ed from consecutive
scans of sanpl es passpREFERREDEMBODIMENTSOR THE INUBNATON Figure 16 is

the data shown in Figure 15 transfor d into a gra rel
vs turn nunber ofeferriag iifialyge Fighges 1 to th?—'fhﬁlﬁ‘?oéy‘%“gﬂ%v% am%ﬁ% ke curves

TRg curves

of sanpl es ﬁ&@é&@{%@@(& Sulfer g AR yBh @idat ﬁ&ﬁ@ccﬁ&t{o\éﬂsnoexc‘aﬁ@dIreﬂsgedﬁhelyt Eaeishol d)
and wi thout tenpla those not exceedi ng 30 hr e Figure 18

is a si de viiegngfud wahtwfa@e@iﬁa@h@milbc Emglf‘wdﬂ‘ﬁ‘ 1&%%‘@3 ‘Efwaelhgllﬁr esent
| nvent o, SHOWR PELAL, b k0bAOMUCHNG 1 o FaieSARDL BpicalenfBeaant | nuous

fl ow tu e in 7690PCT/ AU2007/ 000108

about 40 tunnels are provided. Each heat exchanger ring 1 and 2 is adapted to maintain
a different predetermined temperature thereby to define two temperature zones. The
temperature is maintained using heating and/or cooling means in the form of one or
more resistance wires or Peltier devices (not shown). The temperature profile along the

15  axial length of the heat exchanger rings 1 and 2 is maintained at a substantially constant
value. The inner 1 and/or outer 2 of the heat exchanger rings may also be divided into a
pair of discrete axially spaced sub-rings (not shown). Each of the sub-rings may be
adapted to maintain a different predetermined temperature, thereby defining third and/or
fourth temperature zones. The temperature zones may be maintained at any temperature

20  but for nucleic acid amplification using PCR methodology they are typically chosen
from about 95°C, about 60°C, and about 72°C. However, in alternative embodiments
the thermocycler may include one or more further heat exchangers surrounding the outer
heat exchanger for providing further temperature zones.

A reaction tube 4 is threadedly engaged in close fitting relationship with the

25 tunnels 3 thereby to conduct heat from the heat exchanger rings 1 and 2 to a fluid in the
reaction tube. The reaction tube is alternatingly threaded through successive tunnels of
each ring | and 2 such that a fluid passing through the reaction tube 4 cyclically passes
through the temperature zones.

Typically the reaction tube 4 is transparent and formed from an inert material

30 such as Teflon, Tefzel or similar material, and the tube is preferably resilient to allow it
to be threaded through the tunnels. Further, the intetnal surface of the tube 4 should be
hydrophobic, to prevent adherence of sample, its contents or other potential

contaminants.



- 14 - Figure 19 is a viewsimlar to Figure 1 but showing the |liquid
sanple introduced into the reservoir of fluid carrier; Figure 20 is a
view simlar to Figure 2 but showing the |iquid sanple drawn into the
continuous flow tube inlet; and 5Figure 21. is a side view of an

alternative ys- PREFERRED EMBODI MENTS OF THE | NYENLKAdWM 000108
Referring ﬁr@?ﬁ% to Figures 1 to 3, the thernocycler inc ud/es a pair of

di screte nested inner and outer right ci;i ndrical heat exchanger rings 1
and 2 respectively. Each ring includes a plurality of tunnels 3 extending
| ongitudinally through its wall. The 10 nunber of tunnels may be between

about 15 to 70, bt RinkMRLCAlanPBlahYr b BRe19BPMEnADy bppioeed s are
provi ded. Each hteﬁéf\émg%hglﬁhg%rﬁ%?ng Ianasr)id a2 is gdap? Zd to rrg}i,n]t?jeal)?n a

di fferent preattiontube aighmanifremations @ onrbsiissperidvesad srgcesbandchpicat ure.
zones. The tgibelal HER dishollIRYR B pUS LR 'a%}ﬂowﬂﬁrb%ﬂing@%a BgERans in

the form of "one or stance wires or tier devices (not shown).
The t enper atamter pprigferd] edgel Idny thetienet Biag il a[The Engations{? arepelselly exchanger

rings 1 d .2 i.s ,maj,htained _at,a Lally.eor alsyie, i nner 1
and/or o terloﬁglﬁ’\‘dmta 9783 cplgglguryaﬁéée@%%ﬁsnrl\%g?gﬁggﬁgch%?ﬁghg?visgkgl&hig;ﬁ?% a pair
of di screte tabd sitslsybssqnaiakdflsstlsvithi eagsendrsotfacHoand 0.of Badbhingf! and@. sub-ri ngs may

be adapted to nmamigtain.a different. predetermn t enper.at . eby
defining third an fd?acf‘%wﬁﬁﬁgﬁﬁlewgltu P2 lﬁrqe%o?tdf?'h@g?ewn%‘egﬁgﬁc}frléag%%es may
be nui nt ai negdb@indaieliveneried for madhiting a toistantfidve ihcowgbities abglneftherat i on

usi ng PCR net hodol o they are typicall hos fr.om abqut 95C about 60C
and about 72@9%@8%?1}’%%16 V‘f‘éfl%‘gfq G 'i’ﬁ%?im %r?f’§lgf’%§5@ﬁ0§ﬁ'ﬁ3tc%}'éﬁper may

i ncl ude gne QhicAMagtdild 4 A% oh8BL BYCITBNAANS tBI0EFIOME &iabgbrl thee Widees heat
exchanger for providing further tenperature zones. A reaction_tube 4 is

threadedl y eprgestyesciibatvernahout 76 toiahept78p kPe-op SRskpraffummpnalsospnlishaghe 3

thereby to condif¢le 1?_ﬁﬁ’i§)n b2 0hd 8 RRlnENENERGEN AHbirSS akd BOEP2 hbRedrfl Ui d i n
t he reaction tube. e reaction tube 1s altematin t hr eaded thro%%h
rough

|
successi ve tinmettan aifo eprties wellwithauh backpreswie- tlﬁbﬁcgﬁ%ﬁpﬁiiﬁ apphigd theglui
the reacti Onar% HQI% uﬁdé‘iﬁ)?%sh\gglml NofdHp %ﬁﬁilﬁi&r RUHink §?¥%p§ﬂnga§6fﬂtoyﬁlg RS-

Typically the reactro 4 1's transparefit an roman i nert
mat er i al 130ssechmas Tefl on, Tefzel or simlar material, and the tube is
preferably resiligntgt .all&\éve&.t

Further, the inte eafliul U ace o m:tﬁ%gtg 'ﬁtgoreﬁ rtﬁ&gﬁ%ﬂ#e?f{ %glgﬁytg I;Bg Bé]a(lg%@% tnst o]
prevent adhereested refcesanieaised xshecaomntysistos raactian imglra qaoiee Aluidal The oatiani nant s.
fluid separates a sample to be analysed or reacted from a following sample and

substantially prevents contamination between samples. The carrier fluid is typically
20 silicon oil but any synthetic oil which is devoid of biological contaminants such as RNA
or DNA can also be used.

A typical sample for nucleic acid amplification may include DNA,
oligonucleotide primers, deoxyadenosine triphosphate (dATP), deoxycytidine
triphosphate (dCTP), deoxyguanosine triphosphate (dGTP), deoxythymidine

25  triphosphate (dTTP), and at least one of a thermostable DNA polymerase, enzymatically
active fragments thereof, an enzymatically active derivative thereof and a reverse
transcriptase.

As will be appreciated, flow rate, the relative axial length of the heat exchanger
rings 1 and 2 and/or the diameter of the reaction tube 4 can control the time the sample is

30  maintained at the predetermined temperature. In a typical nucleic acid amplification
reaction the time is sufficient such that the following reactions take place:

(a) denaturation of the DNA into its component strands;



WO 2007/ 087690PCT/ AU2007/ 000108 - 15 - Each ring 1 and 2 includes an
array 5 and 6 respectively of nutually opposed reaction tube alignnent
formations 7 on their respective end surfaces 8 and 9. The formations 7 are
di sposed on the inner peripheral edge 10 of the outer ring 2 and on the
out er periwiopewdlosedge 11 of the inner ring 1. The for ntT/Aus07hoen0e
preferably 5longitudinally recessed radially extending slots for
positioning the tube 4 such that the tupg sits substantially flush with
each end surface 8 and 9 of each ring 1 and 2. The reaction tube 4 further
includes an inlet port for introducing fluids into the tube and a delivery
devi ce for mai nt ai(p) Mgeding@n i atiforfublowideprioegitotchmplembetalyseduehes ishown) .
Sui tably the deliver evice is in the formof a positive displacenent punp
10 whi ch naintainéh%ﬂ¥['ﬁP f about 100-200 gL/ min through the reaction tube
under a pressure qf) HeHeRSH RRAVKAERadde. about 700 kPa. A backpressure may
al so applied at the end of the reactiaon tube .and can Qe naka}aiggqhbetmeen
iRt

about 30 and 70 Kibsse thiggaigayare raealsdas dif AMEE 1§ OB R iR P ©

backpr essur etemhératgﬁ%ﬁéseﬁﬁi% BesirSd RPAoF Bepliftatibh HsdSerpdchichal dhymdbepr essur e
to avoid or mhimse degassing or vaporisation of the fluid 15stream

The fluids iofemplifiersian piepisprrRportioads te by Frnefsuuevidedds g therpgeyge:

anal ysed or i ?&%&ﬁﬂberr&i’iﬁ%@? s_ElgpIQ%aéé&ecgmith IR ahakedStSpeinut @a8dsi on, and a
carrier fluid. e carrier uid separates a sanpl e to be anal ysed or

reacted from a f @' ieskerngageahfor moaielingihsehamisahrepstions & iBateaction fbedat i on

bet ween sanpl.es. e ' flld oS, typl cal N el any

synt hetic oiaflSO eiacﬁedl tg%({j%%&% ' (;[?ll %g}aloli%bgelxﬁééﬁ?%ctg%%% 'aﬁigﬁ%eg&gb&é]ﬁ bggégll?lNA or DNA
can al solfbe besmdntercalating dye y pirombgenrsubstrafeppr oligohedlestideprigbesiepyalentyat i on may
i ncl ude DNA,, ol igonucl eoti de prinmers, deoxyadenosine triphosphate (dATP),
deoxycyti di nléouﬁig)ptﬂ%)é??ﬁ%ﬁtémfe&%ﬁ?) , deoxyguanosi ne triphosphate (dGTP),
deoxyt hymi di ne 29ntfuribeheaphiuhent{ thd THeymocyoldr mlutessst-simped kfat exchérgenost abl e
DNA pol yner a

e, .enzymatically active fragnment s thereof A tically
active deri vt %WP%%W@B’F‘%%%‘G QUELRFE} %\éﬁ%ggln‘é%rl Plpot%{é‘g}lég. 2 po?{‘ma&‘égﬁ% Il be
appr eci at ed, ahpimed hasdact. e chr@lndbickttal gap & thd Enbaped btat bhchatgeats tepicinger
rings 1 and 2 and/oor the dianeter of the r ea%t ion t ubg. A(; can "th]o.nt rol the
time thelsangoa 3 _aB@)H’ﬁilﬁfteﬁxﬂ@B_g%tmﬂ”r@és prESt %‘F’r‘ﬁcﬁéd P H’mﬁ%’?‘&f P& In a
typi cal nucl gijgi.aeibeRaRk Fh%akiaB5 bSaCT KPNpdtidildriyPRefeBeddifdotliBde@fthesuch
that the folTow ng reactions take pl ace:

tube 4 is disposed around the outer circumference of the C-shaped heat exchanger such
that as the sample is pumped around the circumference it undergoes a melt profile.
However, in a most preferred embodiment, the reaction tube 4 is held in a groove

20  disposed on the face of the C-shaped heat exchanger.

In alternative embodiments, the thermocycler may include a scanning detector
for detecting the marker reagent and thus monitoring the course of the reaction occuring
in the reaction tube 4. In one configuration, as best shown in Figures 5 to 8 the scanning
detector includes a rotatable unit 12 mounted above (or below) the rings 1 and 2 for

25  directly scanning the tube 4 in the circumferential gap 13 between the heat exchangers,
or the formations 7, or the groove disposed on the face of the C-shaped heat exchanger.
For example, an incident light and detection system may be mounted on the edge of a
rotating unit positioned above the heat exchanger rings 1 and 2. Four detection channels
(LED/diode or a laser/diode combinations) may be-mounted so up to 4 fluorophores can

30 be multiplexed in one sample and all four channels can acquire data simultaneously.
Optically coupled devices, such as IR diodes, along the axis of rotation may feed the

data stream from the detectors to the main data processing unit, or data maybe fed into



(a) denaturation of the DNA into its conmponent strands; WO

2007/ 087690PCT/ AU2007/ 000108 - 16 - (b) annealing of the oligonucleotide
prinmers to conpl enmentary sequences in the DNA;, and (c) synthesis of new

DNA strands. These three steps are repeated as the sanple is progressively

punped t hr QugidotiiSeon t€NPerature zones until a desiredpbfXehooPbooros
anplification has been achi eved. The nunber of anplification steps is

proportional to the nunber tunnels proyiﬂpd in the thernocycler i.e. the
nunber of tinmes the sanple passes throué t he designated tenperature zones.
A marker reagent for nonitoring the chem cal reactions in the reaction tube

may al so be @d@gcihi® HbReRRMRY KireEhedPikBiiSRAGRDL teSsultyHd. Qaklk Yatdlis
fluorescent dye but can 10 be an intercal ating dé?ﬁh a clironogenic

substrate, orllestedisnnel asitingechrane napisd eptheroiblrd™itd f | uor escent
moi et es. Iﬂe%%‘c}]%g{‘\}}g;de@&tgpg RS iRy fsmglﬁaﬁg/&h%{m ideslddlege @ C shaped

heat exchanger (not surroundi ng the outer heat exchanger 2 for
provi di ng a iptaing detaordisad. halterngivelyi sdnpraugies iy ge viedc BeveY@mWal gap of

the Cs haﬁaedm&%gt,fﬁrg’?%%?]?%@F dbBetbViRAFEd ds¥a For &Qﬂgfe Sr g})}éf}{}ﬁeiot%hﬁ heat exchanger

i ncludes a circu y varyl rig tenper at ur ‘ et ween about 70C
to about 95 C. | rdnathpacanfiguhtonsythqinedrdeatedclanpodingdrriudenan apylar goj &

di sposed around .t out.er. cifc e - 4 : er such
that s the Lhfmieay SohiE i RRhTIRS AThet iplh BIRRAY MG MpEAChARGS P\
profile. Howsviegaxiailinmauntedsto qoe side of tad PERpdam@ntyd anhexisliyacteiable 46Ube 4 i s

held in a groove. .20 disposed .on t.he face .of the Cs heat changer .

In al ternati V8% ﬁ%&dﬁ%’@ﬁ%@‘?‘ lﬂgletl?‘}’é?‘ ﬂgtﬁgklfl%srth%V%on%%gﬁge %Ouésceé)n)tr:l}eng

det ect or 1§ or re@@1o@ 61 ihe geactien thbs Hedugh eagmniilandet 1#hThe snhihg détagotdiectsour se of
the reaction occurrjng in the reaction tube 4. 1 n one copnfigurati as
best shown iWC‘éFlﬁﬁllgl%tsa?@lgttBe &1 Wetﬁ% SR élfléléfsd?f?qcﬁéIOBG’e%g}é{uFb?fg{{'éabI e
unit 12 mounggdlaBonardras bepRs atshigletiumg The nedabd @ntinddklyecdohyd &@anni ng
the tube 4 in the circunf ergnti al gap 13 get_ween t he heat eﬁchan ers, or
the formati offSh yeactinn heglstegieg 33 H Pass wah By retrine Lgh bepm FRIeeSed heat

exchanger. Fgght8Xx3800a8l d@n 1he Ghd@Bitichl bt ardssdetedish QheSHaM0r MaYo He
nount ed on the edge of a rotating unit positioned above the heata‘gxchanger

rings 1 &hd getectmsimot ghavapt Repidenaimmeridhq nityr §y gag obmokpr L4 akyrdhe aing

conbi nat i ons ), YaRy: BB MBSk dS thd et Radtichld08 AROALLS iGRAR3driigniy ti pl exed
in one sanple and all four channels can acglgel re data simultaneously.

Optical |y couitiod ligkiticems Fluprspenag datetigh sriels simplingoustvdthallpmingfion @it at i on
may feed t hed&%{ga uﬁh% Qgéiqlafté antil%otqgﬁc?&ett&%ﬁn EQnd. he main data processing
ybe fed into

unit, or data _ .
In yet further embodiments, each scan of the scanning detector sends light

20  intensity data to a data processing computer for sample identification. The number of
bytes in each scan is identical allowing the data to be stored in a buffer, shifting the data
down a row as each new scan is added. This creates a dynamic image of the tube
fluorescence, stretched out onto a linear plane. A separate computer process then detects
the samples by edge detection image analysis techniques. The data points within a

25  sample “slug” or bolus are averaged and a fluorescence level is generated for that “slug”
at that cycle number. These fluorescence levels and cycle numbers are then used to
create a standard Rotor-gene REX file data format for analysis with Rotor-gene
software, however any suitable data format is acceptable.

Turning now to the sample port assembly and its use with the continuous flow

30  systems, as will be appreciated, the port according to the present invention allows the
introduction of liquid samples into a continuous flow column without the need for prior
art high-pressure injection ports or specialised injection apparatus. The port is relatively

inexpensive compared to prior art high-pressure injection ports, has no moving parts and



WO 2007/ 087690PCT/ AU2007/ 000108 - 17 - the detectors. However, any wreless
data transm ssion would be suitable. Melt data is collected froma

"mel ting" channel 20 nounted on the rotatable unit 12. The scanni ng
detector is powered ideally by a snall generator |ocated in the rotating
det ect or hearxkeoMste@onati vel y, spinning brushes nmay be pcBaU20biowemer, any 5
means for powering the detector may be used, for exanple stepper notor 21.

I n other configurations the inner heat _gxchanger ring includes an annul ar
slot 14 for optically nonitoring the reaction tube. As best shown in Figure
10, a dichroic mrror 15 is axially nounted to one side of the PCR

appar at us arihs amcmlbcmbzhtythabwal abt Eudtassenta)o Fudlger) the pors pesewlthavp thsi n t he

i nner of the r|n the co citi.on in the
reaction tuﬂ’éesteﬁ H ﬁgxgr‘?ﬁm}) leerloalcd e ?Ltﬂms’%h%”c glegsﬁlhelhﬁlgtl}%&%%c o directs
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can be cont i HEOESYNPE VLA ARRAIATES EH: eeeﬁf:‘ StBleER S Fiicalisd s e

t hrough the CK&Eaidd”tﬁeljelb}gélﬁmbﬁﬁ@salﬁplefcldégﬁtﬂﬁzﬁﬁﬁitldnl ghtorpassator bagkediiown t he

sanme optical path and passes through di ic mrror 16 tqQ a 15 detector
(not shown) .SYREH IBJePt&t“e?ﬁ’P%}ﬁmﬁ)fmﬁtl‘@ SRep g dlebwesp SHPISISHDY | ows t he

tubing to bepgget dtlﬂuﬁUsﬂoMcﬁéﬁﬂB&ﬂn ROchiQRGIT RADhiaON, heankf tHet BGled as it
passes through the rotatin %eam Fl uor escence detection can be

si mul t aneouscopfaphngtion M’#ﬁlmg‘? ]@ﬁ(%ég Pere| Y BatheisstiHgthg pet peratdng toitherRresst on and
det ecti on Scig@eﬁﬁnoﬁ E& ﬁéﬁfculaﬂ SR8 SAPAR ARR S SnpI6 R8I 63RiRkIY A Scanni ng

detector sen 20 intensity data to a data processing conputer for
sanpl e i antq:dimnmlal@rﬁvaﬂw laberpery whotingygemi n each scan is identical

al | owl ng the dat 6131%fg1e§|9t @Jﬁggaﬁ@l i@“@ljdév%’ {e]is Wkééﬁﬂgngus% ”? gﬁ‘bﬁn@ﬁy"n a row as

each new scan is is creates a g the tu
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technlques. S are averaged
and a fl uor esselnefits emelbarec’stogpanemad@zmbeﬁ smcetthae is"'mhuy nead far ﬂnglrm:gssmle nunber .
These fl Lor escence | evel s _an
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the sanple pgrawn ahslcsn?gﬂt'glhy co%tlguoluts oW habe unEler the e%f &8 512\91 us flow
The suction force applied to the outlet of the continuous flow tube may be
relatively easily provided by, for example, engaging the outlet of the continuous flow
20  tube to a simple vacuum pump arrangement. For example, applying a vacuum of about
10 to 100 kPa to a 15-metre length continuous flow tube having a 1 mm internal
diameter provides a flow of between about 50 to 500 pL/min. However, it will be
appreciated that the flow rate is proportional to the internal diameter of the tube and/or
the grade of oil and/or the amount of vacuum applied to the tube outlet. The tube could
25  even be gravity fed by appropriate choice of grade of oil and tubing internal diameter.
The skilled person will appreciate that other vacuums and flow rates can be provided
according to the particular application. Preferably the vacuum should be controlled to
maintain an even flow rate through the continuous flow tube.
Preferably the reservoir is open to, or held at atmospheric pressure, thereby
30  providing a “zero pressure loading port”. The preferred reservoir includes a centrally
tapered base which is adapted to captively receive a continuous flow tube. However, in
an alternative embodiment the reservoir may be pre-fitted with a length of conduit such

that the outlet of the pre-fitted length of conduit may be fluidly engaged with the inlet of



30 systens, as will be appreciated, the port according to the present
invention allows the introduction of liquid sanples into a continuous flow
colum w thout the need for prior art high-pressure injection ports or
speci alised injection apparatus. The port is relatively inexpensive
conpar ed t qudPidhRés7édht hi gh-pressure injection ports, hagpae0i9¥de@d Parts
and WO 2007/ 087690PCT/ AU2007/ 000108 - 18 - has no conponents that wear out
(such as septa). Further, the port according to the present invention

all ows sanpl e | oading at atnospheric pr¥ssure with standard air

di spl acenment pipette tips which, since they are relatively inexpensive
conpared to needl.e- syrln e i can, be

t
bat ch- st er i PiPEEE TG SQUHROP tg‘;vﬁﬁ% ?88‘85%5‘3& @:‘li]%&gé%ent&a}%&gbﬁle ¥?ntlrrr‘iu‘le At i ng
sanpl e cr ossosatba Metedetdit.is tdnfigart sast thatfiid tQbe ialet 1sl?.elﬁdé1@ed withih dge

i njection appar at nust . be cl.eaned/ steril.ised between I ections.
Further sti RBﬁm}eﬂg%’u’(‘i&ﬁEW‘ GrHaiy a@)‘&%ﬁf@seﬂ%lh‘ﬁ]i‘eﬁﬁg ’1%““2%‘?%“8’0??’?% " meani ng
there is nowg@FhaEdad] QRe Wbk Miet i§ PefhDRHi BRI vertedllyfoonfifiaed et i |1, the
port accqording to the present inventi ?n is particularly suitable for
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| aboratory §,QhQbd SitSHS iﬁé‘[‘vou such thdt§1ef Sh@Rloks NEE tfbk tis 1§ &EFdsed atlabourdr awn”
(as opposed to "pushing" by npi ng under high pressure) through the

conti nuous fherrntreplehe whﬁocﬁltlgq ¥rgurae effieid enripigopiainedin theresgbeir silien de.

Drawi ng t he fdui,g iRl blro &l BRIk LI M @mebeqmﬂp%ey 8s § bW, OVi des
cost benefits conpared to prior art devices since there i's now no need for
hi gh- pr essuseppliss thamgservaidvithifbrdcartigrond anepical 1woson é@dﬁﬁlmpl Ridgtermpinedsur e
injecti p , i uid carrier is
chosen ggc hq{ L ' éﬁ%ﬁ@“ﬁ{dﬂd{g@%%%ﬁa%aﬁﬂ?ﬁ Byﬁ‘ﬂggﬁv\nagt Et%%e ltt‘%gg?‘f]fge1¥ cont i nuous
flow tube u de@matzh@y,elf»f/@ctwe @tfxa@lemvmttway be providefifer lsumaumrg thefloid lexspl i ed to

the outlet %{qv&eber gt?\gxta\'n%get%ents A be Bga}lgﬁﬁ nggcln?stldl}éﬁl h%%ﬁéjégvxg gvi ded

by, for exanple€, “énga e outl et i nuous e to a

si mpl e vacuulmt nwrrpsewonangéﬁamﬂy kgintaived mpth dluidaqapiey pngbstantmtiv atm@phadbout 10
to 100 kPa to a 15-nmetre | ength continuous flow tube having a 1 mm i nternal
di ameter pr &V*HE% a fl ow of between about 50 to 500 4/min. However, it will
be apprdgi at ed t hatiquid@uipleomay bd iatrbducpd Dpwiht canabodsdloih@bd by Brstial di anet er

of the tube and/ar th rade f 0|I and/ he unt of vacuu applied to
Che t ube. ouPPELONTHEeCDES SOU G IDBers T erepas (F 40t § PREL By SBEFaL: | at e

choi ce of grastewets b aazoeqiuétumidrw;wmHepminodmamﬁcesrampﬂw@1akﬂablyaﬁle person
will appr eC| ate that other vacuuns and flow rates can be provided according

to the partiligbidapmalsgs shont 3onl- Pewrer.dbt anhamplenandstsmal 25d e ol | ed
to maintain &Qe £V, %H&lﬂ ! z?M\é {oash& éeh%%%fﬁeaﬁt&%g&éoﬂyﬂ a 5dnge &Mﬁ se ht%f erably

the reservoir-is nospheri c p essure, ere
provi di 7§ a thalerdeopboks sil lcmrlbuadubsgmpdix spheridabinphedee IOfpednalleShﬁ tm)ofrthc ncI udes

a central | yIHtERagsrée%gau?sﬁrsle%n It(\:x/hthltls | ve eﬁggtdg n@él r}?t a%‘mé(u m% m!)eu%uno Onti nuous

fl ow tube. rna he FeServor s n‘h “be
pre-fitted wpheie @ theﬁtgmhu@j‘s fhwrtdba inles anumpre%m it filom ‘tﬁalhlh@awayf th the vmlleytf itted
length of COIn dllélbetworlrlaySn?c% t{lellléj 1sdaI ﬁovg gpﬁlﬂg camel lnto tpe conﬂnuous ?IOW tube inlet the
sphere of liquid sample can then be “touched off” into the inlet from where it will be
25  drawn into the continuous flow tube by the suction force applied to the outlet. It will be
appreciated that a plurality of liquid samples may be introduced into the continuous flow
tube at timed intervals. The liquid sample may be the same or different samples.
Preferably, although not necessarily required, an intervening “wash” fluid is added
between samples. To explain, a preferred sample loading comprises the following
30 sequence: wash-sample-wash-sample-wash- etc. Of course each wash/sample fluid are
separated by carrier fluid. This sequence reduced sample cross-contamination since any
portion of the sample which may become dislodged is “caught” by the wash fluid and

not by the preceding sample. Preferably the wash fluid is water.



WO 2007/ 087690PCT/ AU2007/ 000108 - 19 - a pre-existing continuous flow tube.
To ensure that no air is entrained in the continuous flow tube, the
reservoir is configured such that the tube inlet is subnerged within the
volune of fluid carrier contained in the reservoir when the reservoir is
fully chargghowidstsed | Ui d carrier. The tube inlet is prefeienbyo0010s
substantially vertically configured to 5 receive a liquid sanple from
above. Preferably a portion of the contjnuous flow tube intrudes into the
reservoir such that the continuous flow tube inlet is disposed at about the
centre of the hight of the volunme of fluid carrier contained in the
reservoir when tfg shSRPYAE the Hresetl knvefitariopaivility sultsbilelfos aighi er . A

sui tabl e punp, such as a peristaltic punp, supplies the reservoir with
fluid carritroughrit asompteil extensse A2 ot erpadirpent AEhE PESH PRI Pbe SPBWIUI d | evel
by controllj : [N i In@rwashtigididigshfeser voi r.
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may be i nt rieduodded. rfle cohénuoonfléw tiba sléts awpraitreblip spaced td ap gsie% Withdhi ng t he
tip of a sapple dispepser uch .as._t he .ti. - ' B t he
cont i nuous. PGP AB0 oo e byl Bhadboll AR Cuarliish wBE

Pref erably idetid $yqtintcag amtpldacd splabibiytof RQuil sankigwesiviorthe plhalityi fupniingawpl e may
be as small _as i.L or .as |large as 50 LL. Due to.surface tension effects
the aqueousiPY edhs’énﬁ%@“a‘i%%e Heegay ﬂ% %Onl}’f)uotuﬁgoﬁ%(})regﬁ ag I}e%:éeoi | carrier is
subst ant g al fosabah iC@barllt] S6EREA:Ati EPintcondhdly cdotieudus floeftubdtberpbspet t e r emai ns
in contact with the sphere of liquid sanple to .assist ;in npnoeuvring the
sphere to tAeindsm arAdal mangald &‘bg‘l%Wigggrﬁﬁﬂﬁlﬁlhg\lfgﬁimﬁﬂfs &flgg’ﬁge%f alling away"
to the wal | sfiedthfy HBSEIN@I of t REAFNNES e bherthdrbiovuiividd té Hqdarrier into

t he continuous flow tube inlet the sphere of |i

l.i qui.d sanple can then be
"t ouched of sampleftte be Reenishypa¢edrs HiFY frretan le*t%nrir“%k’)"é %‘8\5@’2‘\‘%@ "W he
continuous hl)ﬁ%ﬁeuti-ﬁ)v@émt RE S ChbQBmERE 8R afRPbT Rdididut Newewelopénindst Wi ll be
appreciated that a plurafity of liquid sarrﬁl es may be i n(roﬂ‘g@ed into the
conti nudfis frlapwergare vastreaiate 3 sitedy (patisuouy Haw kg serics HsrdY 4eY2 %2 t he same
or different, gam r 1y,3h TROUAD ARy R HESRIAkpKs mefK red, an
i nterveni ng S'e\ﬁlggs’ﬁhﬁ?ﬁoﬁ?d@({@ﬁa ggsdy’bet ween sam:l)ll es. aTo elxipj)l %i ﬁﬂ a preferred
sanpl e | oadidadecomplimsessit-he fol | owi ng 30 sequence:
wash- sanpl e-wash; sanpl e-wash-, . ete. % BAR LsamRl gofdstitd are
separ ated by carIrnlaélr tﬁ%&%ﬁ\% %lt’gkg“é uggﬁggé%@deucgﬁﬁ%%{gg ortsEH
cr 0ss- cont aaihightjresusicootuanyflgposisicon Iofhis 4secct.apirel wcehtuhetarbecone

Pr of or abily. PRSI Y be vane pidr 3060 BBl sl ReBEEA B80E- 20 -
The sanpl e p@pé. Jafont Pesifresendf thevienstis grenitsthp amtdspherawhyst gwiotleblsdnf or  hi gh

ts g_rn-g ij g hput %lrjlg Qwit 1ttl?e ﬁg -gltegsm‘se' oolﬁ?nu%ﬂs ﬁg\}\? ?u%len?ﬂé tugg thtathl(sa oggnet% %t invention the

atmosphere contains fluid carrier and may receive a liquid sample. Once a liquid sample
is loaded the stage is rotated such that the tube open to the atmosphere is switched “in-
25  line” leaving the other tube available to receive a subsequent liquid sample. The process
is then repeatable. If will be appreciated that this port arrangement provides sample
introduction via disposable tip and no needle-syringe apparatus is required since there is
no pierecable septum and hence reduced possibility of sample cross contamination.
It will be appreciated that the port according to the present invention will be
30  adaptable to many types of continuous flow apparatus. Of course, a suction force will
need to be applied to the outlet of the continuous flow tube to draw the fluids/liquids
therethrough rather than “pushing” the fluid stream through via high-pressure pumping.

However, since vacuum pumps are relatively common and inexpensive laboratory



port may be charged with a plurality of sequential sanples (and wash fluid
doses if required) by way of a robotic sanple handling system |n other
enbodi ments of the 5 sanple port for high throughput applications, a
plurality of continuous flow tubes may be provided. The continuous fl ow
tube inl et 408, @7Qher ably spaced into an array MﬂthInP&ﬂgU&ﬁ%ﬁhﬁﬁlr Thi s
enbodi nent 1s al so conducive for robotic sanple handling whereby a robotic
system can introduce a plurality of liquid sanples into the plurality of
continuous flow tube inlets. Alternatlv@Iy, the array of continuous flow
tubes may nerge 10 downstreamin a paraIIeI configuration into a single
continuous f hﬂé’l\‘?’tﬁé"@ﬁlcﬁ ey ﬁtbxwg?feésﬂ BY adhpicdddb ptdvRie a STBRUN e to thB ottt S

enbodi ment t | es are [ oaded sequentially fromone end of the
mani fol d to Oﬁ"heommnews ﬂm’eh@wh%p@mn’@elﬂwéSt abjiie qost asspeieiad pgh proddyiag| v

spaced as t@%ggh,gg &é@g@agf; ﬂowsg tt@]%gwhﬁ S b%e%;l.{'th&’l%ﬁﬂe B&@en@ AREMAMQHE bE | OW t ube.

However, in 0O odi nent e array continuous flow tube openings 15
may merge dowinstetyesmal. nt o a Si ngI e continuous flow tube in series thereby
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sanpl es r‘?‘ay be |0 ernative aspect, a
| ow pressur eiesmermbeeaté@azdh agu@ontots Fpm exdangdel if may bsalaptad forhsghitpthessur e

contlnuousflows nthis.,a b e 20
provi ded V\h|°8ﬂt“§‘|° %\Jgg‘ﬂwﬁé{é\%%%ﬁ(? §G}'>%;r Pr“%é)g é’jhsoﬁlacoe @?? @? %%#'e%%fog‘{hglg to
define a rotatvadbs/0$6558ea fllid u@lfl]ﬁl ﬂ@mnhmtamuptmmy mplutamey d¢filigesd shmplepdn to t he
at nosphere whil S%B%I]e ot her ‘é"g 15@% ressur nt| nuous
flow tube. TNEWE efﬁ‘&tssuilesthbob‘e af%‘mtnﬂ‘éus Yo BhHET & RO ar i er
and may 1r09CQa|x\ﬂ&nael|Ha%%d phaimy ef difaest tampdrafutezonedIpite térﬁpehaﬁlﬁiéednefs hge st age
is rotated such that the tube open to thsﬂatrms here is switch i.n-

25l i ne" Iea\ﬁhﬁij"ntt‘h]é‘Oi‘itdﬁéF”%t‘&iB‘éO’thé‘P‘Fl‘é}BIa@ Yo 18 CUrRNeRt g eﬁ%ﬁfngloqu d

sanpl e. The JH:06R&3tHSpANER t& ERNGAL ARty sdqhetted In tRen@INK £5d; ah€ShntiRais thi s
port arrangerrent provi des sanple introduction via di s osabl e tip and no

needl| e- syri rfgc@e‘é(ﬁiﬁ%llﬂﬁtae@ SP%“@e(ﬂ}? Fed sgmples flgndpgthodcihbe prdnausiod sept um

and hence rech}zl@ L%?é:ﬂobth!:ée vﬁr}ma t&ﬁﬁ@?&tﬁxe? [OSSycheN AN Ao desikdd 194dl | be
appreciated that the port accordi to the present_invention will be 30

adapt abl ¥ t ofeemlificajive savhecs @ﬁtlﬁ?‘ﬁd éﬁmhﬁlc@wwsﬂa\ga’wﬁsﬂw opmbes 9F dBes Be suct i on
force will %ggl)l Qs B?\gml ik gﬂlehgbétﬁ'ﬁe%‘éﬁt RlhQberd. h?hé%@ﬁ‘ﬁd ﬂﬂﬁé’famfof Qy tube to

draw the fl ul I'qui ds t herethrough rather than "pushi ng l'uid stream
t hrough vi a deivighs rcesaiily eequinapienige oﬂ-loglemea?smespmm:é ty facathe Pudsariar e

relatively c i t to int

2007/ 087690P ?ﬁ"?%&@b?%‘b%géﬁ@“gdf?%“’afgﬁa%@t ust\l’QH‘e injection POt I0 MIdUCei 1y be
adapted to pheliqué sm;ﬂemmtodhe flaid carritostiehe. a‘btsleampofenas ciattvelygowslek] ow t ube,
the Appljcant believes th

cont i nuo 'tps fPBWEY s TEENE=SF %%g"?ﬁaéfﬁ%%%%a?% Sgdluo% g]f%é% ies eq‘ltufa%{’lnt\egé %(é(l)lﬁt :Mnlgl be
rel atively siggdoktion adwanageowslyodidantnise ctﬂsec}plmgb@rﬁssumvcgmﬁnmnby enployingbl e for
any contin uot 13 nc];\!ePport as described herein and drawing rather than pushing/propelling/pumping
the fluid carrier stream through the continuous flow tube.
When conducting a PCR using a continuous flow system, the fluid carrier
25  utilised is preferably devoid of biological contaminants, e.g. extraneous nucleic acids
such as RNA or DNA, and is chosen to substantially prevent contamination between the
liquid samples flowing through the continuous flow tube. However, in the present
invention the fluid carrier is also preferably chosen to maintain the physical properties of
the liquid sample. The applicant has found that silicone oils are particularly suitable for
30  the present invention. Ideally the fluid carrier is a silicone oil having a viscosity of
between about 5 to 50 centistokes. However, it will be appreciated that the oil viscosity
is not limited to this range. Without wishing to be bound by theory it is believed that

suitability of silicon oils is primarily due to the relatively uniform chain lengths. Thus,



device operated with a suction force. For exanple, it nmay be adapted for
use with the continuous flow devices described in PCT Publication No. WO
03/ 016558. According to WO 03/016558, a fluid carrier streaminterrupted by
a plurality of liquid sanples is punped under pressure through a continuous
fl ow tube G@lemsadeut a cylindrical heat 10 exchangerpdwauogr/aopsural ity
of different tenperature zones. The tenperature zones are chosen to provide
denaturation of nucleic acid into its conponent strands; annealing of

ol i gonucl eotide priners to conplenentary sequences in the nucl eic acid; and
synthesis of new nucleic acid strands. The liquid sanples flow ng though

the continugus.f ] RE e MAENATRGERIRRURILY €S 1N a
cyclical fas“ﬁloélnolfg\r{lyas#%scg{egl reghﬁg%/telg&l% g g‘fﬁ) a|C<£;11t| on has_been
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flow tube i tzlggeoylyklflﬁd A0auL nét%{%h%o%&nc?%? Bﬁmgﬁird)samglléezseeﬂﬁgéjha%hmal Rhsifgr i or art

devi ces nec S/plPeqw re pressure punps to force the
fluid carriggiwsdaraam0tdsrio0gh gtdve Hovntdrritiolbbe appreciaipd dhad it o deng ipr essur e
i njection poré to.,introduce the liquid sanples into the fluid carrier
stream Thi SOtRIFEPIREI 7% el ati vel y conpl ex, 90 expensi ve, requires
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fl ow tube. When conducti ng a PCR gm ng nt1| n§ us flow Stg}#t%e the fluid
carrier 25utippgleieacid suches Py &0% ’Bm§fsa‘BP G 8?%3@%%’@ nants, e.g.

ext raneqys 1EWA @&k&lﬁy lﬁé{ﬁ&b @ﬁroﬁmeoqae BhAers, &I@d\cyaﬂembms ﬁtphbsphsva bstantial |y
prevent contam nation bétween t he #grl d, sanpl es flovin

hr. h the
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i s also prefyer »%F'rybﬁuﬁk@tﬁlgﬂoskﬁat@mm%ﬂd hheasPbheireaherRbQmstE DNes of the |iquid
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sample. The a cant und that silicone oils are particularly
sui tabl e fopol3Behes, prayoaticaliyretve fragmentsdesagaf ;ﬁ“teﬁé‘”‘?’“}“u‘r"w EHYS ]r"a‘l“ée a

silicone oil f between about 5 to 50 centi stokes.
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However, it appreci a that the oil viscosity is not Ilmtedto
this range: Wt hht omxsttuum@mmuh%s prsferedlshepbstpsishly tpesppisnt gpiligRiedd ¢ hat

swtablllty i.l i con 0] ¥einpidipi form
chain Iengt e%rfnlﬁgl WBl %%9?16%{%9%&@]1}{ 13{%3@6@? %(tc)lg{%(l)%gé gftzd- al%lﬁy oi | of
sui tabl e vi asmambys ﬂacmltubafuzmgd frhSeflohai Tefted pptimiletrastedal éyreferres woul d be

ful fluid h f d
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sanple, i.e. allb%(ﬂ%ﬁis Iy dlﬁwﬂtlﬂmﬂ&bmgh vhéénasecticafose. Pre@Batilpthe 119@‘11Mée

However, it wl p&ﬁ ated t th%ml density is 5Snot limted to
this rare. dlametel Oﬁ?b@ﬁ ab %}WFW de’a dafple is a nmixture of conmponents

for a PCR experi mBillbe Bffre@xadhewhilshie karjple ﬁonsamné prebant hvetemnavibhepl e to
be anal ysed or reacted and r ea ents to % t he anLaS f{‘fm thocéof eacti on.
Prefer abI y tieicylartp putebls 1pje oo ’P‘}Pé‘éaoﬁlp 8?18185’ be PR EFES such as
DNA “or Ccﬁ%ééem AYerBiBAR Bt ik Beo 169 HBI@”B&técamblet he pldan mybionivill
typlcally i nclude oligonucl eotide priners, eoxy enosine trip posphate
be suitable for plotem disassociation systems and lsot 1elma reactions wherein t
25  sample fluorescence is measured every cycle. However, the present invention is
particularly suitable for robotic methods for reduced contamination loading of a sample
into continuous flow systems.
Reference will now be made to the drawings illustrating the sample port and its
use with continuous flow systems, wherein like reference numerals refer to like parts
30  throughout. Referring initially to Figure 18, the present invention provides apparatus in
the form of a port 1 and a method for introducing a volume of a liquid sample 2 into a

fluid carrier 3 stream flowing into and through a continuous flow tube 4. The

continuous flow tube 4 is preferably formed from Teflon and comprises an outlet (not



(dATP), deoxycytidine triphosphate (dCTP), deoxyguanosine triphosphate
(dGTP), deoxythym di ne triphosphate (dTTP), and at | east one of a

t hennost abl e DNA pol ynerase, enzymatically active fragnents thereof, an
enzymatically active derivative thereof and a reverse transcriptase. 15The
conti nuous“;d %%/681,)&% is preferably substantially transge&al%%%@?dsl ient and
formed froman inert material having a hydrophobic intern surtace. For
exanpl e, a continuous flow tube formed from Teflon or Tefzel or simlar
material is preferred. However the contZ3Auous fl ow tube can be forned of
any suitable material which wl I allow fluids to be drawn therethrough
under a suction_force. Preffa ? X &1{% |ntflernal_ 20 dianeter of the tube is
bet ween abotho™) pit & cogupynlet 5 int R fuig gargers wepmadthefigpidspmplst t he
sanpl e por t 2 afe olEinR6RSENt THPORN doRipridés'd reRvddad fok GM{tﬁﬁJ)dély%‘ﬁhﬁ@#ﬁF S OF 2
cont i nuous flow PCR appar atus, the apparatus and net hod e’ present
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reacti ons wherein the sanpl e fluorescence I's neasured every cycle.
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f|UIdC rigr stre andthr cont us.flow tube 4.
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an out | et (metent eorﬁa’inmat&lﬂdﬂﬁeeﬁlhdu:& seApIEOD Inr]ilﬁt ap dévided tbiéteeamtdie fluid
carrier 3 s m an Sa Intro The port 1
conpri ses aﬁﬁllggéﬂn\)’e‘?sr‘ aé’gfﬂltlj‘?ﬁ?%‘h? rigg‘ﬂigfl’%l t@ﬂﬁﬁ? F Fl%"t’c“H‘é“sqﬂﬂ“fett“b‘5‘1 #dh the
fluid carrik cSatinBoumciovt fibe # @sibYRdito & kst RHeabiBpaiby Babhboideesy 4§ 0 be open

to the atersLF%@rgFthe fIwg %grrler 3 stream may be drawn through the
conti nuous 1 4 5ELANgSY T g eyt s wrihijAmsCiduseRidnentionthe stem ¢idiasl i s

appl i ed13 o $hei@Wtdn@tfluid carrier 3A%ayHeTHeSBEbU2R A onfiRBuPNSS GdL aivpvention is
particularly ?w table for a continuous flow device for the a ification of
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devices a plurality of liquid are introduced into the continuous
fl ow tube 19PZRGHesiEent %ﬂdhe ﬂwdtcwemﬁcfmlwdmhwleﬁu@ satheasgppilvetichds by a

vol unme of fhupthieadh bRl dxt ) Naki O anpl es
2. In pri orﬂnaret evi c@s? t’ﬁ?@eg{sﬁggﬁ‘fm?g t%lg}]lncﬁtE rf%lg&é gﬁsdiufgﬁ IgN%arrl er 3
is punpdd tewldN4h the continuous flow tube 4 and the contl nuous flow tube 4
i's exposed to at t 49) a suj tabl e heat
exchanger 7. mm%%gﬁﬁé to%gﬁg%wg&g t#gl%seé‘s@h?g |e§%eebq }n(%ﬁ the Ce&i ?’1 amof liquid
15sanpl es 2tapgreld bdselPd Thacaniienowd ﬂmytubeemwt avrsubine@ad tvithihehecanimaoous | ow

t ube 4 by a. suction. faorce to t of.the continuaus flow
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2 may be a samgilal fomfabdviequi asir fl O s pioxFi’ﬂR foxmeintaiiig thaIIHilreIJfﬁﬂufd ddgkrgarrier 3
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shown), such as a peristaltic pump, supplies the reservoir 6 with fluid carrier 3 through

inlet 12. The over-flow 13 of fluid carrier 3 in well 14 is returned to the pump for
recycling.
Referring now to Figures 18 to 20, the method of the invention comprises firstly
30  engaging a continuous flow tube 4 to the reservoir 6 containing the fluid carrier 3 and
applying a suction force to the outlet such that the fluid carrier 3 is evenly drawn through
the continuous flow tube 4. A liquid sample 2 is then introduced into the continuous

flow tube 4 by positioning the tip 15 of a pipette 16 above the continuous flow tube inlet



20 or DNA. Referring to Figure 18 again, the reservoir 6 preferably
includes a centrally tapered base 9. The continuous flow tube inlet 5 is
subnerged within the volune of fluid carrier 3 contained in the reservoir 6
and is vertically configured to receive a liquid sanple 2 from above. A
weir 10 i sweyfyiddedof or maintaining the |evel of flui dpecEAUI087/00810825The
surface 11 of the reservoir 6 is open to atnospheric pressure and a punp
(not shown), such as a peristaltic punp, _supplies the reservoir 6 with
fluid carrier 3 through inlet 12. The over-flow 13 of fluid carrier 3 in
well 14 is returned to the punp for recycling. Referring nowto Figures 18

to 20, the meihgdpdkink@Bodt MY ADLE 88 ligoidpampRS. flhe Sﬁdeyuﬁwmpw a :
conti nuous flow tube to the reservoir 600nt%|n| ﬁeflrﬁ%%r ier
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and appl yi ndisgensedinioihe ﬁ!b?@é oil§ is srbsguallysPRgc i er 3 i's
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it from "falshurbgf&awaypheﬂmm«azutmal | s of the reservoir 6. Since there is a

11 qui o sanpl e 2 dadcenst o rguerBRnuR R, ptPHh AR LBty Bt SO0C 20y

from wheyge ijfquidssa F)wéﬂz floRing thidegiciha tominooss fdvotmbe dbke pleé@;lt Aprdicgutdes on f orce

revents. &Fﬁ@%ﬁ?%tae Fishit Detsaines b iy tediieadd soPRit BN Lon ¢ he
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carrier 3 sho

uld al so be chosen to maintain h of the
liquid sanplheving a‘IVé)SC@&WIoéfO?FW@WPé’OFq UiV eapist {?ﬂl%fé g’f"é?@%ﬁ? 9§ Flsccone oi |
having a vi it IRurDsa@@RLD. Sihe laiﬂdlm foheidsthdty of
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the walls e I ncorrect ol is used. Further, if the sp heredg ends too
qui ckly |t ndepcdnds tooaighly'it nedre ‘chrghEorees the susinpeus o fBke inlst 88nEn4R8 not be

entirely dr a‘?\%ﬂ? %@%g@ﬂ&%@%bﬁﬁg%ﬂg&awgwbe 4. Referring nowto Figure 21,

a pair of sa are provided in an 20 alternative port
arrangement. The E&fﬂphgmmbe&gm?”l1eaaaaT0ésmonlséd‘ebb"b\}ééwpaOWrméﬁ spaced
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17 is free to receive a liquid sample 2 at atmospheric pressure. Once a liquid sample 2 is
loaded into the sample tube 18 the tube 18 is then switched “in-line” by rotation of the
25 rotatable stage 20, thereby introducing the liquid sample 2 into the continuous flow tube
4. The sample tube 17 “replaced” by sample tube 18 (that has just been switched “in-
line”) is thus available to receive a subsequent liquid sample 2.
In an alternate configuration for high throughput applications, a plurality of
continuous flow tubes 4 may be provided for simultancously conducting a plurality of
30  nucleic acid amplifications. The continuous flow tube inlets 5 are preferably spaced into
an array within the reservoir 6. This embodiment is conducive for robotic sample
handling whereby a robotic system can introduce a plurality of liquid samples 2 into the

plurality of continuous flow tube inlets 5. Alternatively, the array of continuous flow



25 rotatabl e stage 20, thereby introducing the liquid sanple 2 into the
continuous flow tube 4. The sanple tube 17 "repl aced" by sanple tube 18
(that has just been switched "in-line") is thus available to receive a
subsequent liquid sanmple 2. In an alternate configuration for high
t hr oughput v@(PE’do%/ %d'oons, a plurality of continuous flog( tr}i.li?ﬁfm/ﬂoo%y be
provi ded for simultaneously conducting a plurality of 8 nuclerc acid
anplifications. The continuous flow tube inlets 5 are preferably spaced
into an array within the reservoir 6. Thi's enbodi ment is conducive for
robotic sanple handling whereby a robotic systemcan introduce a plurality
of liquid s les 2 into the plurali i s.flow.t. knlets 5.
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paral l el configuration i.nfo. a single.contir s f1ow tube 4.thereab
defining a "ab%ﬁ’éﬁqq equueﬂgﬂ{yfquna ong dtoﬁﬁgl ?@%g#ﬂélheto%feﬁihefeﬁﬁ ﬁ}kc’nglaﬁlpelyes 2 are
| oaded sequapfuiddahples RasHORRBRPacl af they amnirdval Eitd md tlaeel dirbegh thdrer eby
allowing the liquid sanples 2 to b venly spaced.as .t hey_are .drawn into
and travel tRPERIgHS flu tEedodp P\t‘i‘ﬁro?d’gboﬁ%%t%/ thséray of Y?HB?‘F?é‘%/ﬂg di ments, the
array of Corﬂpleﬁm%wmay R\ Je WBEMARER iFGS shalBdontiBi@E flle@witstdiaasieasnt 0 a singl e
conti nuous flow tube 4 i“n .se’[i es, therebi/ defining a "seri e(g" magli fold. As
will be apprtberhdafinings ‘series” BapdRidnBatvil Poamrrgiaid. Bdhippagodmaghihte | oaded
i mul t aneousiaria i 3Tk beROIdkd 866AAMLDAy L the present invention is
easily adaptable to many "10 types of continuous flow apparatus. Apart from
the port itself, Thhearoplk pos adrording ovke RpEAGEVISoD fresailyadrriehlaty myPar at us i s
the provjsi f ' 0 18t th€porPiseliBie 6RY hMANPe | ow tube,
if gravi RS/ 38%%%8“?@%‘#2&#%Hglg%tr‘\l{s_, A%%?glr.glvxt/%e e f?ﬁui ds tReret|vough rat her
t han " pushi nangete thebgenigling eppraatus is theugdvisipmofy gistign forosie Beputgiontie The
suction force,.,. r ifeed. . : S s . . punp or
the 11 ke, - 1oPa SRS Bak ot rRn  ARARE SHEHER, B B aRER ST BT
the fol |l ow ngthextapi‘mshing thhlighd strchnbdragh viadeghepressuregiumpings Jde sertian
illustrative, and non-restrictijve, MPLES S i njection
(positively fﬁrcgsgﬂ?ia FagTE g?rbtﬁﬁsu 1{%')&/{\, 3#%&%%%@&&%?1) cﬁkr{lgé lg(re'esent
inventiorsis sanpiie prdsg@diveatonwilhaw be2sainrt avithnefkicors to ithedollawiegabi ity to

| et el t | t th h, the. devi i t th
aueons. SamprETBR IR PhoEHEoR D R E e once

fromone sanple contam nating the neEKAMPLE® actice it is inportant to wash
the inside and outside of the stainl eiss steel ' syringe, then inject the
sanpl e, fol | B¥aseplel: Sample ijcchion, tpositively presyurized, e, a stainless steel
needl e havi ng 300aMmdeastBpdcoidhe postnt Beei@idnds Saiple igfeotidnosiiaad and is
used to collect and | oad sanples. Preferably the jnternal vglu of the
needl e i 30 gresntastingtioani. Hie abBipplocompgletivesPaialf SIRIcs 8s @@h?aé?ﬁ%ﬁ%{éﬁgff In
these enbodi fBRMSyiltR6: hOLREHR sadPleWiB ke ph 1RERA} & dilsarPRY: 8 pL and so
up to a 5 1.LL sanple can be safely | oaded w thout the sanple being drawn
out the backfafrescprse fisstons sampleicpp@ringing e nage Inpreetice it ivlwporaatdp HgSsyr i nge
f] g: fjle;n 'a: ]Pg hlg gl\%éd%%n%&t@ld%% fhk QadRsSEted B ife SRR rfect Be kRGAS dolldNea by he

further wash step. For example, a stainless steel needle having 300 mm length is

. peid,
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25  mounted on a CAS robotics head and is used to collect and load samples. Preferably the
internal volume of the needle is greater than the sample volume to minimize
contamination. In these embodiments the internal volume of the needle is approx 8§ pL
and so up to a 5 uL sample can be safely loaded without the sample being drawn out the
back of the needle and into the syringe barrel. The loading syringe system is purged

30  with milliQ water and a sample is loaded into the needle as follows:

9] Load 2 uL oil
2) Load S puL sample



1) Load 2 piL oil 2) Load 51..iL sanple WO 2007/087690PCT/ AU2007/000108 3)
Wash outside of needle with "water bubbler"” 4) Load 2 ktL oil al is

| oaded froma static tube, however, in alternative enbodi mrents an "oil
bubbl er” may be used to elimnate the need for the "water bubbler” wash of
t he out si dgo>9b7/dstweo needl e. 5) Load 8 I AL into the | oaplimguzpoovdoios t he
system 6) Rermpve needle fromloading port. 7) Purge needle with 100 }AL
water to clean inside and outside of the needle. .8)Wait 15-30 seconds
109) Inject 20 111, of MIliQwater into the |oading port. 10) Wit 15-30
seconds 11) Repeat 1) Exanple 2: Real-tine nonitorin2 of Reaction tube
Reference is nmadg to Jy,gihfsidorwbédtdwith Oiteasibbler’ast er i mge assenbl ed from
15 consecutive scans of sanpl es passing through the reaction tubing. A
ggag_zt)nt al i ne,4)|t n wiiadi? #l} eibr escence is indicated by increased greyscale

ity, represepts fa : ivEL ' ¥ t hr
sanmpl es noving t %‘6%13’%&%%{13’%? g E)t?%%.ﬁbé&l%&{eﬁéﬁ) ?lé%%&#vgsvﬁ%?ﬁgﬂﬁ?ﬁ td:%i ng :(rae
shown i n t hibgblilergeyab uesd th klimnets deemsed fon theriavatas bbbl sashries Sfdde

5  of the needle.
5) Load 8 pL into the loading port of the system.

6) Remove needle from loading port.
7) Purge needle with 100 pL water to clean inside and outside of the needle.
3) Wait 15-30 seconds

10 9 Inject 20 uL of MilliQ water into the loading port.

10)  Wait 15-30 seconds
11)  Repeat 1)
Example 2; Real-time monitoring of Reaction tube
Reference is made to Figure 15 which provides a raster image assembled from

15  consecutive scans of samples passing through the reaction tubing. A horizontal line, in
which fluorescence is indicated by increased greyscale density, represents each scan.
The numbers on the Figure identify three samples moving through the tubing. Only the
last few turns of tubing are shown in this image after fluorescence in the sample has
developed.

20 The data show in Figure 15 can be transformed into Figure 16, in which relative
intensity of the sample is plotted against the turn number of the tubing. The data shown
in Figure 16 allows a kinetic analysis of fluorescent changes in samples passing through
flow device. In this particular example, samples C2, C4 and C6 contained DNA
template for the specific amplicon used, and alternate samples C1, C3, C5 and C7

25  contained no template.

Example 3: DNA melt-detection studies

Reference is made to Figure 17, which shows the DNA melting curves of
samples analysed with template (those curves exceeding the threshold) and without
template (those not exceeding the threshold). The temperature at which the product

30 melts can be used as confirmation that substantially correct product has been formed.

Example 4: _ Atmospheric pressure sample port (“zero contamination” sample injector)




20The data show in Figure 15 can be transforned into Figure 16, in which
relative intensity of the sanple is plotted against the turn nunber of the
tubi ng. The data shown in Figure 16 allows a kinetic analysis of

fl uorescent changes in sanples passing through flow device. In this
particul ar V‘Rfﬁ,m;&g%g0sarrpl es C2, C4 and C6 contai ned DNpcrRGBlodb@1dsor t he
specific anplicon used, and alternate sanples d, C3, C5 and C7 25
contained no tenplate. Exanple 3: DNA nelt-det ection studies

Reference is made to Figure 17, which sRbéws the DNA nmelting curves of
sanpl es anal ysed with tenplate (those curves exceeding the threshol d) and
W t hout tenplate re at
whi ch t he productL(S%g?ﬁn%IS%gﬁlg ﬁg’gmﬁ‘ lggm%lgﬂr;l I rgrr%lg% %nn;{b %:{eﬁgﬂég{so?gﬁ“ ally
correct pr odwotantissiondisn Sdmplnapbllcak%msw@lhts thatuspef standprd pipegis tipefosam | e ort
“zero contam 7 R V/ 08 - 27
“Tee of t hoMREisEe B lnafeoh e SR epfed sy s RACORE AL ALREALERANG

met hod for csampbarapphctaluom free sarrpl e appl | cation as well as the use of
standard pipette RS f i be ea

sterili seﬁ and, f%‘er%‘a%e#’% ci‘ﬁ” 6e ese nﬁenémgf%{a %%%1 e’nlgeg%to?é l<’:5’1t| on.
5The sanpl e (@efz!)acmiucus oW mbiﬂgehapmgsemxalldmnm |o¢‘>m Owaﬁ Mazm:ﬂi Id;anrﬁtegaged to

ETFE ( Tef zeI nti nuous flow t havi di amet er mm
oxt or nal - a dofer AR et AEPE T8 h ot e R Wain AR gy s
trailed haVI WkeBandisGehidstol@e Ristdsyty ! Thiwail &as aftlcibnice fibwshok@sthy tde@si ty. This

oil was sufficient to flow through the tubing under the effects of gravity
and the oil WidgiibecHectsieferaiityfnd %Mfflq“ﬁé af Vel mgh ey the iREsiaBPHPPRDX. 50

cm hi ghegg t haiﬁsl&xh% O tldRkr '@1‘:111 Em%uﬁa%ktﬂau&uﬁmwsqw HiBe. WHBE B1isdd ditRiwn Oi |
with a simlar density to water and centi1 stokes viscosity was trailed

a vacuum of azmklmaiqn@édédmt@ apé aé@pmtlé@k%d’l&ch%t}’t%éladéfi ¢ wacupp oféhkBye a 200
pL/ rnin fl OV\ﬁeregéaeto be Ppllexil?gmy?tul%o% lgt tg:g{lgé{/fe 2208 bmq]{l%g/ raedl € suppl i ed

i ncluding a surfactan hi s surfac causes grate fromthe
aqueous phase t 0 @dramercial B@R&effdxmranm’gAQham’Lﬁpplﬁaﬂ\quudmgs smfaaantmm@ positive

and negative contro sul t ontam nation in ati e sanpl e
in about 20 prat Cé‘r‘sne%b?%g) IBI(%aﬁ? 8 eaqgeouipflﬁeéot]i}‘?l fl Pg?ff %el evel of
contam naj i 0ﬂ0W§roﬁéﬁs Roatipg poditeve nEgaRvap@mcsﬁtdlmmlaﬁn tongnciadtiopnim 1 in a

billion level of anplification js achieved. .. . . Inpn.a a set of
oxper | rent o s SreslininG Baptia o 1 T spsiue e wpitio; TREMREE: as
fol | ows: of contamination is not acceptable for PCR applications as typically a 1 in a billion level

of amplification is achieved.
In a separate set of experiments each sample was loaded after a purge with
20  milliQ water as follows:
1) Load 5 uL. water
2) Load 5 pL sample
3) Repeat 1)
By injecting pure water samples in between every PCR reaction sample (i.e.
25  “wash” fluid) contamination was not observed between a positive sample that amplified
at cycle 3 and a negative sample that was run to 43 cycles. The samples injected were
H,O - positive —H>0 — negative — HoO — positive ... etc). Therefore, water injection
between each sample provides a contamination level of better than 1 in a billion.
Although the invention has been described with reference to specific examples, it
30  will be appreciated by those skilled in the art that the invention may be embodied in

many other forms.



1) Load 5 1.1L water 2) Load 5 1AL sanple 3) Repeat 1) By injecting pure
wat er sanples in between every PCR reaction sanple (i.e. 25 "wash" fluid)
contam nati on was not observed between a positive sanple that anplified at
cycle 3 and a negative sanple that waggrun to 43 cycles. The sanpl es
injected were 1-120 - positive -H20 - negative - H20 - positive ... etc).
Therefore, water injection between each sanple provides a contam nation

| evel of Qg&ﬁ,%g_ than 1 in a billion. Although the invention has been
described wth reference to specific exanples, it 30 will be appreciated by
those skilled in the art that the invention may be enbodied in many ot her
forms. - 28 - CLAIMS - 1. sanpl e port_for .introducing, a volune of a
liquid shnpl eAiS Aieé’oﬁ for Hlt@épglpgpvg}qx%eaqﬁqhw F@nﬁlﬁﬂr&m@&l"‘é‘i EBHEL nuous fl ow
tube havipgniflowink ifbugns c&tﬁﬁeﬁpﬂow%&tha'vn%%vwﬂemad Shnffbh bt i €am and
said liquid sanple are " both introduced, saird port conprising: a reservoir

f or cont whigbssidycagigp pirganm gndssaidiliquwid sampietane bethdntfdduicetl, sadmpogtr , sai d

reservoir _adapted to naipntain.a suybstant.iall.y.constant  l.evel of fluid

Carr i or SOTORFTINES A JEseR{oR (o5 Ropinoa Ry somngng saifaetr Rt A sarden wid s d
cont i nuokserlbip Wl dpibtoshisiRtat @éubstaitislfEconSRAhEl el él W BusPéri& abdlé §adn and sai d
liquid sanple are drawn through sai d continuous flow tube when said

r eser voi ilqt end fluiilinensageablg with saiddalphefiseid qontiseansdlosnabomedh thati i useui d
carrier |j sen. h I I (i [ ffici.en Q. Mmakntain the
physi cal ga&ﬁg@ cgﬁ'xe?ﬁ%@qnﬁ aﬁ‘li %élaé gﬂ‘%ﬂ%%ﬁh%%ﬂ%@% tﬁﬁ’tu gegﬁﬁa%%}uro% Yool A
sanpl e pbt whes e4id irédgrviotr i hitdubstintialyet@bspHerie ptdssiite dnd afipd &aid SluRh aqueous
sanple. 3. A sanple port according to claiml or claim2, wherein the
carrier §AUGFIds cRossn puc thpftsirepqrtien arg suffigienitognapiam e physieal shamerd to cl ai m
3, wher eipQ1; Sla;,ﬁ? i Lqldquid Ls..an oil. 5. A sanple port according to
claim 4%8 lgpgi n Légﬂg?@clggluggg%uﬁic%%lr@oi | or a silicon-based oil. 6. A

met hod f2r i nArsenipksipogt aceordingne ctfimal , mihgrein thedigoidsanmfl©isanfaqueahscar ri er
stream fl owi.ng through a continuous flow tube having an outlet and a conmon
inlet i nt2g" ich said carrier streamand said liquid sanple are both

i ntroduced, saisgmBRIJHPChEOHIRIZ 18Il NG HifPE viHereiR HRVdaHid 9N Ad R3TP! € port
according to claim1I, fluidly engaging said inlet of said continuous flow

t ube wi thydsephgbicdisidioi r; introducing said fluid carrier into said

reservoif and,introducin aid |iqui anpl e i.nt.o i.d. flui.d canrier, said
fluid ca‘{r'ri erAc %g%@og&gﬁor?m% oickagmp?g 8’3@@?@‘&%‘5’@@%#‘8}1@& a?8ﬂmai nt ai n
the physsi.cal ARappleqort dd€ordirpito ¢l wWherdiltheWilis b RAcos 8il @r blshicencar ri er
stream and sajid l1quid sanple are drawn through said continuous flow tube
when sailpsed@idrvoir is at substantially atnospheric pressure. 7. A nethod
for intrpgduci a1 aquj i |, Ud I tream
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said continuous flow tube with said reservoir; introducing said fluid carrier into said
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reservoir and introducing said liquid sample into said fluid carrier, said fluid carrier
chosen such that its properties are sufficient to maintain the physical shape of the liquid
sample and such that said fluid carrier stream and said liquid sample are drawn through
said continuous flow tube when said reservoir is at substantially atmospheric pressure.
7. A method for introducing a volume of a liquid sample into a fluid carrier stream
flowing through a continuous flow tube having an outlet and a common inlet into which
said carrier stream and said liquid sample are both introduced, said method comprising
the steps of: providing a port according to claim 1; fluidly engaging said inlet of said

continuous flow tube with said reservoir; introducing said fluid carrier into said
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said inlet and optionally manoeuvring said dispensed liquid sanple with
said liquid sanpl e di spenser such thatogsai d di spensed |iquid sanple is
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shape of the liquid sample and such that said fluid carrier stream and said liquid sample

are drawn through said continuous flow tube when said reservoir is at substantially

atmospheric pressure.
8. A continuous flow apparatus comprising the sample port according to claim 1.
9 A continuous flow apparatus according to claim 8, which is a thermocycling

apparatus for performing nucleic acid amplification reactions.
10. A method of amplifying a nucleic acid in a PCR or LCR format using the

continuous flow apparatus according to claim 9.



