10

15

25

" THERMOCYCLER AND SAMPLE PORT" FI ELD OF THE | NVENTI ON

The present invention relates to thernocyclers and in
woaodazioswidar to thernocyclers for the aut onmat edPam@dAu2007/000108

conti nuous cycling of fluid between a plurality of

tenperature zones. The invention has been devel oped

primarily for use as a thernocycler for nucleic acid

anplification and will be described hereinafter with

reference to t, Il be
appreci at ed th?ll‘ﬁ%}ﬁ@ dn%@%?ﬁo%NWiﬁlﬁg}%@d to this
particular field ofFlEsS® OFNEIPNEYENTIONVENt i on al so
relates to a continuous flow systemand in particul ar

to aTdampisentpoyantipprelpigs F%@alénwd@r%!ddﬁ@a%iﬁulér fq Bgingocyclers
f%acﬂp LG olidied aﬁg %glgﬁrlu%ld% Uyc‘clm\gen tﬁﬁ’(%e?\%elww@’ﬁﬁ}{ of ttenﬁ eldture

appr eci at tion 1's not
zbidss particular field of use BACKGROUND OF THE

I NVENTI ON Any di scussi 0 the prior art throughout .
the sTé]éé%“fePEale hasvbesh g6Y Owﬁ man%ﬁy (s 618 FRRSPEEy e fgpnucteic

a@ﬂ'ynﬁﬁ%iﬁg?h&pﬁd WHICRE c[é“sbl%edQ{e'i eliu?fté{"'vﬁ@ll Péfekd}Rum, s 5}5}311@&1011

e common general know edge in the field
I—Eymvenst willli ihappegistedethatdie iplestion isayt limdted meihlscgﬂmculax field of
reactions to produce a desired product often require
UsGreful tenperature control, and reproducible and

ac CUrHeer&emtih®ntion lsotrBRitds itdTB chittubaagbivenstem analid paticutar
tenperature. Such reactions include, for exanple,

tpackmple padifar @ﬁpducfmg: avpbme efzdiquih e Hitag copguous flow
f}& l%mﬁowe( 15‘1&)%%%&309&@(2 %ﬁ%le %ﬂ%nﬁ&? ln'ogﬁﬁx?te{f I&?‘H{‘se

edct i on §ue Tavol’ving mi
peptiubs flehipéf usesul ts in the geonetric anplification of

corpl et et The ELARRLRATSP PoRETLEN BiRan and i s
conpl et e e wn and is
descr Algﬁﬂﬁﬂ%lﬂﬁﬁy %’]E%r 455 art'tlﬂ%h%m\ﬁ the sggaﬁca‘ﬁoﬁrsﬁ%lﬂ(lii)ﬁdno way be

Appr oach son Press
cB@Rdﬁed)hmamhchmsAoﬁhaﬁ alcﬂlqni\zmattosi m@ﬁbdlumo’m ocatmepart bythe

I nni s, ? ﬁﬁa g @ss (1990). and PCR
O?QBWW%V ppylndgsiy tae Appl i cations for DNA
Anpl 'Efysf‘eﬁ{s'vﬁﬂcﬂ"x gﬁne Eﬁhﬂl]ﬁ@ or ShAkkhenidal Ra&tidnt 98 PlodubiRdesired

is also describ In many US patents, including US
p¢9@&3 oftobrequirg ez ed Emper @w cpgyol, andBprossgiblyaBFTCEEs control

ov’ﬁat 5'12%’1%62 g gé %‘Zgﬁ ?’sﬁ%id gt t:elr%erg%e. §uc%2r§ac%1%flis 111%1u%%}f0§ %Qample,
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
technique of PCR is well known and is described in many books, including, PCR: 4
Practical Approach M. J. McPherson, et 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;
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
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The PCR technique typically involves the step of

denaturing a polynucl eotide, followed by the step of
wa@noveadiony at | east a pair of primer oligonuclBOI/AU2E7/000108

to the_ _ denatured polynucleotide, i.e., hybridizing

the primer to the denatured poI ynucl eoti de tenpl ate.

After the annealing step, an *enzyme W th pol ynerase

activity catal yzes synt hesi s of a new pol ynucl eoti de

stran LNe I@ficleotide
agiiogs e el AR SRR B S URBHE LA

te?ﬂ{ hideaksr theRhaliag stbl 1} aﬁymeswldf p(ﬁymplsase activity catalyzes
enat uration, priner annealing,

ri mer._ext.ens
sy‘lﬁh@ﬂls ofla eeyw ﬁOlp@F@l@g;@e Stra t]@‘g,}@p@g)oga[i% tF%B)ég)lexe%hgothgl@mde
agpant &S, EBBasries of
oSBT iRl denBURIRHAR RO YO ERIstemb ries 0
sk Ydumduﬁmtdndpﬁmézr amealingsand pzemex:yxibz@uuﬁ;@og@m@ #RBCR cycle.

tenpl ates for nt h n ent

ol 1 QoBIES P HHeHFE S et Py P e B P HE B e\ R
@Esigedpal|iucleotides from an earlier

s B A ot ho

oyelgican stree wam}ileh‘es fowey rahesisini sppsegrers Sy Flgs. a‘ﬁﬁb‘lnPlf &é@n“deomes
Denat ur.ati.on

G S &selgﬁtﬁg in PW& tltééltp C%nnéé {Aa Jé&ﬁ:%s ée %%%S?éf Q%&AQ eRdo@fe-

shléﬁdi&iaﬂdlyn&féofu@é BRfhede s@rtﬁatﬂh‘!e ﬁh@ldlrbeﬁiﬁe@ﬁhe anal amlhaehno sites is
step of extending the annealed priners with a

q@mlgfrférase is typically performed at around 70 to 75
0C.  THETRl2hS als e afifealing
the r Hﬁlﬁﬁﬁ%@ﬁ% }g:%kgé/ 1a€e %t%oﬁl REH afealing a

rle vari ed nmany

1% H@LSto‘iIHJ éié?ﬁuﬁledTDNtA B pieal RGRrexRed arotnd 40 RUthi, aofl the step
erma cyclers” used for DNA anplification a

@fmmﬂmgt@e angatidgringsewithn mﬂﬁén@ﬁﬁeous twlﬁalkyrpee,egpeﬁi ypgound 70
nor e erature rol I e
qqo’/j S5d%h ’6[51‘21@ £5 BRHDE; 8ycl% t v\% g%ﬁ%g‘ ?ﬁtgqe tl%ﬁgglrf guﬁt}ne e must

\ I triniEicy IO EER dk w rnest suf fer
?f{]\éatl %rg,a%d;ﬁ?e'd%é{@ thﬁ& RYRE althilEicyc e

t hat they are slow in cycling
r eact Aamntiex plthesnalrdydlemwpesedtfor @I\%prléﬁcqt@n Ialé‘é SCQURRGDG are

I ff AsYor
ﬁiléglggddﬂghqa&@ralﬁhbﬁl&hp Y4 SR téxpﬁ? ﬁ&l‘?ﬂc&&oﬂx&: El'eﬁfél s

erat ur e eat’i ng bl ocks,
of15&¢s8 hhrRMBe Q&th@rﬁﬁllﬁ@lﬁamﬂi wherkimahe temnpeu dterearftheaioek is varied
thernocycler. Int appar at ete U
comttinad.| Sbhet é%‘k%eséﬂgelk'gﬁfhaé(‘fbaali* e T R gy A e reaction

P)éggg\{eﬁrsaah ten% AP hRBP ts'l@ss e 1H§alUth‘1 hih %ﬁ@’ﬁ tPovERMEne the need to

YUT'es Trom bl ock to ck. Typi cal
thaicane ymeearndslywelemm tmmldu@odtdb@ueatmgﬂ;l@ sMigErybave devised
5, 656, 493 and 656, 724. Ho

gﬂg{d{l@t{:}ﬁ b{aqe\@n i @ ag a§9§ eéﬁng(:)\éﬁ?xf eIP t@F 839%1?{3? ?fn%l iple ter%lpm ature
antgcglﬁw a1{183ﬁ)t SXABRs ddsBY tdhd¥eeatarek @hdh kotdkiy arm is utilized
r

oughput, they are physically |arge, prone
t@nimve aéacdonmmntevep dmsi blecls rblpely uT}‘I@C%éh@“fné’ﬁYd?losﬁf?tFWé are

dlSC ose n6§ 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.

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 subj ected to
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Difficulties encountered wth these aforenenti oned

devices were in part addressed by the invention
waelr@chgsed in US 5,270, 183. I n essence, that |iPWVEAURMM000108

was directed to the reactants travelling through a

conti nuous tube which was subjected tovaiying

tenperatures by coiling the fube around substantially

drum shaped bodi es hel d at varying tenperatures.

\t%?')ggé éeg@%e?%t% e?n%& tc‘é{lﬁ%%hect%% & gghl%rc]e%nk?% 1%«?1 ?raﬁcg{j gédles held

fanydig ehipechtwbd. clh eépac @te@éntl dﬁdﬂs\blodtﬂaﬁ{mertmdietmn samples, the
m xtures and passed through t%f or t par at e

IR RORSES ITeRe LRI § STEPH O SRTFA O AHTORP P Seg ipdividual
1@5&10&1%%&@&% p%ﬁsce'a thiddkh BASH: &%RJ ?al & h%la@@é‘idﬁes The carrier
separated from'the preceding and fofl owi ng sanpl e by
fhedarhtencodn marinieene fohmisdibléthick tlaat ﬁadgﬂnqm 1saclldaolzyssepa1 ated

S S RN el Rucre T EneRl & st Buidh et Shangement
IRAs| sBGuchARES 08¢sSing RAE hambyr SeRAHAse Hdvweves tlﬂ@ﬂevwe has
convenient to conduct real-tine noni torl ng of the

davbanks ofor axaneple sinen theihsatieianies are spatialigehaated igis not
w%ﬁrﬁaﬁ%’%or?ﬁ?xeaf 9%‘?@&&09 Eﬁfﬂﬁ%ﬁ#ﬁ%%‘% hx%ac§8$3h egddﬂ?on

MdSirdy, 12400d 83nds $ep‘&ﬁ6¢l ﬁbﬁlcbabhl oMV PRY kB Séhds o Whtwhbasome.
singl e drum shaped body.is Iongltudlnalug di vi ded_t

pr ovide aé‘t’anl‘?@%%l thownveireditdosreiie K Sat-é” bffDelStdSS%’é’eg in WO
f

E0Heds A0 4] R oL R WP Ryl WD rovite

keesipeo atgmess wAshtaneatle achedretedtto du@drenthernperhturdsesuch that the

ti nuous tube coil ed ar the body the, react ant
%ﬂd& R metin s o e B e P Ay FEGHERNE tavel
Tgﬁ r‘t]@@&(ﬁﬁ'h%ﬁﬂuﬁél 6411c@ at RIARE Y&dyethe hSacta@lard bubjécted to
icult to obtain a sufficiently rapid readout of

dm*@tmg |t¢rgpctrh@rdsi rfréca*revm gekirplenevitl éuchmﬁhelhncscfakws that it is

c? Irf‘o%l So #)grlj:;ggé dwla% e%aéaf u%eabl%thte:}dftﬁ fg?ncgtth% 11(1jeal 'i]laEIQHg ngce
vtvh@h@aﬁwheep@qﬂewﬂtb@ahuabove they are typi cal ly

operated under positive pressure and require punps fo

punpi Natharesrget fogontinygug flony wsigmsand eRPTAYS ggnerally, fncluding
lthgltl)l?és %g{ég#%etsc %glpab%% Qheﬁ)eeﬁgwﬁ)? é/%ﬁ!grate-ﬁyﬂd%%(gﬂtwetﬂ?@%&e and
n%qum pirngd $or puha@sg amalm fanid thwowghi mcmumublhscmfo@[pqﬁaiuatsush asa

uire, s C|aI d hi re ion ports f
T o A VL R WL A7
f&bwlgﬁnbl%/' ﬂﬁs@Hﬁ&eﬂt SoREREOUN Ry RERSSHE Rqhie le&fhhts&ﬂnch -pressure

t ube. Thése hi gh-pressure i njection ports suffer a
ingactien pois$ faatdalibauigs: liqubdevenle inth hemtijeom aficalsaéliid teing
r N for ant n_bet we
Gl BRSO PR bR O Sh e R guports sutter
gyt of @adivads. [FRFWasEY tthfajop didvebaske i their pepehgty for cross
arrangenment for injecting the sanple, or between
eigInisgtienbethvegn samples sugbih ot wamplsi c,qgtammatmn of samples during

loading, largely due to the septum-needle arrangement for injecting the sample, or

between samples as they travel down the tubing.
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 .
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Thus there still remains a need for inproved
conti nuous flow systens, including thernocycler

walea7ogs9@s descri bed herein, as well as sanplBCT/AU2007/000108

handl i ng and delivery nmeans .It is an object of the
present invention to overconme or aneliorate at |east
one of the disadvantages of the abovenenti oned prior

art, or to provide a useful alternative. SUM\/ARY OF

-Fl;lr_l gslé ap r?\‘?gﬁ tﬁ)g Bl egex?t dgve%cug)ﬁ g? g\rfﬂ?cm el? at% aF leg?t one of

rmcc

th@di‘é@rvﬁnﬂa@es&)f%@h‘tbcﬁfaineﬁﬁomﬂqgfoe &ﬁj Mﬁo li@cﬂﬁ!@er a hi&ul alternative.
tenperature of a fluid in a t is able to

mai ntain the flui §UMW%%%EHETN¥¥%T IMNire, with

| mpr e?fam ﬁgfe&%h & g)%ﬁmtlaﬁ‘q Iﬁﬂpgfeﬁ&ﬂ ﬁVe%hongthdet Meunocfy«,lm

flui al ned conpare prior art devices

vplrlol\/lsdabla trmaqvmda dyehneﬂ o progtmmvb ardnngr the st paarsrd @i fhgd in a
pl ace, |n t he tub nbodi nents of the .inventi

tﬁ%\?} geble tgaml@mp@?t ur%%t %F@@Sw&fﬁmeslﬁ{%mdgnmawdo contro}

oszlérs{h@ 'i'ﬁnp&?tﬁ?é SWIREN M1etﬁif?§?s thaini¥Hea Qoﬁ@%ﬂ%ﬁ%§ pﬁBleeu@ H@M&s and
hrough a colum or a tube rather than punped throu
pm‘dé¢ inppreselmeansAor mogditeiing iaetidnis rtaémn@slpefmn thpgube. Ot 161
ent nvention.. rowd s at
iRy TR dPul RIS SRt he M BeTRimEhe Py
Btk it dWGerBy R6SORtGIiBh Bt LaP eratiiheotdher @nmm or a tube
define a corresponding plurality of tenperature zones;
redievithpe avmpsd thapipdy WdaHAISEWEE-t 0 recei ve a reaction
t ube t t .
cormisy SaToR otk bRl ol plb AR ARSI A
dolntpirdingagsinagitt df eyl haatrcaakidnigers Hrindepmdagbdmaintdining a
sai d heat exchangers ses_cyclical |y through the o
AR ARG (B PEiREES thezthyi dRgn¢ HoTesepRdiag Pf&%:%&z PP fepperature
20ES SAY h'eé‘tve‘%egél 1sr%{d%ﬂﬂeg@§1e%eltvggrléﬂéﬁxﬁ e shBIetHadiRDrAction
pair of nested inner and outer heat exchangers,
wbeisén hea altahsiheectmmmnittatmcgewnh Sl &nd@gxahzmomsawlmbmfa fluid
unnel.s and | det er mi ned
e ripie FRereayos rdied RUBsRg AR P8 Syetically
thﬁﬁﬂgﬁﬂﬁzttﬂﬁ@e@%@%n@nd a reaction tube engaged wth
the tunnels for thermal contact with the tenperature
z o neshcagiting bya rehated awset tha Pragens invenipy eravadaspghgrmocycler

18 ﬁ%%%jgr f%%gf% #1%9 g]?(f ﬁeggék:%lrlﬁnﬁ r’%ﬁ%ﬂe Fggcth heat exchanger

1[181&6@ allﬁlutaﬂitbeoibtjmhctl@ ahd ¥ aﬂagsda& mhmcumg b ptddetermined temperature
tﬁ rrger ature zgnes. The heat exchangers are preferabl
2T

ﬁ&b@?f@@ AddwieRiyeed tp@pg]a%%mjﬁs,t qlﬁd§ 1@9&‘6@ndpbe entrageay with the
?Lﬁﬁéfi‘_pﬂﬁ MRMal :.Sbn?é%ft Wit { hé al e}acf\ntg%n&e Whgfébg the reﬁctlon tube is

ctlonallty 0 he t cyc Pr ef er abl
dltenegihglyrtbireaqdeat thidvah stiocesdiee amnels of eadléleamxcchmgm &lluh that a
ferred, enbodi ment the tunn

i vapiie B Toisde hufiebe SRSy HRGH BEah (i PiBEtS 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
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.
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groove for holding the reaction tube substantially on
the surface of the heat exchanger. Alternatively, the

wo enessare a partially encl osed surface gr oOREI/AU2007/000108

thereby allowing the reaction tube to be "snap-1ocked"
therein. The outer heat exchanger may have a ring

structure having a transverse ‘crosssection which is
substantially circular, but this type of arrangenent

i S agahdlo heat &xichRder tn‘?aytlﬁ%e 4€HoAuurd M&ﬁ{g é’ﬂi’é?ﬂs'v@:ﬁée cross-
of the thermocycler.” The inner h&at exchanger may
gictipewhichsisubstaptially eiptulat, badhisrtyis qfcakqang'qmarm reed dajn ndfte:u‘ucal

excha ers aj.e torojda ner heat
BB RO SR BB e I Bhan TR T Bhgtised RERBRE may be
Slftel Gbulay 0B BOIDIANG bldt. IBARIA RN W extRun@BR are toroidal.
enbodi nent, the end surfaces of the inner heat

exchahberngy of (g beat sxeheapeninasyeay icluderhlsast one slot for optically
ﬁgﬁ %ggﬂgh%%u&pgmgurfaces of the outer heat

exc wever, in other enbodi nents one or both
end shirdmeasodfmdhiethe snésufeat obke hargBEat BRYhahRer lie substantially

ﬁ i a spaced fromtge corres ondi n end surface of
Wﬁl% the capgsroading sne sprfaces of Hiedyids: ghpnger. However, in

SBBPEAKYdiHhEOTonBRE Boﬁeéi‘fd SENGERING R e | hkégt dRhi §%{ BRS ve axially

using a variety of heating and/or cooling mean
Prefeirablthe chespaatinngicnufaoe of thelouteg hee amshaaga chosen

hucl ord SRIGCANGR i o satuiaibnBigen Sy b mntained using
4 eamey of Maﬁﬁ% Wop&)c@’@l@ Uﬁeaﬂ?) ﬁef&@lﬂyttheﬁ&agﬁé aitd/oPRIMng means

72 0C. 1t w be understood of course that any range
e chesepdiont g rwsistangn Wie ads Pajtigyslewise e Jormuphakeit acidiamaification

{]13 g%e%@%nﬁﬁlreht H}Le"i‘gtul?‘e%%l#yol?ea%{o& 2% Fit aoute%f ‘!1? g%ggut 7-5h% It

excnangers are prere Ine

wdhlset ander stcmmﬁrcame €hat HayVeARE of tehgpchaals exchodn@ry Selsdyd and
be, ada Hgd to maintain an axially varying tenperature
BRI oM g Hases TN of ﬁ‘iﬁ)}le%é\ﬁh%&‘ﬁ?f&b dhe hew epyechangers are

ARRLLIY %aﬁtalmvaeéon'sfanff'\f I‘Aé)eg?m@pplro%k At fd htthaetxaﬁé%ge 's may be

varyi ng tenperature pro ‘be chosén "accor
adaptedao mamldua ran apmlllyozatylmg]tempmemuqa@mﬁle ublach érzadmpiniay be

PR A G Py R GruFARTS DR RbGLEIAGALEd DAY pbgying

RhipgRRE brdfé FRY ibe Qﬁo% dcBGing!t6 %‘éﬁ%’ﬂlé@ﬂ%ﬂﬁh@éﬁ%ﬁac €s.
The formati ons may be | ong |tu§|na I'y recessed radially

ext enld apprdgudarenimdipeiof |ﬂmwnnglttoheeac1ub®t sxablangdragirefetably
IIHHRIE Sﬁéﬂ 1T 3/502?}1%1%13%1??01 0854 1%?1?}&({1% T%E% glé&;ﬂéneap EQFSS ar (gl?%?e]n 81611‘

felgecting enid pefaceherial foﬁﬂ@ﬁ)r@fmdyl‘t% lepigidigateRXangRly
and on the outer per| her al &ﬁ of the inner heat )
et gEets f@rl@ﬁﬁwamg;ﬁ e H@etsuﬁlh sthe fubezéh sessantially flush with

EXf '%ﬁla‘ GG Facar ?emﬂ{ea{é Crefth d'rﬁé ﬁﬂfnaﬂ&?s AL ai%gés%ﬂ oinnchginner
may be

spaced array. tunnel’'s "or gr ooves
pniphecdeedgerf d)hre outel heat exuhancm 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
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



10

15

30

each heat exchanger, however a typical nunber of
tunnel s or grooves is between about 15 and 75.

woe@fesmbl y t he nunber of tunnels is 40 to 50.PCT/AU2007/000108

Preferably the reaction tube is substantially

transparent and formed froman inert resilient

materi al such as Teflon or Tefzel or simlar material.
Preferably the internal surface of the tube is

Burece RFAHY Gibe BN afdpRbBig. STaYhahiReRelEr fitdarfortis hitting
fitting relationship with the tunnels for inproved
relrsiomahipveigh the temstsepr apmverd tatmafetteanstey commuoimtion thereby

e a xchanger o fhe fluid bej .
M T U SN NI T N —
abeaMhe fenRtiomtubd anesgetdnt ot B beatthensh an@dahserk & such that a

such that a copntinuous flow configuration can be ‘
sRHIngBYlowaprdgHBISN ¢amberashiered nlgltefﬂéi@l}’ gherrepatipatitlee is
ﬁﬂﬂﬂ%ﬁ%&ﬁﬁ?ﬁﬁ&%abkn anot her enbodi ment of the present
I nvention the outer and inner heat exchangers may be
sub- diwvamelterienfoodanguit of leiprysenf indégpnebeowxi @ld iMner heat

spaced heat S exchanhgers, each heat exchanger bein
DBV 1O RE PR 4RI ThisvAnBh s Gr Bf Gl amagkeDtssd ire
%}Eﬁ_l‘iﬁné&s,@b&f §da€Bkchhh QP fdb@RE 8 alteah 82&1&5@3&@% Whicc{h might

ing this enbodlnenf the 71 nvention can pr ogr anme
bothsepme omdiffasens fronBtlstadpcont Iastpangenctsiaop shinetibodiment the

ldence.time at each tenperature varied according.fo
B ETNEE oS o o e P Opah Fectiions Fih
feSitpREaite @t cACh RS BIREMEcRlinB @ the X BIRPILES BRdhangers at
be used to namintain a constant tenperature for an

hat sveR gpnmeﬁ%\_nq:@pnt@mﬁ@ !o@,cket Qohest exdhangepymain bgpsed_ 10 maintain a
g@?{é&ﬁf‘&ﬁ{p%ra(fﬁ@ fplearf@t&{d%h Qﬁ% qior%ggmgélg 7t%%tgl?]e go:u?%leege

onger ‘extension reactron than ur at

acheaddrncan ephaintalddyat hbeutF0P@ngprehte a0bngdr gRicasion kédtion than
erature heat exchanggga can be rearranged so that

e ) .
ﬁaqn& LR e eREPRA Y dhe tareepicaty high #id logt ispperature heat
BRhBhgerOar! e iATEBL o BEE Ffore5int ESLE'%dléllt cail ke BEARL at different
exchangers may be "di vided any nunber of tines to
prioisicdéhcathyromiepee. Bhrtharsply tie beat exolvagersmmyeheativided any
Kb PR R b RS A SRR B b
AppRENBMEY Halll tdhYerliROzonBE sUHE GAR (I mFRPER/UCRNSS g
exchangers surroundi ng the outer heat exchanger for

pr ovi Engdereeker maymberinelyde opoaesorefngharabl exchimegers

' | nenlet. por or, i ntroducin
FFELAAR che e ML UCER A A A SR b PG
for nBiefitrablpitigreactfonawbd Michidghait et HoRTh Broliwdi®s fibids into the
use, thg quivery devi.ce maintains the flow through
A GnEHEE Pgha telyEsrsifidse for Buaipiaingpy {igve thiprgh threeaction tube.
ngs - P N
B el e P i e oA e fod il AR pressure
reteetblp the prbssust is betweer abaltGidtto 3Bowt a0 TPal BRek plessure is typically

G A i e R R AR a PR b iePR Aol 30'and 70 1bR n'al&ative
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
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, reagents to be

used in the analysis or reaction, and a carrier fluid. In one embodiment a sample is
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mai nt ai ned by negative pressure applied to the exit of
the flow tube. This has the advantage of all ow ng

W@ 200pl08%94 0 be i ntroduced at atnospheric pressPCBEAUI0MNG00108
a zero contact and contam nation free nethod (see
hereinafter). Preferably the_fluids include a sanple
to be anal ysed or reacted, rgagents to be used in the
anal ysi s or reaction and a carrier fluid. In one

Seggwgq%ep% nsglrnpfe%ﬁ/qgé aLfd f)l{u‘arfb %ulgé?a{ﬂtl‘al’l@/ BEtvent

to substantially prevent

c&%i@xﬁh&@bétﬁ)&e@ gimﬁam 1.8 avapieesamiplecargar «rqnélgu@agm Howpgver, in
pler confi gurati on.

n,alternat
areaitrER TSRO IRBRI Y PES ’FIPSJE%‘C‘&%‘& alsP bg HESPHIPE ﬁ%‘é’?%“e?fmples

1. c% %‘é}‘t’y?e? Nyvaf! 11?6?48&11518% ea1‘11e1-wash—camel conﬁmuahon The preferred carrier
I'er-wash-carrier-sanple-caitier- vvash ca

flGrk sdigoabilpo. an'j'h;ent]hemf emmlsokckel pibish 16 Revaid PEbiglagiebn

oil, or a c i.ned oi
CoMBg P RHEA TR AP TR PR AT e oS Tl REh the
t}%%@cy@él% usédnfoieﬂmgb H@ﬂ(aﬁlp'llﬂcélﬁmﬁhe cheict Heidnshoyldiberdevoid of

used nucleic acid a I|ficationth§ carri a ted i
nﬁctlaucchcsiscsuﬂdaﬂaﬁNdemd?NAofl prably the sanpls tQ fie AN3jXseRAIFcted 1s

nf?gA eig qcmﬁ fug 1%? ?cf\lz% Igg Ri%\ngosn?ﬁ“g Q%nE%A' VBEL R8RS behe sample

cont al ni ng
v ARliallyGhbRte 6RERQORO e }Qﬁmélh,edesmym:leaoww t11}1hppph§@ (AATP),

I ncl'ude ollgonucfeotlde prinmers, deo p
dwxm@émhﬂl@lqsaM@deEPéoWWW@Pﬁ‘@et“ﬂ E%%ﬁia ),

d%gg&g%wd‘ilr?eoéﬁggw @eTPY, bk Qﬁgﬁlﬁbﬁe Bﬁﬁﬂﬂg}mos‘[able DNA

phosphate (dTTP), and at | east one
polynderhdis enmstaihky Likike pﬁmlgyxnmsals@eoenrz gramlasigplly active dggvative

fragnents thereof, .an enzymatically active derivative
th%é@fe’@ld 2UCISE HAUSPEESS r anscri pt ase. Preferably the

time ﬁl@%lm{eeud@tﬂg%htﬂb@'1@&1@11@5111&&& thé 9fﬂzdétemmnaétbmpe1atule is
tenperature i s pre-selectable by choice of flg]re F
mheeleetlahklbye:ha:qeaplf ﬂbwngﬁehth@ﬁelmee weatlensth Rhihgdyeat cxchangers

3@22}5 &{ %11 1t§61 frez?‘]c&gﬂ ltulna%n rlaﬁl? Ie:h'l% tn’t’é?l? of 8 lﬁ%ntlon which

eS use of
hhessRe MP{h%rthélﬁfoc?@lgﬂ i sudsit dcidrmpijilificeadn, ol tlmhg is sufﬁ01ent

timng is sufficient such that the follow ng reactions
tuak ehap tzciolloping 1gagipngfake PBReof the DNA into its

compon g tdg 151%@1%3 of {RDRANER! 1’(8%11%{9&1'&%1 ands;

ol i gon Imers to conplenentary sequences in

t he DNg) a&hﬂdal(ﬂg)ofsbmcbli@suéemfden?em@m sdmplagigntary sequences in
Pr ef er ablé t hese steps are repeated until a desired

| evel ;i@ cati on has been achi eved. The

t her mogy ﬁfleﬁ@%fﬁé@@N&@ﬁMﬁl@ a pre-coil for
denatur 5 % e, wherein the sample i.s ty plcaL
dedatblyabeseateph etewepeateglbml;nﬂ a glesptedllquqhoﬁ gmgkification has

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
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
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Preferably a marker reagent for nonitoring a reaction
in the reaction tube is also added to the reaction

wo baraismmed/ or sanpl e. The marker reagent can bBCT/AU2007/000108
suitably chosen fromthe group consisting of: a
fluorescent dye, an intercalating dye, a chronogenic
substrate, or oligonucleotide probes coval ently bound
to fluorescent noieties. In other enbodinents the

til@ ﬁ{% gﬁﬁg& Lﬁ)rdugpyl" HeNGlcHfGerantfatl GA NS thECS ﬁﬁ@djh@lﬂ 3kchanger may be

ger surrounélng the outer heat exchanger for
mwwlphb@gt 20 NAbow! 11002 halvgsérshoit cmmfamptla}f ga@d}f heodsbaped heat

The circunferenti al % of the C shaped heat exchelm er
erghangst isarakseabln Aot 9‘8 Ty Gisbiged %@@t exqBRRaEmay felu

ci.re

SR Bl O Rl e e o
Avet 951eC a Hoiwes iy i ewidinie apbtegiavartiatngy tenper@arapmiile could be
Bl L UL 62U YR o St 76,65 e S0 B
&ﬁﬁ@% {468 h]‘éf g& SUE: 8 rERasTeRe echapsl nat é‘@:hﬁlﬁ‘@l such that

parti ar app tion. The reaction tube Ooti/
aisl thp sampllemmmeat& axgluel the ojpcumistande tthee‘qmg@i togine [veryitg temperature

L 25t B PR A M IR B Pl e

%9%5 @icht hOndINEroYidd Y deifR@feal BlotveREQTi hl&mzﬁhtel eﬁmﬁ)ldhyents the
the fluorescence of the sanple is detected as

i Gepaddeanexihangar h@cm@f@@ sseperfar helding|the Fragion @ %% Rihefsin the
&feotgﬁég syho‘gg{b QNeY e s1clenof%1 ﬁgapégéhgl? e?nmi {Eg@r}:tt n 0 1es are

exchanger includes a roove ol
typecall@ petfbAfed Tttty ont 1 tm@(gtlnm puefmialslp@smﬂmtm of
the side of the heat, exchan Mel t detection s%udl%
are t Ypreanpirepempetimest A R0 é%l%elhu&@@%ﬁh ipdipgodyt may be

gkngg&%}%ﬁ ontpe[ @fsﬁﬁlgepj 1¥eat2fm151&ge? h whffc‘,h)(l?et 1e§&ﬁﬁﬂ:ﬁ51ng is wound around

t on the anplified product may
laee lpat &xahamgtr oamdamemhatpe tenheattuat h@ulngmd quhmﬁrsbhpqdri@at

ction tubin d around. the anger

FFQIEET It H’éﬂl}teﬁﬁi A G greal BRER R Es*ﬁl Pgs Eﬂs Shaped B%uch a
Iﬂ%‘?ttde%?%% Range ’Ehds%e@i@b HIséh'efbet@m@El -afurél vy &hany measm ements in the
tenperature. Each turn of the tublng on such a negl

ahealt dsgermondtipntal Wserp erecirng of fubistestrbthe @ﬁﬁeq%ahfmgél g |T\1}P fighe could

e W B B i et Ph e o SRRt ot vith
thhespe@ubsin@ihg Oc i@ e rhdaltaéﬁulhﬁtibri heult hs Ibdsedpn'r tthB(teelrspeed and

of the C shaped exchan so .t hat th a hi
snpt fhaingbsE aivers arpwn F bt SSRIDET o A SR LA povide a
&ﬁ&&& mEE ﬁ%ea#g L PBE oitdGer ?@%{ﬂdoge stlé%ﬁﬂémﬁlryqeg‘ %61@ &han 10

exchanger i's approa woul d al'3o provid
mneds) flasteer nmelt tine given the tube | engt h mould be

S|gn|f|ca (W% nor.e t han Otirres%% orter. The .

Cher oy Peptar o GRE R e ae ShEL ﬁ&ﬁ%}%@& grypring the

c%[u BB, LOIctBE oEaﬁnﬁg’ W BE rbtieh uBBC PI@EraB§aHE Edburge dMthe reaction
he reaction tube. Preferably the course of the

r1e aehsued 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

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 alaser.

Preferably the unit includes four detection channels corresponding to blue, green, yellow
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is nmeasured by fluorescence. In one enbodi nent the

scanni ng detector includes a rotatable unit axially
woreunogoabove (or bel ow) the thernocycl er heaPCT/AU2007/000108

exchanger rings for directly neasuring the tube in the

circunferential gap between the inner and outer heat

exchangers. The unit may incflde at |east one

det ecti on channel having a source of incident |ight

aﬁﬁ g?fﬁ ng@tﬁnetg{eq%g . E‘g‘%ﬁﬁf @(}gg‘B% %f’eﬁfgg\xﬁ'ﬁﬁﬁéﬁl’l@gﬁs‘gﬁ ;leggtp cgé}eé‘melting”

dRrdidhensRu e ed@tctingGl @ekihg it wiay tHReCahdfed heht éxchanger is
| aser. Preferably the unit includes four detection

intialiede Peefersblyetbp rigiahly wrdt totaies, at greates thape) 00diay. i wilbhe

I.nci to |0 . ' . s f :
I
dhetdertiongom@peeivhvalengai.of i | e when the C shaped heat

rG)C();: gﬁggﬁép&;q@g;déﬁy tgg'ﬁ sg{t}%rh?g'g btlec?{?rt 1{;1,%’ {:glﬁ)grtls{j(laballnyaxlilaqf}ft1'otatable
APREGSE %ﬁ% ARholde AR RITRRL IRACL AEARR NG AL the
rrequires only onhe excitation and one ector “port per
aovaree o€ gdadtion thraungdi the sloenindiigremboditikat, sleestanmigg detector directs
.det ect or y conprise an axial]ly rotatable L rror

imeAeT dehtAloHe BeSet GhihinRnbRciok HBRC s aiﬂegss@ﬁ%%%rnm‘m onto
Ja@l?“t%ﬂ?”n&f%@l%ta w4 dube a§391‘érlﬁﬁ'opf:mﬁpl'é&@%tsg%% £ RIAGRCH Dt the

sl ot. I s enbodi nent, the scanning detector
rdlaatios thgbei aag ibd entititnioghly sahored ahtheadidesctioh detrsted as it passes

her nmpcyc) er leh is reflected by .the mrrok onto . i
R TR g B eeebs ) Y e B R S8 beck down
{60 5PN L6 R caPpaFh A Badsed Birbth SdERotdatrrdrie alderetor OMhe
tube can be continuously scanned and each reaction

feneseenng dgtsciion pyus besimpltasgens Witk ilhainptiongy dedpyed paiagpiternate
Jhe. epi fl us t_Light may be channell ed back down
%%%mgﬁﬁ%a@g??%%ﬁ&ﬁgkkgand passed through a dichroic

m r r de wildbaaglat etk that Thee fittecbaste capabldaifeletdcung theycourse of a
be simultaneous with illun nation %T de] ayed using . ..
ISREORPSEWIINE P HiCHEASTIR thfandRaldins Gif l8dBhEP1] {algagquisiéon.
appr &g @& drfoiaindie %g)flﬂgfifﬁr‘btf‘a%f,%ct%[‘seare ARARLR Bbve the

detecting the courseé eaction occurring 1n the
digactférontidl ghbe betweee dhe hdatrexcdiamgetrs wWheeein apequad atmber of detectors

acqui sition. In other enmbodinents,, a pl.uralit f )
e PReisdO5ne IR S dvaet R dlhy e el Bggtectors
ReiNRER oL 0B XGBANORILSs. AMErPE Bf afte QEHAIsuMBTBAAcluding
of detectors are provided for the nunber of exposed

vapzeeas, paptodibdes andphetavantliipkdry:, the detectors neasure
groupg_or .pairs of reaction tubes ; / of
det ccre BT odord SRk P atetg T anrabe AR sunstiad of

anglifphetaanidleid il &f 8 PORCGAICR fgnia0udng eraheinagpelet dddie of the
resent invention provides a nethod of anplifying a
SEAPEY- acid in a PCR or LCR format using the

ther nR&X)%iﬁé 18§ \fﬂiﬁieasggctttﬁeepgegén% ﬁn\@ﬁt@&?ﬁrovides 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
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.
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According to a third aspect the present invention
provi des a nmethod of performng a nucleic acid nelt

wa@ledeo8ieon assaj' using the thernocycl er devi cRCDAURM2/000108

first aspect. According to a fourth aspect the present
i nvention provides a nucleic,gcid prepared using the
devi ce according to the first aspect. It will be
appreci ated that the device of the invention znay be

advant %91%?&@54 q i‘?ﬂt‘fpéﬁlﬁ@ﬁhé Efes&{t h@fenfiBh PRASes f 01'tﬁl§ﬁmmloduuno a

met hods o ysing an anti body-antigen bin
vorat ¢fanisquid somee ngo adluad ﬁarfltnhst@gmeﬁqwmg élngp@‘tg@ ﬁ@ntlnuous flow

i nventi on provi ort .f.or trod [
eupa g e a0 e B0R bt hieaPhEE PG RBSRsHRolaTRL Bl tiuid
sﬁltﬁE ugh bé‘thq%du@é@ @§1dfﬂo®t\/&oﬁrgﬁ$u{gau rygriair fortdretnuandy aupplying
n inlet into which sai carrier. stream and, sai d
shudqu]edwgthmpﬂdé]@d eariet BRI peseoWiicaaped 49 alaﬁg@lp a substantially

cgm " l%lreigf &lﬂuxt %131%1 é&#‘f Jagd infQ b4 BUaY E‘ﬂu%/fﬂf URPI¥ANIE with said

carrier, Zgai eservoi r
iAdapt L6l &cmumm&tfam tubesutisthantin atd, yald dlost cantier] seeain apfl said
fluid carrier above saldlnlet an beln flu'%f ¢
lsyvishspanitle arowdrawn %?%%%F%%OH&PU% ! %%"\}v“’“ 154

Quﬂggntfatt'%hc\txgg eu 1e'<‘§1‘?e ar?d"‘{vﬁeﬁ Ll ﬂuﬁﬁfah‘mﬁ‘ﬁs Shhdse@Bncidat its
are drawn through sai d conti nuous
prbpastitudhe su\ﬂf&mnsw 1da1n@geﬁ1¢cph|ys1p@ shapesafiibe Baifl gqn‘pyle introduced

at npspheric pressure and when said fluid carrier is
thefs¥en such that its properties are sufficient to

mai Nt gl fh&lﬁf (RNYREEHmpIo and Rfuedidsamiptind tﬁaﬁnidecamel is a

i ntroduced therein. Preferably the |iquid sanp |S@n
}&qlmcaﬂwblcslalm éfhg Ahid ppariey gpngbechitphly an |0§ SHCTh9 %}Eﬁ%‘b?

%gqlgpg‘: 1;701103&10161 1o ’&? 1(511'@' éﬁz?enn %ah?d oﬁpngleé li?,lglcg an%ll‘lCh

wher ejBcdr H‘l%om()’ﬁﬁﬂﬂh@pbﬁ thé gltdzlséht |11Sveanomp1}0V1dAs a@onilnmg)us dlow
a sixth aspect the present inventi onff ovi des a
ApATatHLWRDTSINgAhe pRRIa POY asepmEd? iy LRSI e port

accor 9 e?&gﬁl?ltlrléq %oﬁt nfu'i)ns ﬁé@eag)bara{g sl £ ﬁféﬁhbfcﬁchﬁg apparatus for

cont i huou her nocycl i'ng pgarat us
pe&rforpaid mididiageid lanipdalﬁcatacm whaetivpki The pterf@‘rﬁdrre@tbo ohamplifying the
The pr eferre nmet hod of anplifying the nucleic acids
nuclpercidpisddr B ng to a seventh aspect the present

inve n%%%l dg{ Q¥ 'aq,@%nﬂl ARbhae hREert Mveadue b ides ehdthed for
of a [l qui nple into a fluid carrier streamflovmng

trirodugihg a vohmmq clfﬁﬁdm;udl bample itse arfhid pyrignstisgtn dewiagdhugueh a

?(?%T{?ugu%ﬂﬁl)ﬁg}uéb g}aéfu}goatuhouﬂﬁ? 191 il a4 ¢ aﬁlgﬁ 11‘?1@& if@ r&/lﬁgﬁi sa@lcHrrier stream
GRARLd S sbﬂ@lesaﬁ €B6th Ghtroduced,isdidngetBod osrhpidsi o thebistagps o

the fifth aspect; flui dlj%/ engagi_ng_ sai dGJ ni gltd o{etofasaud
providing a port accoxdmo to the fifth aspect fluidly engaging said in
continuous flow tube with said reservoir; introducing said fluid carrier into said 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.
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:
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continuous flow tube with said reservoir; introducing
said fluid carrier into said reservoir and introducing
W@ 200d/08760ui d sanple into said fluid carrier, set™AURw7/d00108
carrier chosen such that its properties are sufficient
to maintain the physical shapﬁ_of the liquid sanple
and such that said fluid carrier stream and said
l'iquid sanple are drawn t hrough said continuous flow
[ {
e A e SR, RS ARAAL o e of i
qognpoussiénw tubewett saghreprovirdesoduaing skanﬂjﬂﬁnircamel 1nto sald

introducing .a v of .a.liquid sa into.a fluid
el Bl AT ot e e SeB R i B s e i said
RE 18 HEpedbink 8hid Aadidesa bR Radefl Kid irﬂ'ét%n%bﬁ&h&l?'xﬁanoeuw ing
carrier streamand said [iquid sanple are

seit dispronsed ligwidisampsttitusaibhpril sampletdiwenses pgch that said dispensed
I?CILH@ dzﬁi\{fjlg'1991t1%d!9c%[itmt§(‘Sg{angftep Shd (gxat h%ln]:ng[gltl ?m(g ﬁgnetfqug s flow tube,

§aubﬂu1‘m dabr @a:hdseneaﬁr e is pmﬁém@ﬁaielsﬂﬂioiie’ﬂt €b fbiitan the phys1cal
Sg‘arrlgﬁ into said reservoir; imrers a liquid samle
PRGeNbe llapik mels andrsugh that i flaid C@@rﬁ%laﬁtlﬁ@a ang saigiliguid sample
[
BBl PRI ARS o bW SR B AN RaEReBRly
aaeppermiprésss@i d | i qui d sanpl e di spenser such that

said dispensed |iquid sample i.s introduced intq said

ol et DRSS B Shner oty ates bty PhuBUsehrevihs senbton and the
Sahfd, fhleui¢tds adokrpeise’s h:@%fiﬁ‘lsﬁlléc binkl B 1ilkd Se S 9@@6ﬂsh G A
sufficient to maintain the physi cal shape of

ipglysiive senseb epeasad suarhexchitvesaieghdustive saae; rth@ns sx sag dimthe
s%PQe c?fajugcllldhﬁg bqlt ﬁ&glﬁpm@&] ALS drawn through said

COI’]tI nuous H said reservoir is at

subst @ﬂiel dlahyin aielﬁpSﬂhﬁﬁ egarfples U kherd hthe@sasd ingiceRat SXiumbers
clearly ]§U|res ot herw se, throughout the descrlptlon

eé‘ﬁbesﬁlﬁé aspftes of ngeedipioer vee«éwmogémons BEAPIcTR Al o be
st ds dﬁ@dlﬂ&?mteﬂl Pﬁaﬁc%@ %g rtlllleetg £ ”fllléjg‘\a\lrﬁal%ea?g fot

as opposed to an exclusive or exh aus I VE sense;
inentel E)djmltlthe stchpe sfths ervehtidi. niol wltit Iﬁ@ﬂloxmlbl mhbx el dtlliﬁﬁvﬁsé

t.h t
il 08 ribriear otz 2 ntr G CREE e b U g il

wéar n;ggiglglﬁﬁgs or reaction conditions used herein are

to be understood as nodified in all instances by the
term "about" The exanpléﬁﬂﬁF@TKBﬁSintended to limt
i,nvent

t he 0 or wher .

e RS B LR By R sy v

i dskd ivegut ot ddat@ivith iiad dedinitlsnd séipait bslowt ib aRBabe WRietfidod that
arts". DEFINITIONS I n describing and claimng the

B¢ kaminologt usedlihgiein stier e PrORFHY despinbing Pagiyular pnbediments of
tHé ﬁﬁlgh{‘ 12(8)1?1 ag@e un‘é}ﬂt&ﬂieﬁ'&? b? ﬁg{t tnﬁé ili&ss %lgﬁneoc%thg%\liéje\,’vall

rstood
techmcal 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
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.
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the term nol ogy used herein is for the puipose of
descri bing particul ar enbodi nents of the invention

w@nrdog/osaeg i s not intended to be limting. Unl eBGI/AU2007/000108

defined otherwi se, all technical and scientific terns
used herein have the same nmeaping as commonly

under st ood by one havi ng ordlnary skill in the art to
mhlch the invention pertains. "Threaded" as in

“thregded | hﬁl&ﬂ qRas fSa45 M %ﬁfeﬁt & t'I@fp?és@nttlﬂvetnlﬂ@n is intended to
reaction tube ei ng engageg heat exchangers.
idd1ude, ccfntﬁrgumﬁamohﬁgvhmln thercpacing @mwhutbje wiithin e atadpliia baah

or wound t h.t tunnel s of th heat . exc

eXEhaPE ey | @%ﬁ%gw 585 U P 3o FCHIaT RS R ety dnd/or
AbSRs LNl shFa &TRPRES e &MBAsH fRAdSb ek edile the@eaction tube
Feaction tube is reversibly catlvely receiyved in

is hedtacasir o@nesmdzia‘sméfehd teymst hémﬁh randéeresret mey Reysed
exchang ‘snap | ocked, or wound around the heat
18%%%@%ﬁ¥&§”¥ﬁ@ term"tunnel" as used in the context of

the prigseh “heW&IMak Qfed ia thadanaedf tie pmﬂehunheeention is intended to
configurations in which the opening s whol h|n
1efee tova ponfiguratinn ¢fdget Eéﬁb%ﬁ@émelelp ag! eaﬁkﬂlﬁe;ll%%ﬁ
s&?)gtggtl%lyas%m%ﬁﬂas & oﬁl{éy hak Qﬁﬁﬁ5§19§1h1s$|i%§:@@ %ﬁ&ta@iﬂgﬂymﬂlm the

e sur ace © heat exchangers,
Bdaaebyartothdre Fei sreanipie i émqjleferredl elpboilimané e Figares e pair of
conmuni cation.. The

t d
IS PIT moggc};ﬁaﬂbeéga ﬂlgp%i.}@pgtieho eﬂffélr{cgig mnaﬂérot? %ranhenzl¥61 Sc 1 that

{8 fslin'a& SR Phal BE pﬂE&ﬁ@nﬁml tHé/S&iﬂd@ Rfile lbl%ﬁdhdﬁldteﬁ fing.
refer to a con |gurat| on of heat exch angers V\herel n at

| east Thm‘euhe adrapxnt hahgérwinghsn efeicatd ip 1y flpigh paErder stream being

noth t ex t:

A, t ﬁqﬁoc(mgguc&%%ﬁvo uheé Fv%e Sr%ﬁgtgoa i%Pccé & Q}#h%ﬁl tdf the
&ﬁﬁlfn%lﬁseﬂoﬁ plRA B Nre (SBedibiigiighed Yrom plalshung’ ‘iproygdling” or
are provi ded wherein the dianeter of one r|n

Syrbiiee” Hhdid perior HsnmgtionEk FitopREUSHHIT BRardeas Pumping
Eﬂ g%g 8%11?09 tﬁqi‘lgﬁ.ﬁ& }N étﬂn{%ﬂpg Iﬁﬁc@ %lwgﬁ dl‘l)y léﬁoli}ﬁieh %5/91% use of a high-

raw ng
prREQIEPES tsmctﬂae aftiRGIdpwap. rIrecrom'asteaamd:o@mrfgwd nsatvmlcally applied
t hr oug ﬁe conti nuous fl ow tub

b i i e ONEY RSP EGHR VHGBHS PR POBEIS8 F b 8 o
chu%h%dtﬁ&léﬂ:%*bﬁi\ F%\ﬁéﬁt PHSHRE PArpose PSR bldsed in¥tion a pumping

carrier streamthrough the
f@'mé miay @asoﬁé.ldwed trblee avpsitive fpreepind @ stefieefores apngRiiggyforce.

h I f
¥ H@El?}g@llgf & Xﬁlpﬁﬁﬁn%sé}g?ee&rﬁ%%ﬁ hlsvse%l Cﬁn fid 1%%}_}%{1{1 'cgﬁqld&lé(d to be

lﬁ%e GO £@§1§phe@ pakGlire Qb AHiGRY kfeatey Wlhahadtinkbslﬁﬁﬁb Ipmdsthry when the
e use of 'a suction/aspirating/vacuum punp

optricoflaid iy bpmccbawmﬂmua@ﬁhwqrﬁm&w%ﬂw ot aid hpalso be
a‘Elr anes lﬁgﬂ%]& hce don 115\?061@ YoRARES bf fn t%}fecﬁecﬁ}%\ﬁt MR LL P carrier

€ consirde po | ive
ﬁnﬁ&ﬁﬂ@nﬁﬁg suction force a negative force.
Furthernore, for the purposgs of t1 resené d nv
the rdderesl fatmesphsHs PeRsPEE #pug5e herein 1s intended to 1ot odh

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
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:



free froman applied pressure substantially greater

t han at nospheric pressure when the carrier fluid is
whedongs®@e@wn t hrough the continuous fl ow tube. PEI/AU0A000108

may al so be "drawn" through the continuous flow tube

by the effects of gravity (whep certain carrier fluids

are used). The term "atnospheric pressure" as used

herein is intended to refer to an atnospheric pressure

at sup h?enf isal ﬂey Bilv 318 &P 4 thefinodbRBIatdddIing o tHeSnvention;

equi va ent at “di fplaer ent altitudes. However, the
skil | Exgupee:t sorpemipebtiepwrdetsida dewindthe thewnacaeler phavrr indfigure 1;

2 ook L Ao S PR ARt BBty P Rglfportion
MW&@&oxAu%emadeaﬂy enfaged WRAttheofunhdls | nventu on will

now be described, b of exanpl e onl
r ef er Bigsiee 4 &5 qmsméém@wwfﬁ@e esmeayglsr FSIPP‘WthéH‘“Fﬁl Hurer
tg .perspective top view of a thernocycler
I’'ng to the invention; Figure 2 is a perspective
U n d er Sighee ¥ iseawiof sihBart theigme ¥ bueinchidavnthe notkiablerseartying
ure3 is. a top hewof t he thernocycler shown in

FlP“ﬁ‘iFP’emPunté% BW‘?‘?Q}h% BRI BRET8Se 1 eacti on t ube
threagedlye %WQ@%PM%} och@mE YRR e sEd B Edededist sﬁO\afn rotated

perspective Vview her nocycl er shown i nst al
ol (Eppar at us; Figure 5 is a viewsimlar to Figure

4 but _incl uding, the rotatabl e scannin etec
mount VAL OVER VIR HBHE! @fe%ﬁééﬁowmgtg gﬁﬁﬁtﬂnechémﬂeés

Vi ew i gl gl{sg?hﬁsgﬁmgl 1%1:\4\4“{1@ 7t he_scanni ng det ector

shovvn rot at ed rough Figure 7 is a view similar
to Fi figuee mepwspﬁgtltvh@pd\et\ew twh@mmelbsshowlglmtéﬂ@ in PCR

is avie ar, t gur e

sardpbe 0 bpS el ire harhdul S B i

i nst algiggle i misPRIaPRAM @ﬂtH@P@thibpéﬂaﬁlslsﬁ@@ﬁ i BRgdure 9;
exchang er ghoste -out for clarit gure 10 1s a side

vi ew &nou:lh lmca?vlamsandmg FsmMO%ﬁt lmvgle& heguterhggieschenger

r,to Figure but ) o
et e s D P Exghdp g PR O 8 g o
%ﬁ%@ﬂlﬂ?ﬂle ghesdradiofuilg bticah®vaduiend® of Beatidtion ftﬂllfeF o r
and the slot for allowng optical neasurenent of

r eact ifognre hbés a PirgpacEva pndesside perseaeiod Sll}ﬁ‘d’éé]fgsth%l é‘cmmc
Bl By Bt o e dehvote mirer and
t he diRghreil8 i9A pérdpecarnd vissatthatletradpiics: 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
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
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;
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shown in Figure 12; Figure 14 is a perspective view of
the 45 rotating mrror device. Figure 15 is a raster

w0 pagesmssenbl ed from consecutive scans of sanptBaU2007/000108
passing through the reaction tubing; Figure 16 is the
data shown in Figure 15 transforned into a graph of
relative intensity vs turn nithber of the tubing; and
Figure 17 shows DNA nelting curves of sanples anal ysed

w {hyrem) v Cunoes, o ves, excsed e, e eall ot
ik O HRSPQL i of gy ESrik8 IS a side view of apparatus

according to a fifth aspect of the present invention,
showRignrd 20 istaoviéwasinoithrde Fieguze P bytshewdagrble dighis gmpledrawn into

contlnuou t inlet;Figure 19 is a view simlar
thegoprHgRa fv‘btﬁpl gﬁ% Hg the liquid sanple introduced
i Nt OFidige T ERAI N FieRlofhhultemeard yfaratkd. gure 20 is a

viewsimlar to Figure 2 but shovmn the lllgﬁ‘&g sanpl e
dr awn i nt oPRREE BMWMBWT@JBE i BYVE Wi gure

21 i i de.yv . : cor
R
nkdted inakd ?(1dgdmtd?|1@ht edintirical l2at ¢vhatdee rlrrg&f:!/ahdafi réspedtivgs Each
a pair_ of discrete neste er and r right
ll@guﬁwﬁmeis @alupkittof é%eﬁg%{b%%telﬁ ﬁ%@@“&‘ﬁ 12‘/ %‘%%gdisi% The
nfR®E: %11 tglgne'lﬁlay gﬁ §et@ve@h Yb& t'ltSXO 0 lﬁd%én\f@ff ) ﬁyﬁ%ﬁ%ﬁ@ﬁl ation
ongi i na rough its wall. The nunber “of tunnéls
ahayt Joeuieiswe p1cmtrlndt FhEh ﬂlgat'/c‘:@phdm@m\n@ 1 apd Aixadepiedito maintain
R RAILSR 0P S DL, BB R

tahf)& SRENE R RHRakE L ﬁ@ath@rﬁ?xﬁf odlcublend Messhy thefodafof bge or
two tenperature zones. The ternﬁgerature i s mai ntai ned
nusE nepistaat ity anBeloer é@mqs otreBaYYS). i Fhe tREpeigFue Brotdpalong the

{%%%oﬁl Q'fﬁli {? eaﬁg 13%’1\% St g fqi?? 2tlls Fﬁanﬁ%‘xhegiax%dg) 1t1alldf uhonstant

v@fuet |'Ifhe heat 1 exébanger 2 bif ﬂ@She&t @mﬁaﬁgel singminay aisnéd ditided into a
subst anti al | y const ant val ue. %LB gnger]kﬂ]; %nd/ or, out erb
pRiret dispeeteddilesneprchybringsgat vaynal £y RHOgdRES LR e
' g third and/
a%ﬁ;gt@«'i ;O 191&1119%11‘?8 fiﬁ%ﬁﬁ %delrtél{%%@ﬁrglg &‘é{%%% é!élﬁ?@; MGning third and/or
ftmm}m tedipRraudizbher erite tpnpeetues mrws amatyéwpmnalameé at any temperature
eby defi hlrd and/ rt.h te erat
e LRI 1S BREC R i Houo oy MRS ReHbfpity gposen
ftc%gg@&ﬁb'ﬂ‘;@ Bl PC, BUELIRIE 784 dH@WPJ/él 1'11%Ehﬁﬁvé1§1|nﬁgdlments
met hodol ogy they are typically chosen from about

tR6 ermedyoler nﬁ@ﬂﬁ.‘qlu&mdneadnuubw?fﬁﬂlel Hisaearshangers surrounding the outer

al ternati ve enbog
heat exchanger 1or providing 11“[1161 temperature zones.

A reaction tube 4 is threadedly engaged in close fitting relationship with the
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 1 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
such as Teflon, Tefzel or similar material, and the tube is preferably resilient to allow it
to be threaded through the tunnels. Further, the internal surface of the tube 4 should be
hydrophobic, to prevent adherence of sample, its contents or other potential

contaminants.
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the thernocycler may include one or nore further heat
exchangers surroundi ng the outer heat exchanger for

w@e@vioglieny further tenperature zones. A reactiPCI/AUR®7400108

is threadedly engaged in close fitting relationship

with the tunnels 3 thereby to,£onduct heat fromthe

heat exchanger rings 1 and 2 to a fluid in the

reaction tube. The reaction tube is altematingly

t hr eagdggh ddy PHEIL fI6RIBS Bl X€ay 5BACK SesBEctBaBIONhMGally epsbsed
2 such that” a fluid passing through the reactiaon tube
wagiasl thibaplignmras sematipnsol g theHactrenper anduneasesieand 2. The

%% Lcal |y %ﬁ]lalsﬁ [£a¢ Ct 'tR@ n%lgp el‘bhgﬁaé tﬁﬁ%nﬁ)?&rtﬁgout@{;ﬁ?%2 and on the

&Iteﬁ}beﬁﬁphéﬂ’al sadeelni o?-ﬂthe aner 1t11|i@1 1 Wbe fd1ﬁtaﬁd51€5f Eatt“alpl gferably
resilient to allow it togl'l edthrou {;1
roustedizallspigeeshest radills iivpdinaalovs (i paekowre Relipg b avsh that the

&1@99 (e, etam{gt %ﬁl edc Rl emtte fuhey sncen Ahe 3amabe,

ts contents r her potential contam nants. Edch ring
1 andTRe 1eractl1mdtabe alifmaiten anclideand ifler mp@o:tntwéhymgfﬂmds into the

ually o ed reaction. tube a nt for
e @H@@@etgﬁ@em@l i St b AL o R B nlither
§1{&Rﬂﬁt SARSHIY (R RIGESRRIRE iOM thd Gortd W¥eI poRRTve fdﬁ%[a%bm%ﬂﬂ@mp
10 of the outer ring 2 and on the outer peripheral

efﬁg:h mdintainstahftow nharout 1 0200 nTheinftbropal thensactioartebe under a

e oy B e L AL s
&i& St B Bsiaot hdk |aMd Ezid)@ehln\!‘tlntteﬁn&ﬂ%ﬁw@é?ﬁbb%\if 1asRl B &Pl h8wever

of each ring 1 and 2. The reaction tube 4 further
ﬂmt/stdmsalmnopemt@t welbwithperbackpressytee il @aeﬂ@msaae ianpliedghe fluids

N S I

gedanyery device is in the formof a positive

di spl acenent uqR whi ch _mai ntains a flom10tﬁ§
100- 206 Fydsiinredveerigre tigdcrcaian tabsnglidra ?t%be analysed or

B&ﬁ%ﬁ goeglfts Beotevtﬁ matHQ Hﬁel?&s bor. e@ptﬁcgtt azchzgc%f) éthﬂt’ﬁd The carrier

tes‘éure so a at t end o
ﬂ&ﬁbstepalatets lab;em@hado da Iandtigsemlan neavitetefion etfokberninglsaumple3@d

d 70 however the system al so oper at es
qtst?éwhbaeyﬁttésettﬁemawn BE¥Sh daBblee | %@V@Ha iigpically

EihiubA8i dueadiadydienden REasSE lél%@oﬂii(of RIS Ho o Cofthilin&Such as RNA
d' gassi ng or vaporisation of the fluid stream The

biDbHScmnﬂs®Umo%d |nto t he reaction tube i ncl ude a
sanpl e 1 o.

d
P T he ihisnh w1 Rlefl RO RR BRI R BT
eRgmalcidotidk gnﬁe@aﬂ@t@gd@omwh@ldsphéae(damat)y@@dyoﬁldme
reacted from a foll owm ng sampl e and substanti al

pirhnsphate cKRtRndeoxy sumonae twéwselmtd@sT P) ﬂf@xuam@fle
\Mtﬁﬂth%plilla% @eﬁeﬁ% dyat éag SR 161%tsta@f%yDﬁ¥gbt Lyih 1ﬁsé3 'ehzmlatmally

|o ogi cal contam nan
active fragments theteof, an enzymatically active derivative thereof and areverse

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
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;
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or DNA can al so be used. A typical sanple for nucleic
acid anplification may include DNA oligonucleotide

w@riomes®9 deoxyadenosi ne tri phosphate (dATP), PCT/AU2007/000108

deoxycytidine tri phosphate (dCTP), deoxyguanosi ne

tri phosphate (dGIP), deoxythymi dine triphosphate
(dTTP), and at | east one of a thernostable DNA

pol ynmerase, enzymatically active fragnments thereof, an

enZymit(lb)%hée\dn@%ﬂtl‘i@ol‘i’@hhé’l@@t&d&%drﬁ@’é weoﬂﬂlem@mﬁgvs%q&emes in

transcript ase. be appreciated, flow rate,
rel atlﬁ@BNﬁalanqiength of the heat exchanger rings 1
and 2 d/ or t.he.di a the reaction tube 4 can
contro qsﬁ‘éthtei“ﬁgf he sam%landlss mai nt ai ned at the

pr edeThéseithed ste@ﬁ'@l%ﬁ%dzlfe‘a as ltllib aniplplsqrbgresiiety pudpddihrough the
anplification reaction the tine i.s sufficient such
teﬁmelthg zppgy Wikl ﬁgleﬁlteélclt:yeé qE amgk@ca&ogé)@q bggpyachieved. The number

n f Iﬁfﬁhbf? Et ?% %eﬂ B Rl 1g\ﬁ1b‘épmﬂf{5}l§ %ov"ﬁcﬁerdQH% #Pomocycler

ng o gonucleotl e primers
can’p)é mumbmajfynmqhmmeﬁe patssd&sh.hldhlghthadmklgnabengmpdfreisueszones

of new DNA strand These, th st.e are repeated
the sArprEe lfaﬁ‘?lﬁg?le‘ BaniiRLing té%ﬁﬁ@}}cﬁ HighS {“ng feaction tube may

LIRHBELAIE tFORESHIMNTRd 111@11(@?1%&15&{1 id fj‘/}ﬁf‘da ngfa ﬂu01escent dye but can
anplification has been achi eved. Thé number of

herph uﬁfncfalammgldm e pshrdnsogenispubstiatm ak oligoriskeoriderprebes covalently

g ur}llt D OVérg 'tnest he thernocycler i.e. the nunber
P fHEEANPrE passes through the designated

t enperafukither &QBEEMeAsTRE ﬂhefmdcf;fage Mclifdek arEliahed hm ekdﬂﬁngel
chenical reactions in the reaction_tube nay al so

G slp Wi suprevRding the, outes éleﬁ%ﬁ\reb%ndee&é@mmv@lwﬁ?%}n@v o the
]211%;] ?Hﬁgcis ]g ke el%lﬂlmt,u%?enerﬁﬁl ?51) Lthe @ﬁla?%('ie p%art g%cglgngel is typically

nic substra or ofir'gonucl eot

ga Qe‘htuhcythb Ql@@&bk’bﬂarfgleﬂ@lbﬁlﬂéﬁm tir¢cmhfetdngially bmyfntgrtélhpm ature
enbodi ments the thernocycler includes a C shaped

escdtiabrieecy plut JAYWE) aboit ¥ dUfadihy Prikeulgtly @refﬁ‘éﬁ‘ait embeo%tlment the
%%glai tg?sli)ci_%dfa(?«Bulﬁir Y LGy ‘ﬁnﬁ&%ﬁc%f t{hﬁ -ga? ﬂégg le#ﬂaﬁgel such

rcu eren
exe hathgeampl ik ppinpad hly)uMJmetcuZ@mﬁaTdndehEmIrtEBgoee A ofvdingefile.

e st e b et B o St SRS i % a groove
g?sgééea%%é Yac@fo%h?ef ¢ 8t RABEMI XeRngbhe tube 4 is

osed around the outer circunférence of the .
Cs habeailtdma?tveeembmlngerrts shcthetrhetyches ntatyencsladmdt geanging detector

T R T R R —
eaRéRioh iR 4 InSorBebafifitattory) 6OBNE skivePBSEEWRR 5 tH8 the scanning
fdgtcegto? Inc%uhdis g-lgtlglggleeqllllgtel%tmg&(rﬁg? erlll?o?fre (or below) the rings 1 and 2 for
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
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
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In alternative enbodi nents, the thernocycler may
i ncl ude a scanning detector for detecting the marker

w0 e@gesited@and t hus nonitoring the course of thePCEATRG00/000108

occurring in the reaction tube 4. In one
configuration, as best shown iy Figures 5 to 8 the
scanni ng detector includes a rotatable unit 12 nounted
above (or below) the rings 1 and 2 for directly

S ABRLRE. G Berd vikelER Rlafl thmuid RIRNYd 1Al bediitabl. Melt data is
bet ween the heat exchangers, or the formations 7, or

cdilscigd Govea dinshimed ghamet Hembagied on thavstatabdpapiédZheat
g)e(f gg?%g%cagu)l/@g d%é@{gp 1sD}eov9e1ecl {ag%lﬂglg); 2 %ﬁxgp tcrex‘ylgtfn located in the

FoRdtlgl degecttRibbad OAltéﬂnQﬁﬁliy apbwming traesifes &tayebeahadhgﬁbweva any
rings 1 and 2. Four detection channels_ (LED di ode or a

MRS PEPOUR B AL T0n Sy bRaeth&OL Sraml CHeRIST BYitc La

f 1 uor &Hérecl%nﬁgﬂlaBSHML: fdiRk ﬁé‘a@@xélﬁng&eurﬁﬁﬂplluﬁesaﬁ{jmﬁ%lal slot 14
f our channe an acquire data sinmuftaneously
fap)topnedlllyynmmmlrgdhdEmctmcast,ubsuﬁh bes sh®vdioBiesye Hl, enlgchroic mirror

e axi ation the data stre fromthe .
bR D mbuhet 8 ore St b BB gl Snf b BRGNS bR%s
Hﬁ‘ﬁf&eld 1@‘31§p8§éﬂt\bﬁhlﬁ%@ﬂl&r StthdaMeViBEre @Wdé%ét@l'lee&ﬁme of the

data transm ssion woul d be suitable It data is

oe@bmcer:méue fqaomratubﬁﬁnwghgfhe @hlaﬂweqlotzld nidgrscehiggdeterdor directs

?ngté gp? 1‘§>§P0é1g th%?’fls 8@@3%@?@12(:? o%la\%fltéleﬁ gs 1epﬁcste(ﬁ) s 6281 turn of the
dptestiemirends oblipdiiard divgb yurns AhBmibeg-ahibe %hﬁ@nmmyly &eanned and
used. However, any means for power i n‘g t he detector nma

puy

g@hgg:é‘@on fos ,de@gt@p}@p & pasep ﬁl@pug}b}h@ potating hgl.ﬁ b@@qape rEp1ﬂu<)12:/scent

\ i .
SO L5000 B0 B M
tetactbr @it $11.d‘9’ﬁl) Rapliastatish ofthei mirfeir gy veayld, m@;odl Thltisthe tubing

n1rror 15 is axia ted to ope, side,of,
PR ek Faf PGB BS e ok bige; Ghough the

%t%@ﬂ%ﬁt Wedhl Flﬁoﬁ’e%cérﬂ:@%l’éte@ﬁoﬁ b& ¥d 99115068 RYithtiRumination or
etect the course of the reaction in the reaction tube

dhlaw’g&slltgwtealm’wilhnnlsatmn and derieBos ecndi ng det ect or

directs | ent ht alo the.axis of th . ‘o

© her byt angofliy S rRaP el Sy it uind Mrsionsens ient
18RIt atae aafd 16 cckbing @R et for @aﬁﬁﬁghﬁlﬁﬂdﬁhoﬁr hehd mbeber of
can be continuously scanned and each reaction

HEtea it eagh gear is 1‘&?@%@@”@%@1@9 datado Pesigrachig a hugist: shifing the data
58%'&%8 S8 Geu néA{g&g TARGH AN © AR R thE fibe

passes |Chr0|c mrror
dlab&ecte(nbe (snetchS(h oum)mo Ripéa planeatd spanie ctdmmmél'rplmesbghen detects

or, 17 all ows the tuhin to be_conti nuousl
élsaﬁeﬁwéen%é{rﬁaigeéefﬁcv%@mgsﬁn%lasslﬁ heiducy, dbe gata p@l%%\gvﬁégl a

5 lég@lu%h &r 5(9‘&1@51’6@1961 ab&hén(ﬁ?ﬂmle@e}i&{ RBS8886Enerated for that “slug”
Ctl 0 can be si nul FaneOUS with illum nafl on or

dmhaymlwm@n alTheserfatoeescenagrievedt anslreyalechvaatescare dren used to

St sttt Bek b Seh B TR GRE P 8T R B e Bolo e

@6@@&%81&&&&9 BRHGBTablQlatSRMRAES belRPtdbid cat i on. The

n nberTu?l{ing now to the sample port assembly and its use with the continuous flow
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



10

15

30

bytes in each scan is identical allowing the data to
be stored in a buffer, shifting the data down a row as

we@amhn/osmw scan i s added. This creates a dynanm BCT/AHZ®7/000108

of the tube fluorescence, stretched out onto a |linear
pl ane. A separate conputer preocess then detects the
sanpl es by edge detection inmage anaIyS|s t echni ques.
The data points within a sanple "slug" or bolus are

RsH0A@RhboBBEs that hier QRGARGRs keS| FusthS MRS SreabcbRling to the
that "sl'ug" at that cycle nunber. These fluorescence

prsgestt gwan@om@llﬂves s losdingat atmesplhasispressuierish slardard air

g Is;?lﬁd %xt Ey te&é t1 clﬁEéngé ng gl%tl glaa%lg%exgg%ﬁl@%! %ﬁalrgd to

gene so WEVEr an

hegdagyringe age@xmhaappaaufﬁuwm b’a:gsamm/\bd’cal ttbalisdmpleagotip discarded
assenbly and its, use wwth the continuqus fl ow systens
acoysed, tme%ﬂﬂa@%@wmﬁlﬁ ST0SHFeNEREGHAR N ! %Oémtaﬁepum art needle-

%gﬁ;%@g‘igeéti%‘ﬁ ngﬁfhs%ﬁs‘i’% clelifed/ i g&'BEt‘v}%@ Qimbl'qu'eé’no

into a continuous flow co unn Wit hout  the need
Farthqpistibrthatrtouth gfi- pradsmpieemiqjeds t'zeom cqmiactté, roganing there is no

g@ﬁ%@%é&;& th@g%i@%@%@gﬁé@ gtathfeb?tﬁl,, %g %\J[, .’ilsccording to the present

RHvehid 18 palicBlal 1PisBRAB1O PorR@dnSaticRASpRAcANNE BY vRARAIS any
andhas no conponents that wear out (such as septa).

thnmhmiallyt&wgﬂwﬁv labat%@demletSdS‘fﬁme present invention

St anori ARy Tt SORARIE RRP IS obhoBOTR MRl bl pumpine

hﬂ@éj héghepresliey tmehgzh ihespemnsiuy osanpalbeapilvng a suctlon force to the
needl e-syringe injection apparatus, can be eas

e ontlet dnpringshe Suil water Siepmdiongh a@dloa%\@\aﬁ@av tube provides
toe %a%tseédﬁﬁ}a?@& NG AR]eSicEE Bﬁée t‘r‘l%%t@ﬁb@%'&gd fch'in%h pressure

contrast, prior art needlesyringe Injection ap
pusips e, nioeammjmtfmmﬂy; hao sed ﬂ)leltlgb pressmerpijestlonjp@ctm_ blosvever, in an

Further st.i uch.off .| oadi ng techn i s
Ch e shitidishent e A S oSty oR it b e Rt will be

W thrduldB il CRMRGoRM dw tiRtunfie thb effe$s bi* avﬂt;h e port
accordlng to the present invention is particularly

sui t aBhe siagion é@utco applicsl todhpowler obidi ngntluwovs ﬂpwatlubglmam pe

C ci al |Iab £ Iabo ator

ETAREHCRyY Predito b g o le b atip b life 8Y Bis S Bhuignqp flow
ubeshh @ﬂnplbya@mmpmp digesentting hFcnreasﬁpreehpmﬁmg la@famhﬁ of about
continuous flow tube b pply a suction force to

e 1UbiPadata lermete tangHycantiabqusilar e bpeing tlrmgninternal
1%19 ?&9[}%& h(?es (gvlvrc]) iRy BJ’I %‘(’)uttge 3%9(5(5) \{Uj SR, %w&wel it w111 be

ene corrpared 0 pr or ar Vi ces since

BpWetigtehaed tfedlovh k8 1058 5G b LAl P THRSn@AM] dideter of the tube and/or

I mportant| no need for high pressure injectio
Hsrgrade crﬁcml)éné(m thgragpung| of dpea wl@mmeﬁ@bﬂmtt}@é Thefuge could

el ﬁeeglﬁ{/igfulgﬁ%?ﬁagpgo%?@tet Jh%iceto? rdde %!fgﬂ ARG dlb%‘i #télllalbﬁametel

rawn t AtTnuous f Fow tube “un
&he ekitlsd pérs@r il appreciive thatotliconaduonsend ok @ckstoan bberovided

Sy i Dy el e o B L et
Afaidih 5Q0LL APRUSeth@Weh the continuous flow tube.

Preferably the reservoir is open to, or held at atmospheric pressure, thereby
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
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tube to a sinple vacuum punp arrangenent. For exanpl e,
appl ying a vacuum of about 10 to 100 IdPa to a

wQa 2600me87680 | engt h conti nuous fl ow tube havi ng aPdT/AWR007/000108

internal dianmeter provides a flow of between about 50
to 500 nL/m n. However, it vv|II be appreci ated that

the flowrate is proportional!®o the internal dianeter
of the tube and/or the grade of oil and/or the anount

s g R e R S R O R
fRIv BB dthta wRERGi D EQIMAke hRABR fhe thBEinkdtiid $i@chadIds@tihin the

w | reciate that other vacuuns and flow rates can
VioRirp @85@@ gaties epnipingd trothe mesepwin Waen the respippirdatylbincharged

»5’ 'El ﬁﬁd‘%QL }fmt 'T"Ee Lﬁ‘»%‘f E?oﬁgsgé‘ﬂeheﬁg%;n?@%agflf&ﬂ &8 %‘6@&%&0

181’663&6% RAdphiy s&thplerfﬁlﬁie ab®iet Préfeepdna p@tionnf theledn@ituous flow tube
at npspherjc pressur t hereby, providin

a [1] Z e r )
ipfredes fibe ool st that the sosiruions Hey tRlssiglel & disposed at about
th@@édﬁ@ e GERL J8hd Yol ARSIFGEPE el%'ﬂﬁ@le'dsm ﬁgﬁ@gﬁ(joﬁ then the
captively receive a contlnuous However ,
rageralit Brinky cheegenvol flvehdcartitre A egblegiummpaychoes a penstaltm pump,

ted W th engt h, of conduit.such tha
SBielisstthé et i AR Lemmef and oh OB SHECh DR e determined
fligideyoeo@da@ethomt Rt BLaddiigt oofldd RE@rEHit$ tHe8servoir.
continuous flow tube. To ensure that no air is
Adrrnativielid aiweit-tyge euArganteal s1ay Ibswreides for n@uﬁe@éwb@ fluid level.
I—IIOSW nf l % ) an%f\%elilﬁe%t% wﬁf Be gppgé elrilm? ?oe{rh[c” gls §k1ﬁg<? Hﬂh? %gt providing
thﬁ&ﬁé mmmmmegufﬁhlenmyeﬁetmahéd Wwith flwld yalﬁhwt Qtﬁ.ﬁtte\dﬂltﬁahy atmospheric
fluid canier. The tube inlet is preferably
eB8iantial ly vertically configured to receive a
l'i qui ¢
cont e RRERp Ly A% BOMuE AL @B by bRl bSO b Hifuy
;tolsatontﬂgahe apbf asauplefdigpanteuzach as e tipofdipsmieemhsedbove the

t t tr f i ght of | f flu
QAfiials [Reh ke e il The 0o e R HURY FEP e EstbgPIY the
lgcﬁlci’:ﬂlﬁlﬂe ENaoaesh ‘\f{\’ft rofledtibd ufedy u‘?ci saﬁﬁ)lé tal 8Rla8 sPHMs 1 L or as

as a peristaltic punp, supplies the feservoir
ladokhs BDWILd De@niosnrfacdteasion pffecr:tathesiqnanﬁ ligaidriaaipiesdispensed into
re-determned flujd | evel cont{ollln t he rﬂeof,
tﬁ@ Byqmophohi¢ o caipigr sap $télpt1qlll5(ts6h@1ff@ ehaps, dyptionally the tip of the

%ét%rr@ﬁﬁta{n\é &h Xontéct‘%fifh; h@é 195f é e '{‘@){ssg? upﬁl%‘{bé:lﬁﬂno the

mal ntai ni ng the eve
sphe@ng ﬁmmsnuwdslﬂob*etlmp mlaﬁ‘eemd ple)vdnhe fmm ‘Sﬁaﬁmgkalwalyé do the wall of

hgeqe?%f()}}g&“?%/ée?cherg |it h t gﬂl}%élilf &E{l%bé)[ bﬁf@ﬁ{l{“g‘?% ﬁ(r)]\tvl tlibe inlet the
PhERIP NG dCsaly ?esesa%rtﬁen Be tbdted oF@MRoRhdRYet BROm Whe1e it will be
i ntroduced into the continuous flow tube by first

Cb@wnnmto hngpntineousi fiovefubeg bé/ath@ﬁtettzdn sprengenicddadte Q;élyet hk will be

a[pﬁ)P c%atecgwg{ %) %ﬁ?&t/y éf’l Is%uéﬁ lsgf?nﬁgle ﬁﬂeay n{juon ugéjc}:lpllfto Y Loﬂgﬁuous flow
t@beheiald ntdrhads.| TEIiguid 3ambe rhey Mma@aIQQOMffem\t\eMﬁpLes

the liquid sanple may be as small, as 1 nlL or as

Preferably, although not necessarily required, an intervening “wash” fluid is added
between samples. To explain, a preferred sample loading comprises the following
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.
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| arge as 50 nL. Due to surface tension effects the

aqueous liquid sanple dispensed into the hydrophobic
woizbo7aaradder i s substantially spherical in shaper/Au2007/000108

Optionally the tip of the pipette remains in contact

with the sphere of liquid sarTBIe to assist in

manoeuvring the sphere to t HeVGont | nuous flow tube

inlet and prevent it from"falling away" to the wall

of t r VO] [ o

cani g?’ eisnlt%g[et é{%fotnéf P%S%%Eﬁ% ﬁubr? agflll n g{suflthyle% lgf’lé
tlabughpo batosangoll s@stemls [maanelbbodlﬁmm:dsfetﬂe pifefsént |11|n\tent1t)1h1 the sample

inlet fr ere it e drawn into t
PPYL ‘aﬁoﬁlabégéméh g BW% 0? SEent) SHPRIES {20 2 ﬂcﬂwf doses if
1«%(%l witdl} by Ry JPRESSIR 588 pleNBhdnddystedl. ith ¥tHef e1|nb61&{hﬁnts of the
nples” may be 1 ntroduced i nto tthe continuous fl ow
stiuple bt for high throvghma bpplichtiend, a@iuldhtsmfrpbmmys Iﬂewtthbes may
same .or ffer Pref erab
o 0GR 1 Tl BIRLBE e R R aRA o8y il B hey vithin
tidedvbe! WRRenSRHARhAS is dlSo eorfdhigive forroBbef RiiREhsRIMAL Gvhereby a
| oadi ng conprises the follow ng sequence:

rolepdis-sy st @n\Ala%@m@aﬁfp’lhéaW@ﬁ liqeidsamplesdpigrtbeplugatiy of continuous

fié!"&?'fl(bé amlse A eH{C?‘EEvéng he %HQ\% at Soq]ti%o&saﬁ‘év@ butdel ‘ﬂ{as{ mJIUé S
sequence red ntam nati on Si

dpmntsm@rm ﬁf a pdnella&ﬁnﬁglmﬁtbmimtdmym@lemnmmus iflocig@tle tl&leby

" ht " h fl t by.th di
ﬁ%gg@ ppl« Iaﬁr%s@ hig '\Elésel‘ﬁﬂqu%“ 2 Ygr@ partrleS éllgﬁfffd@d
s?&g{ehﬁlglg% hltaﬁlr HESAN tﬁem{ﬁﬂ%dwg) e oRfk &ﬁe%ﬂyaarlﬂoymﬁguhteaah?d

oughput autonmated systens. In an
sempleditorbe Bvemﬂy spmeecbaﬁhem treidnaremtrito and treved &npugl thercontinuous
: e edvvl ura| sequent i al es .
B S Y g i b SRt B itaiioy i it aSRORRE Fonines
1§%‘ EﬁE@e%Wsh@ﬁn ﬁ]\f§b‘§lﬁ%f&' coﬂhﬂlﬂfusle@ﬂib%ﬂﬁeillethd&ﬁ/ defining a
port for high throu hputb@gpl i cations,
p¢1msamatnyfotﬁ Adrntageousty. in B ¢ mﬁawthbéqptri@am@@@ may be
h cont.i nuous flow tube inlets are preferably spaced
(fg Sglrl}lllgarlnglf/ fithin the reservoir. This enbodinent is

al so Ja@ndlteindtivé apettph ttv-presairp kanplanetdingporhiredyidad for use in
robotic system can introduce a plurality of liquid

adH ghyPessswR conimeup Agraysteg. dp thig ﬁ%Heﬁhédj’éﬂ of éw% fbes are
ﬂtlg%ﬁééwh@hta% f‘@&sgé{ BLokeet Q%aﬁro'f @l 1 ?tg{yl'e@ o/deA¥E a rotatable

es nay ner ownstrea par a uratlon
stageo Imone p@shtﬂaorc on¢ bhitho tngheh hsoavpenu&» ¢het dumpaﬁw&:i’@hllstlt]n’ﬂgother is in-

[lel” manifold. In thi i quj
1B AR Pkt Sy R 1 e baont ke
aﬁﬁ@éﬂh@ éjcc;n@aﬁshﬁm@tcﬁﬁfel 51'ﬂ:?ﬁ1§§’Yec@ixJeChV‘l‘1q'iﬁld bddeplk] @kda liquid sample
les to be evenly spaced as they are drawn into and

is icawlecﬂ tltemtag@ghlcttatted swhtthatiuisibe bpen toubeatniaspeare s switehed “in-
b r.e the of cont nuaou
Bise ot SRRy el B BRI Plaifinet Dios PR EbtR g process
1§ tRw rkpdaeabld) [ @il B8 apiresiely tlfil@ﬁh@pdm aang@&enefrovides sample
mani f ol d. Advant ageously, in_this enbodi ment the

ipfredpcdion afpdisRosplly tipang Baaeerl PR geAPEdaYIsys 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
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 vig high-pressure pumping.

However, since vacuum pumps are relatively common and inexpensive laboratory
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In an alternative aspect, a | ow pressure sanple
| oadi ng port is provided for use in a high-pressure

woant7isuous fl ow system In this aspect, a pai PCDMAU2007/000108

spaced tubes are provided which are housed between a

pair of spaced rotatable platfﬁ_to define a rotatable

stage. In one position, one of the tubes is open to

the atnosphere whilst the other is inline with the

%j&gﬁ'tﬂ BRSHCE FARNHOKTy e wp Eé&b@ prd8e hUBQidnBtcets the outlet
en to the atnosphere contalns fluid earner and may

ofcainvigueud flauitebes thepd licar believek ithpsithe eshpisecipted with modifying

| caded t he st [

PRATRRBBrR O S ST G e Pl A it P BB e

kmﬁﬁ@@Mﬁﬁmpble to receive a subsequent [iquid sanple

The process is then repeatable. It w.ll_ be appreciated

t hat Ihine qupqduaxpmaﬂ@mﬁm 1pyq3\t,1paé%51§t@h%g fer any continuous flow

gerz]\%(geoog%%?%tl 1tY1 aasdjfdir@g%z@eb lcPSn Ee%zﬁn}gi@?lé ﬂ?}a ?ag%lgtgg g@ edgg Svith the

mﬁlu&msaﬂl@v\ ﬂeﬁﬁ:es daniseldn POISPilichtion Wb. WB/@l 6558s sAccording

tamnat i on. ) d that th
ROWST O REIS. Rt trepm u e i P el ol sgmples i
g&’m ncfey PF@%&HE tl‘ﬁgfu nebej(gl ?xuf)&s%wa RRRATRHILS abddh aGQHAGSoal heat

orce w | be applied to the outl et
eichhml dlamngmlpm&hf)l ohwliffer] bm ttmp@haawe z«bw;sf [Tihie tgparafuiedzones are
%;l{l.]ﬁesrsxgt hglglugp deﬁ%tﬂfﬁ&lgé?ﬁp@d%usn ' 0 1%2 é)}lentss%ﬁ%cgs annealing of
Mﬁ%ﬁh@]e@ﬁﬂ@ﬁuﬁk% to @b le‘{rﬁlnhélﬁ%ﬁﬁ@ﬂce@nﬂtﬁeﬂﬁié[k@@@dldl &nd synthesis
abor at or yappar at us can rel ativel i‘/q easi |
aﬂaqw pucleis aprdospiagds. aTlsﬂJléqwld)WmRi‘i?&:@OW@lctt eugh the é@ntbwoas flow
ng) Emeglgu bect Eﬁ tgq\évswatl%%mttesﬁ%e%&le% %%‘th{/&ii%' ﬁgﬁ?nﬁlgﬁf a ifified level

bF avplsfGieRhaybédn ddh&vacpp@qﬂltfum@f sdahﬁg pritisRehumber of times the
invention wl]l be relatlvel¥@snall In aqne enboduge
POy B mbﬁ/@ml%al?%ﬂ dgiheaisehangen)a hcsomd simgaisprior art

Eig\q\(\ésq‘l%\éés%?u%g%&g}eeﬂ ﬁchcr‘ chd 8 \1/3\"{11?[1990 foFQthe fluid carrier

a te use he cont 1 nuous
%ﬂxeam tevigede desmmolue d':lowmﬂfé@hdFa,frhigh pedsswn ilectiongport to introduce

03/.016558. .Accor 3/ 016558, a flui.d rner
She e et oy 1o e e Lot o Pl i€ ARG somptex
%@@e ulréq&'iesﬂ%@&%ﬂﬁﬁm@‘xﬁﬁé&%d%kﬁléﬂtdpeih@di?r fil @mtlattbie present
l'ed about a cylindrical heat exchanger having a

piugntidn agyanfagdpisiepends the ngreoluch blgbm é@m eTgsplipment by employing

R s AR o e BRR Bt R, SRR BBl pumpine
o Dhitl ganLs keedn deopst mee@mmoa@ﬂpmmwt ar y sequences :

in the nucleic acid; and synthesis of new nuc]eic acid
stran a?ghelwdppt@gg @ng{%l“és’? qop‘gwﬂqpé ﬂ%wﬁpn{; rae fluid carrier

u%ﬂgédqgﬁﬁela{)f}vﬁetvgﬁeo 1&0@9 IR nﬁﬁ’alﬁp%sge e¥ ﬁébﬁ@nuclew acids
tenper a a cyclicar fas

ures I’n | esi red
Isgateds RINAOTDINAL et lstmhodeo hlfhsmnaalhy pmednt contamination between the

amplificatjon scaling wth. the punbe tines. the
MR TGS OE CRBRET e o BB (P e IAGEer i (he present

EXSNRPY BRI Auid RESRr A WsoSirBlel My BIJsOR thbintain the physical properties of
the liquid sample. The applicant has found that silicone oils are particularly suitable for
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,
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devi ces necessarily require the use of high pressure
punps to force the fluid carrier streamthrough the

woant7isuous fl ow tube and a hi gh pressure injeeCTamw2007/000108
port to introduce the liquid sanples into the fluid
carrier stream This equrpnent is relatively conpl ex,
expensi ve, requires regular ‘ai nt enance and skilled
operators In contrast, the present i nvention

agX1 ﬂf ﬁﬁéﬁfa%geyw Q. oagiggwrﬁ% ]r%?/ }alrb epgtllacgggbggeél‘??igﬁgguld be

uB@ﬂlEésrh el c@rﬁﬁw T dpplibett hih@bo observed that preferred sxhcone oils are

pushi ng/ propel I'i ng/ punping the fluid carrjier strea

thape origh prREide ermerhialduey prcvie thidequidwanpleorfd thase h@wag a density
SY i

S%eH%g§g|@%@g%$§BP'y lé%\é‘d %\%ﬁyaopgx ualteld tHatGAE bl REnsity is

n@OHmaﬁanﬂmkﬁangag extraneous nucl eic acrds such as
RNA or

n chosen to, substanti al
cont S RPOR DGt FSHATS 21 S PP e B AR experiment.
HoR b4 e LS G RALLA ?%ﬁcﬁ;h@svﬁ {Mbge t&'@’ﬁl\éﬁfsed bPrdabRd and reagents

presen |nve tion carrier is also preferably
tc hosead it shaweiabytsés o Itdn:emphi?mf@ablyrth@wemplﬁ ésbofnalyred or reacted is

hat
oo ha e AN S PO DT s O P Ebap R 2 he
shﬁl‘ﬁmrill%lplcél‘lj}eﬁllclwdetoll'ieoﬁchrHO‘ﬁd@ Brifety, décﬁq@déidsirﬁ@fiﬁhd@phate
having a"vi scosity of between about 5 to 50

(dadP), gire@roésmdmwenlmwhatr (dGTH), @)@xaeweérnaﬁ@dlqsabﬁtte f4E&LP),

t
SR A ) R e
wilythabid, ehayneficslly aabr feighenisshgred firan emzwmhmealﬁjo attive derivative

relatively uniformchain |engths. Thus,- ?"> - any oil
theregl Andadierctys HaRssliPlasaind havi ng t hese chai n-1ength

char aﬁk%ohﬁﬁﬁ&ﬁ ﬂ’b@&“{ﬁe he, 191%?2&% sxﬁ)%taﬂtrfﬂllyh Qns%@feﬁt &€silient and

The applicant has al so observed that preferred
fsnhecbﬁme apiihert mageriphbsengihedrophayé teeraalmeubedal For example, a

b th

QERUTES Te e ISt rome 1800 5 B8 o B T AR Pefermed
I%\Lvéveb EheARRNRGHALTRAY hitdlad PEfRinkd deRS §itabR 1ﬁ@tte11a1 which will
limted to this range. Preferably the |I%@Id sanmple is

alomy fteids & l@ﬁdlewnﬁlameﬁn@oh snder ap@p{t@kgwq wfer al#ﬁ Phe internal
%lg@g%fthg?u ég@%kwge a8 1 9% Udes a sanple to be

reagents to be used in the
anal yisinsll 0 apracibiednhat Wgikethabinple pertsdni @eﬁemt herention will be

anal‘ﬁsed or reacted is a nuclejc acid s ch as

wht anhblsdosarptmuoey iy PEEnpmEdt erappﬁ@t%r% |Héeth0d of
I I [

A L g 7 8 e

e dydiaols tratretefid TRk ociaboxsygiean sl m@tharmphesgimisevherein the

{SSTPhpdegu by ding L Phoselale (0. a0 Bluon s
PRENIRL) GRlabl BELIYBC IARAB RSedlien Q@ﬁtanﬁ‘r[htmn loading of a sample
enzymatiically active derivative thereof and a reverse
intaetinigusaisy 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
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
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The continuous flow tube is preferably substantially
transparent, resilient and fornmed froman inert
worbt@rosado havi ng a hydrophobi ¢ i nternal surfacecTRAar007/000108
exanpl e, a continuous flow tube formed from Tefl on or
Tefzel or simlar material is preferred. However the
continuous flow tube can be 8rned of any suitable
material which will allow fluids to be dr awn
her.et hr ough und uct. f f er abl he, .
shoFBr g e Sl Bt 5rinhabie Bhe 6 farigh S stempad Pediguid sample
21ar® bbMintkddued. | TREPAPP ORI ?ﬂﬁe%c& 1%!%11{/01\‘"@ 'f&%nhﬂﬁm%ﬁf%bﬁlymg the
port of the present invention will be particularl
ilgi § wifhéhe BeidgagisnBi Mirngshe 1e@wvmré 1appﬁ¢1ablwonﬁm ed to be open
f pres |nv
t(?ﬁf%aatﬁrﬁgéﬁlel%r{ﬂ Hﬁ%dhc%ﬂ dﬁq ?Fsolggrélxa d1a¥v|;1 E_IFS) Iggﬁztconﬂnuous flow

tibeveby pianitwbt Wh&eSL&HbﬂeﬂkﬂLﬁubx@fozéH RtagpRediosps s@tdtat i on
systens_and |sothernal reacti ons wherein the saml e

f 1 uorsstidneediabovh et rbReytiay i particHsn seitable F a continuous
I 7

e pEYE Pl Ao AL, iYL IR bR 1 0 feutany

shimtthtocau’rmmawngh fiirouglgys t;amjﬂe haaﬂenbejyaebwd slysil&ﬁw @& pically, in

made t.o th IIu atin anpl e port and
(RS T B A S e iy s AT deropf RsLS Tl tube
4R REIRREE mﬁ@héﬁﬁ shgbRS 2tae Lépléﬁxt&ﬂhj %61’[1&%9%&& carrier 3 to
Referring initially to Figure 18, thHe present

PITY@RRONE™LpE eV hféwe@dgauésmplﬁw t epricoram defvicas pjm $trehm of

Q0 Ao B g LGP bR kol o

tlte‘mmugﬁma ﬂm\ﬂtulbé uayisxpdsedvd atheasdoncliapenit Bus ol 1dedvby a
tuQE is preferably fornmed from Tefl on and conpri ses
SHRURGaEEXhARESS Ho W) Waaise 1a i Arpset irateat insentimahquirem of liquid
b r K
%ﬁ?lﬁg 2 ﬁlalit15rfl g glcd'ea &‘?& 13% bE ?fE}&% otugﬁ tlllésc%gﬂ"uggétgsrﬁ%aﬁ Fu%g%f by

apldymgcarwpmoian;dwtoshmmhdﬁt nﬁtttemnumcﬁlts fowiub& by, Her éauide, a
ir.6 is preferably

th
Ve éﬁf‘s W}F&%%Sg%sg@ﬁ%f gﬁi\éﬁ&ua% HORIRE ravtiee Rixgpig of liquids for
a‘P‘UF[ b}@feuﬁwﬁi SIRPA: TR DR Ba% HyQFaB; ctelifd SRt '&H QSwhich is

| ow tube 4 by gravity or when sufficient suctl
pfexfm@blwdqug off iewigarteous hiol il e@ntammadtsse:gsa@dnblahmdesuch as RNA
@ﬁ&)resent invention is particularly suitable for a
i'nuous flow device for the anplification of

nucl Reterafd @SFibilen® doam, MeRescanslr 6?16@&1%9&9%1&&&%! &h’uéﬂly
suited to automated hlghthrou anpl'e handl i ng by

tapskegtliase %ygh%%ltm'qu‘ﬁﬁ Bawltybe 1ph:t 5 h@@@r@mdo@@ma the volume of
AR HLRlidr ?ycogi it édoi#'t e 1%3%5 % a%d‘rii $er 1Qal¥310dug1§g1le|83$ gectewe a liquid

cont1 nuous erein eac

saaaﬂlpl”efﬁmﬂ aboe. sepeirdtOed phyvidedvol satitghing lihd BvaarmRid urier 3.
t .contam nati,on between |iquid sarrpl es 2. In

O preve q
 SEACK I OGUR TEsEVRIRFds 9,1?%13rﬁrB*PSHhquwwwaw%pwmﬁ@pt
slfld\%)ds&ﬁ ra@@ eﬁsthl%c? H:g), %9&1@@6%?\?0410@ Dt THRY' R, (1%1 3 tht1 ough
he cont’i nuou ow tu IS expose

1111@ta1é7t "Rbﬁ@\ft:leﬂ@wrlétaf fid oaveiepd oviveld d4 lwleanned to the pump for
recycling.

Referring now to Figures 18 to 20, the method of the invention comprises firstly
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
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sui tabl e heat exchanger 7. However, in this aspect
present invention the streamof liquid sanples 2 and
wohow7dseaoner 3 may be drawn through the conti RADMAI2007/000108
flow tube 4 by applying a suction force to the outl et
of the continuous flow tube by, for exanple, a
vacuum bottl e type arrangenent 8. The liquid sanple 2
may be a mixture of liquids for a PCR experinent and
I r c SarAple 2
41 00, b Pue U Rl o
dispnegl ined the @rltcam mhA usssubetagtlalt}usﬁhencalm sldase.s Buferalsly the tip 15
Referring to Figure 18
abePipsitr 16 raRarunte Wi direphgr Rk s blep iy asist in

rﬂ%?@‘eugrm % b s‘ﬁﬁél% 't@ﬂl@%%ﬂtﬁﬂt@ﬁ(s tfleRetub8 ittt DardSpr&cERIR H@es “falling

hin the volune of fluid carrier 3 contained in the
ewe@é?rtv the wallssefdhé wsumoelr bc Sinop thewfls glpediflvid eardpringo the

L SRS LTI T i Lo
tiaé 11%1: 4 Re IFESILS YO fon® whredp ﬁﬁh&‘@n aftesispdRtihgoysrfksstobe 4 by the

a purrppénot shown), such as a peristaltic punp,
swppnf@@eﬂ iedaethevdilet 6 with fluid carrier 3 through

| |
B

hevid sampleg Qrfsvid Sthi cmgBO he tdnﬁumehhﬂdwcﬁﬁbd Hehd pwmmt Applicant has
conpr.ises firstl

[ t fl t 4 t
I NI T R AR
@Bgler)cfll'eg 9f theSiald QIS C?o Eg_plﬁﬁet}f@ﬂdl@%aﬁﬂépf‘1stﬁ}§feldbl'5951hcone oil

carrier 3 1s evenly drawn through the conti nuous
fidvomg & uiseosdty of bivepai db@arﬁnbéozensstﬂk%mnd ntdentiycefcbpwi 98 g/cc
he, conti.nuous f

T e teeragouteR e B R RT U Powt dpel R Biytound tha

ARdpHE B@ 'Ilﬁiuﬂ@kaﬁ@!élﬁ tedds WA ak e doitaivellSethE fes@ivoititeand
aqueous e 2 dispensed into the siljcone

b¢d0n® adbes%ﬂgd@dmaher y’a%ﬁaﬁélﬂ@ Bapredi ogiapeed. Prghes kg sphere
%%geltdﬁ 8% gulgldyl 1[]1%& 9 eéaﬁnggpfl% f&%'c@ﬁtlfll.[bug ABLAGDe Wlett% and not be

I N manoeuvr i
tieeBntewa ifto tlﬁd‘@)nﬁﬁﬁkﬁuSrﬂmmbElélow tube inlet 5 and

prevent it from"falling | s, of the
r eser Wefarripg ney ﬁ%glgt‘ﬁ‘e?']e al%‘“é)fisﬁ@ e&f‘b@\fl\selt] 38 é‘&rﬂﬁ%Yld%d i an

Fl@& t&\%ﬁa&?{ﬂ'éﬂ%&ﬂ% f’['h@‘é’al{()lgf% Gubdd @t 18 aferlﬁ)u§&ﬂ?é’tﬁfeé?f a pair of
can then touc éd off into
spniced p&a(lslqﬂatEs tutoadeZiD} afro@mblihsage 30 Ose erthe\mmpit: tnbes 17 is

tg{}g}q%ggé Iygg (T%gsl%gg;fv}/g{ u1§§gﬁa%¥ ét &3%@%@8\@ nfs\%hel oél'l)m tsﬁrélple tube

fll7'~1‘§ ﬁe&t%r 1%!:&{'16 a?hﬁ’lh@‘é%ﬁf)fé XankAsiphetit prRsfes.\oaek 4 jigiil dample 2 is
anples 2 flowi ng through the continuous flow tube 4,

ohaéeqb g dret sl fubahl thedsbel b8 isrthemenditehiedf in e flyyptgtion of the

trglplggltagﬁ?@p@ﬂebg ér%gqcﬁ)lf:w%qﬁ? ggu g% gﬁ'p e f%E)nth%_QSntmuous flow tube
&X Mhaistmpldabd 1 vidpleedatasy s3mipte bef 8 (bl hasgidt beansviathkd “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 simultaneously conducting a plurality of
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
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havi ng a viscosity of between about 5 to 50

centi stokes and a density of about 0.98 g/cc thereby
wonowviodiaag neutral buoyancy to the |iquid sanpbPeTAU20d1®00108

Applicant has found that the sphere of |liquid sanple 2

tends to "fall away" to the s of the reservoir 6

and becone adhered/| odged on the walls if the

incorrect oil is used. Further, if the sphere descends

é:ﬁgswﬂ%@iék%’enc?om&ﬁ 3“ g@ﬂdgatconﬁﬁﬁl atibf 1t89'§fnonzu&)ﬂﬁnuous flow

e entrrel rawn Int
oba titharehisddflnomg 4 Uieallel” Rehidoldi ﬁugtlnsi)wnbodﬂﬁeglﬁm ham,d samples 2

f sanple tubes 17,1 i ded i ,
B IeadRd st e PRR i B E arBloldjoRE ol B8repy allgping the
ﬁzj)tﬁd E@H@%Qz Q&Ba\@%l;asep‘agétcg %sgﬁ?SmQﬁQwﬂ atahhEhad a{r@§g1ﬂ¢9e

e a rotatabl One of the sanple
tanbiesods7flovs twberft iInwthes bmbpéme@tﬁ, Steecdtrayi af ﬁozﬁtmnoas flow tube

carrler 3 froma st th other

pREnieS S ey mstesidp Smgp ?aﬂ%mt(& a SIS Eonsing ?l?s noS p%grlgggﬂes’
RS WefninGC Beifest nthni f1d5 APwEL Be bispré@ad@dn iif embbdiment the
sanpl e tubé 18 the tube 18 is then switched "in-1ine"
bcyuld@tlraple@a ney herleadedisimaliansoutiage 20, thereby

intro he | i [

1 ow u 5 n%plg it agcg)til\lhlgé%?ﬂ% é}‘?ﬁ%m{, i?xgp tga({;lg(sj %&g'lty a@%@%’tﬁie to many

t;ﬁb@oﬂ&nﬁhh(&ts fhoass appa&izttub egparsfbicthe @oi‘tllﬂselt |th1@6r)1y isgbstantive
us avail abl e to receive a suhsequent |d sa

Shangp (e SFINEAEPRAN IE A1 GHOR B 2 ﬁ‘r‘iﬁ‘ﬁ dhics Lﬁgﬁp gpitlet of the
@tﬂ‘m LGS 1N ealfQIIé:U‘lg'l fe&?in@fs 1ﬁ9ﬁﬁbf3ﬂp s dfalvatte HURR $hefethrough

Be pr ovi d for taneously conducting a
pithm ahart “Spustiing’titie éuqmdaﬁuedmamﬂugh ivoehighpsessarhgumping. The suction

ontinuous flo . referabl
FiEs praeaaySherhphou Byd Pt iodin Sumed Bl
I's confupiaéentliffentiOR Will Gowa¥RIeScritRa i@ fatbie @b hedollowing
robotic systemcan introduce a plurality of |iquid
ssampleswhichishould e cpnsideasd inellofesipasitt asillbukative and rupestrictive.
inlets 5. Alternatively, t of conti nuous
fl owt ubes may nerge downstréamin a parall el
EQaihbRUI: a8 driisle Inﬁmoa | (posiiiedy pebturizad wgstdrhow t ube 4
thereby defining a arallel” manifaold. In this
enmbod AFERIPOFtRBE 3SPRf Pgﬂ§meé%lnﬁelﬁl*)él 15 sanelg mJeCtlon without

¥ 165 dsQhd QM&E h th

RHERE i MRORURD S, FOmpeL R R T QR itGh the
slaaceehthemttheyqt&oes mhrmﬂmbiaakmgaxpdntﬂneaﬂ@w of hﬂ,caméhVItﬁn?elt

onti nuous flow tub I n ot her

PEyCEe Lot BT BB ‘&Smeﬁb S‘néﬂ%ﬁsﬁé thét ’&@O“am to wash

dRSHE ‘éﬁ&'bht@itd@ R 1] BFAIBsCHY bﬂ%%tﬁeh@ﬂyeétlﬂfﬁ@saﬁ Xs@ followed by a
series, thereby defining a "series'" manif

kﬁla*tlmpg maeh s‘raper or ¢xautpid, 9 stalos sm@rlmeetdi@lmmgﬁ@ @mﬂ@n@é is
e I 0
ot LRSS TURLARRR SN RSB AEfes, msrnt
Hlﬁeﬁiﬁﬂyolhﬁﬁ@%tl@fne@ﬁlﬁﬁé Bleadsthih v apfae adluse téAﬁﬁmﬁmie’ om
the port itself, the only substantive change to_these
exieminagionp bathesaiemberlimpats Hreotend yolmeokihe prasie B@ppex 8 uL

talgd tsg Ep ?Ut l‘jep samptle 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
with milliQ water and a sample is loaded into the needle as follows:

1) Load 2 pL oil

2) Load 5§ pLL sample
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continuous flow tube, if gravity feeding is
insufficient, to draw the fluids therethrough rather

woOheor/08peshi ng” the liquid streamthrough via PCT/AU2007/000108

hi gh- pressure punpi ng. The suction force, where

required, can be supplied by 2 standard vacuum punp or
the like. The present invention will now be descri bed
with reference to the foll owi ng exanpl es which should

be copsi de [ I «QSi¢d rative and
non-restri g?gggﬁts%@gﬂee@gn%%&%:w%glnpl e injection
(posi4) vel yosur 2abWil zed system) An inportant aspect of
the present invention is sanple injection w

hout .
cont aRilaaldaded frpmea statigdubgiboiveyer; Bl Aative sn@o@@wrsaane oil
i I‘;hag%etl.{ggél Eooéﬁzingtg HRUGR 1 5L I SWhEE b BIAS Wash BB the outside
aqueous sanpl e breaking up 1n the flow of olil, and
v thbaeddld.| uor escence from one sanpl e contam nating the
next. In practice it is inportant. to wash the inside
and odk si dbowt S phan@iths lopdivg Pertaditheisisiye, t hen
| nj ecg) t heR%ﬁ‘lWé eedl 1'!)191%&&%@5}” urther wash step.

For exanpl e, a Stainless steel needl e having 300 nmm

| ength) i s porRineedlofvith ICASLr whiet iccdedisiasidannd owtsids efithe needle.
to collect and | oad sanples. Preferably the internal

vol und® of Mrit hedeIseonds greater than the sanple vol une

to mp{mze .contham natt nA. ¥ ijyents the
intergjal % I}Ja&nﬁbg*rﬂ &ﬁt\éﬁlﬁ@ew tgl lﬁgbe%gé&gg@ﬁ and so up
to a poyk sed1pl &308stohgs safel y | oaded wi thout the

sanpl e being drawn out the back of the needle and into
the syl ng&epedtrlel . The | oading syringe systemis

ﬁ%glgﬁl% 2WHI£&1—21'L1¥€! ';Ilg &ﬁ‘f@h&rﬁf %gct%nstﬁﬂpl gi : 82|) Oﬁg:g i5ntm?

sanpl Baferteetis mutlsicdéigake IHeddble puwivides Awattarintagbbssembled from

4) Load 2 mL oil G is.|oaded froma. stat.ic tube o
ROREPEIVE SERPSALEamRiL PosingdBotEndi SediovBhpEpfitigpntal line, n
W%%ﬁbﬁudf%gnée% & di il Linb REsACREY L AE dbASty, repRdselits each scan.
bu er” wash of

of the outside of the needle. 5) Load 8
ffhe hntobersva tho Bijurgidpuify toke sémpley srosing thiougk thesbing. Only the

eedl e from|padin ort.. .7). Pur n e w

Ve G OB B R o s Aol B A0 nas

Wéidlopea: 30 seconds 9) Inject 20 mL of MII1iQ water

into the |oading port. 10) Wait 15-30 ,seconds, . ) )
The data show 1n 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

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

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

Example 4:  Atmospheric pressure sample port (“‘zero contamination” sample injector)
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11) Repeat 1) Exanple 2 : Real-tinme nonitoring of
Reaction tube Reference is nade to Figure 15 which

wonowvicde®oa raster inmage assenbl ed from consecBCTM&2007/000108

scans of sanpl es passing through the reaction tubing.
A horizontal line, in which flyorescence I's indicated
by i ncreased greyscale denS|ty represents each scan.
The nunbers on the Figure identify three sanples
movi ngrsk B GG d g 1
t ubi ng Sar ems%hgnv\}?ﬁ) Tbe% I{JEHB Plrfqa?éﬁetxrg]zemg?lll Jl})oérsgd\g{céﬁq&%d%fmh()d for
bhﬁammapbmfteasaﬂpiﬁeippheailollﬁb ewedi&ls dhesimew{ istanfard ypipette Sips for
can be transfornmed to Fl r. 6, in which relati
ipasngich SRPIEHET Cat it ST e iac o mated Pt g Scarded after
Qﬁﬁp@@Pﬁﬁ@ﬁ@ﬁ tubi ng. The data shown in Figure 16
l'ows” a kinetic analysis of fluorescent changes in
sarrpl eTbe p@mshentgn“q decoudarte totsprgesnt twention whs Buidly engaged to ETFE

@ﬁ{z%lg g)elgusf ggw%“bm% ggv&)pg )gz %%%4?18%%1 %e %ﬁ'tgzeditemal diameter

af 1 erm@ta@dsafg@lh 8pprok. 1358, SHRoand Wab tedel Abviad aR@nilar density to
enpl at e. npl e 3: DNA nelt-detection studies

R@feé raé%ééen%st%éflqceSlm gtigoll was gpfificiens ioolesw threughnihe tubing
?F%& the fFt /65 1851 j%ﬁ;{hg% % eﬁsé? (W Hglﬁ g)vrfpen%ﬁ mectlon port was

ose curves resno

bepok adoecrh Mgh%ﬁﬂﬂﬁ&h@éﬁﬁ&@df ﬂh@ cbiendons asRaliel. . Whbe silicon oil with
tenperature at which the product nelts can be used as

& SHRHg: PEpSiBHoREr Mtﬁsioawmlétpk@ﬁ EHOpIEC ap e vq@agm of 20 kPa
RERRar P bEREp e PR i ol TRRMRE Do R Bl R O

san‘pl €opghérciaf PCRGOLﬂfe%S@daItTAQ\S%[E $L$?iﬁh@cnﬁﬁhﬁﬁqgazﬂsurfactant This
nproved net hod for  cont am nati on ee sa

é‘ﬂ&qt'@ét:?‘@ﬁs BN Avke miggatetfrpa %@QBFO@P&MMPEE%% ghasg during the
&Jss ' Rhﬁxg‘hg ggsﬁlbg at?@ﬁ%laﬁ\éé pﬁk c%ﬂﬁ]%lg Feafts 'irl é’ongatmmatmn n

sterl i sed I'scar ded
senpigeti eppiniptatn dout :m eycs’.«amﬂee tlmqrolsltlae ¢ioe. diing rhidlidole This level

esent, i nventi on was ed to ET Tefz
R R IBHEOR 1ot Cete T oy Pk, SPROER o S EaIsR gh 2ifion level
mmgygﬁ@gtﬁglls diggriger of 1.6 nmand | ength approx. 15
m Silicon oil was trailed having a simlar density to

vvat er Ilan deuage ﬁcu otesResneits easbisampleTsdoaded afigs a purge with
Iowthrough t he tubi ng under the

81‘1 %PSS? Wy and the oil flowed at 100 ni/m n

vvhen t151e | njog@ b aNwAREt Was approx. 50 cm higher than

the outlet of the continuous flow tube. Wen silicon

oil wi2dh awadﬁlpdrsmimismy to water and a 50

centi Soke VI S ?sny was trailed a vacuum of 20 kPa

needed’/t o l'ied to the tube outlet to achieve a

200 ”@yrﬂlj%cﬁil@i%l%aia%l samples in between every PCR reaction sample (i.e.
“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>0 — positive -H>O — negative — H,O — 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
will be appreciated by those skilled in the art that the invention may be embodied in

many other forms.
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Commercial PCR buffers and TAQ s are supplied
including a surfactant. This surfactant causes DNA to

wongr7aseIbr om t he aqueous phase to the oil phaseTAwROITY00108

the flow process. Running positive and negati ve PCR
controls results in contan1nagkon in the negatlve

sanpl e in about 20 cycles aftéer the positive (i. 1
inamllion). This |level of contam nation is not

. @ble for PCR applications as typically a 1 in a
billton |level of anplification is achieved. In a

separate set of experinents each sanple was | oaded

fte I o
21_ V\étt@err&;lé% a}tngp ﬁﬂ{pﬁl\gf&lﬁy\ggﬁﬁe egl-{ 9@’?(0 ﬁeﬁ)@g 11%ﬁaendently
paireainiap erpredeti@aiesed enipetaee theeskarty defihe aeazmd:Spondmg plurality of
sanple (i.e. " h" f1 uid) nt am nati.on was
e 285 SHA PRCSSPEES SARGH & TeRsir® ARICHPR gpegpch that said
chetién Rbd Mn%eﬂﬁgﬁkf&%oﬁﬂﬂﬁk&tlbﬁ @Jlth";@ﬁi HedPeXBaficbrs, \%161 eby a

cycles. The sanples injected were H O positive -
ﬂnefbaasssm@ throughOn reapioei tube engaged eiith)saidTtest efchprgerpeses
en each sanpl e provides a contam nation

FRUERR PR F EmERS RN b Pl Pon’ Al though t he
2NV eAtrhaRoeSarkgieRimdesfiddieseiit f PCRf @ITETR Gorhitht using the
specific exanples, it will be appreciated by t hose
dhermpelar devise agearding e cleie Li nvent i on may be enbodi ed

n o .
'3 nRr}MetH(gcpgf p 9orl n%% cyéc acill ﬂ%ﬁ?&l@%ﬁ&kq{sm tpe trhermocyclel

nprisi ng 88t el eXCc ers
ldav:ie@md&mgu)cﬂmml aining a pr edet erm ned tenperature

t herehy to define a corres dlng plurality of
flenperatiitee 39A@EPAEH upinece %\se%%ﬁead; ocﬁi)%a to

Kecei Wesath tpﬁee?&rt Qs mrr}%;’f%lﬁrﬂ@%f E} ﬁhgldrsgﬁ%ié ﬁ’iﬁ% 5 HBR carrier

is in hea ansfer co Ication wth sai
stxcﬂmaﬂg*@rrg thiwligheppntinidusifldwotabs hagng lm outdgt and neamtmaninlet into

t h .
ST SRt e s Y 2 P BRREEA, i s
Qbmp Hﬁh%fayﬂe&ﬁvﬁr RotCdoBitifudBlybubplythgRER Blet WHR dapt ﬂﬁﬂ camel said
usin e thernocycl er device according to claim1

pesméfton gdapred Efemiawml agubstaniiel g iconsdant devieb pf fleidiceniar @hove said
?rﬁg’t}ymdﬂ%lncﬁgl gaégetclgl% Re Qﬁ% fle é%?é’a{l& goﬁhn%co) 9 t'/ln\% tul())e q({lcﬁ‘ that in use,

gerd’ prepared usin
agid flugt egrigrstebmi andkaidliquidl Seaifié erepiiwn tlRbudndai ® cbitindgus flow
a volunme of a liquid sanple_ into a fluid carrier ) )
tube when said reservoir is at substantially atmospheric pressure and when said fluid
carrier is chosen such that its properties are sufficient to maintain the physical shape of

the liquid sample introduced into said carrier.

6. A sample port according to claim 5, wherein the liquid sample is an aqueous
sample.

7. A sample port according to claim 5 or claim 6, wherein the carrier fluid is a
hydrophobic liquid.

8. A sample port according to claim 7, wherein the hydrophobic liquid is an oil.
9. A sample port according to claim 8, wherein the oil is a silicon oil or a silicon-
based oil.

10. 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
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stream fl owi ng through a conti nuous fl ow tube havi ng

an outlet and a common inlet into which said carrier
woebtkowasT@and said |iquid sanple are both introdBCEBAU2007/000108

said port conprising: a reservoir for continuously

supplying said inlet with said fluid earner, said

reservoir adapted to mai ntai - a substantlally const ant

| evel of fluid carrier above said inlet and fluidly

d 1 i t W let of

BRSNS b Bhtte poiELodtlipRR ERS, NOIORY Encog Ml said inlet o
samll whntingpris dlowambb evithrseiddesammoit;intoodyivirepdatt Goidtdarrieo irgo said

fl ow.tube when.said rvoir .is af stantially. .
e oG eSE ERG stRbls 1 R o s i canie
SheecH Hahit Bl%eﬁﬁ a&rs‘aﬁi“cﬁéﬁt@@nﬁﬁﬁaﬁléﬁé pl%}sﬁ‘él sﬁage of the liquid

mai ntai n the physi cal shape of the |iquid

sempleodcuch that snid ﬁunﬂ @aiestreans anaksrsérh;quei q@@mle ale drawn through

sgldic 8u§&%§ rFEc]W Jtu%e thh S eir:s%1v06rt 1? %5 bg%é&g%lz)?g&ogplguc Rgessure.
ar claneiod foheredacihhe veRinid &fa liduid Sarhle antodhi@ babie£stream
I iquid. S. A sanple port according to claim?7, wherein
fioyang ﬁapkbgjh@w&lnw%ﬁ@w itupediavigie|an aylepangimearamg inlet into which
SR UL GRER, D08 St 0R i
tho ktepssoﬂofnomdmg gipdrt sacmpliag itmtiaina 5§ fluidty ﬁgagmgrsasltmke&nﬂ said

flaow n hr o conti nuaus fl ow, t ube havi ng, an .
C@Bflpltlﬁlgaﬁ? %g&ﬁﬁil]t?ﬁ RPRYOL s {fiAO ?Il:ghsaédaﬁw chg}qrér}to said
1§§eﬁ"@&m1ﬁﬁ{&§ﬁé g 1ighAkag p%eﬁs&ﬁ@to@@ﬂirﬂdﬂkﬁﬂw 6&fained in said
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