WO 2009/ 019453PCT1(GB20081002630 1 Sanpl e Processor The present
invention relates to a device for processing sanples, in particular
clinical ¥anploegi9uss preparation for analysis, for 5 i nBCHABZHY2MEaNS
of a nucleic acid anplification nethod, in particular the polynerase
chain reaction (PCR), as well as novel elenments and procedures which
may be utilised in such devices. The analysis of fluid sanples, for
exanple clinical or 10 environnental sanples, may be conducted for
several reasons. One current area of imterest is the devel opnent of a
nmet hod for positively |dent|fy|ng Eogc material in a fluid
sanple, for exanple a clinical nV|ronnenfaI sanple. Such a nethod
woul d allom/for early diagnosis of disease states, which in turn
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platformand a noveabl e arm which can be raised and 25 I owered. Te

platformis provided with chanbers fo hou5| t £ and
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15 enable rapid treatment and infection control, or the
identification of environmental contaminants and the like. There
are many technigues by which very sensitive analysis of samples
can be carried out including for example nucleic acid

amplification techniques such as the polymerase chain reaction

20 {PCR) .

Tnternational patent application WO 2005/019836 discloses an
apparatus for processing a fluid sample which comprises a
rotatable platform and a moveable arm which can be raised and

25 lowered. Te platform is provided with chambers for housing the
sample and reagents. Components such as a cutter, heater, optical
detector, sonicator, magnet and sheath are housed in the platform
and may be releasably attached to the arm for movement relative
to the chambers. The components are used to move the sample _

30 and/or reagent between chambers (such as magnets and sheaths), to
pierce the seal of chambers (such as cutters) and to carry cut
physical processes on the content of the chambers (such as

heaters and sonicators).



2 Exanpl es of sheaths for magnets useful in transferring magnetic
beads or particles and thus any reagents attached thereto are

descri bed WQROUERHMF e i n W2005/019836. 5 If desired aPSHCBHUELEEH ng
conponents such as heaters, sonicators etc. which may be required to
treat reagents or reagent m xtures to ensure that they are in a
desired physical state and any time during the procedure, may al so be
renoveabl y 10 housed on the apparatus. \Wiere conponents such as

soni cators or heaters are fitted to th2 apparatus in this way, they
are generally intended for repeated use and for inmmersion with a
sanple, in particular a liquid 15 sanple within a chanmber. This in
itsel f, mapxewniss sbridepEbb|iomsnagietparsflel ofr FTABFEGIRO SEAFE evi ce
in such a wayad hat phiciCOBESaridntBudliah@Ctesment @cictubhdy ahsasmpl exdi quid

brings the risk of contam nati,o f i me, these conmponents nmay
becone soi Idéﬁcﬁrbefia??ﬁfﬁ ?Pet ﬁﬁgwcfz;aérg/e%lgggr%'the ri sk of such

contam fation. A first aspect of the invention provides an integral

magnet a“d_z@eﬁéﬂreﬁleéd&e,- o25:ckk 5q haspdheradyadit agenddrakswhere the
apparatus includes both a magnet to facjlitate repoval of beads or

particl es FPBMFDIRE ScRETDHERLHD "N RhEPIH e d? e Rhy " BEPRE ¥ por at ed
i nto the nagagéntsaikbatest he sanee eireneriieyaye fidd ki Hedioted Phusdtdbns.

state and any time during the procedure, may also be removeably

10 housed on the apparatus.

Where components such as sonicators or heaters are fitted to the
apparatus in this way, they are generally intended for repeated
use and for immersion with a sample, in particular a liguid

15 sample within a chambex.

This in itself, may cause some problems as the use of a non-
disposable device in such a way that it cemes into direct contact
with a sample ligquid brings the risk of contamination. Ovar

20 time, these components may become soiled or tarnished, thus

increasing the risk of such contamination.

A first aspect of the invention provides an integral magnet and

heater device.

25
This has the advantage that where the apparatus includes both a
magnet to facllitate removal of beads or particles from one
chamber to another, a heater may be incorporated into the magnet
so that the same element may fulfil both functions.

30

In one embodiment, the integral magnet and heater device

comprises a heating element and a magnet.



30 In one enbodi nent, the integral magnet and heater device conprises
a heating elenent and a magnet. WO 2009/ 019453PCT/ GB2008/ 002630 3
The heat i NP HI¥MEHE3 nay be a resistive device, for exaBRpl/EBYUS002630
cartridge heater which typically conprises resistive wires enbedded
inathermally insulating material. 5 The integral nmagnet and heater
device may further conprise a tenperature sensor. The device may
further conprise a tenperature control by which the device can be
set. In a preferred enbodi nent, the device is an eIongate body and 10

wherein the magnet is_|ocated on onge en th at.e.Rody. The
magnet nayTHe hIEGEJa‘:Egeﬁ ﬁen&nﬁabé%g of “Thé 3 %r?&a%%eebggg ?er nativel y,
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el ement . XA ene et { NG.s6h SORRL Sa¥@Mabe i ncorporated into a
core of a %ml!:q{r?ggnet and 1 hi sirrra; be used both for the transport of

beads or particles, or the heating of vessel or chanber contents.
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‘magnet is a pernmanent nagnet I n any of
t he enbodi nremlsvldésmhlbbdt@bév‘élcet Kerift é§Fal nagnet and heat er
device may be used both for the transport of beads or 25 particles,

or the heating of vessel contents, JLn thaL Lnsi|ncga any
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above.  Sucly,goghled, 0, ganatihenl ehs o Bt aridicLigicaspasi. of {he
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di ssol uti onnef ndLageNd1meh®, faci litate the desorption of conpounds
bound to the surface of magnetic particles, (in particular, nucleic
aci ds) ;

) 15 For example, heating elements may be incorporated into a core of

a bar magnet and this may be used both for the transport of beads

or particles, or the heating of vessel or chamber contents.

The magnet is chosen which has a field strength which remains
70 effective up to at least 100°C, which is sufficient for agqueous

teactions. Preferably the magnet is a permanent magnet.

In any of the embodiments described above, the integral magnet
and heater device may be used both for the transport of beads or

25 particles, or the heating of vessel ox chamber contents.

Tn that instance, any disposable sheath utilised to cover the
magnet when it is deployed in the apparatus is suitably of a heat
conducting polymer as described above. Such combined

30 magnet/heaters form a further aspect of the invention and may be
used, for example, to expedite solvent evaporation from retained
magnetic particles; to heat liquids to aid dissolution of
reagents; to facilitate the desorption of compounds bound to the

surface of magnetic particles, (in particular, nucleic acids};



4 for degassing of liquids; or to effect or assist the lysis of
cellular material, e.g. to release nucleic acids. A second aspect
of the i nVERRIBHIBIOVi des apparatus for sanple 5 prepatal/Harigpozese
anal ysis, the apparatus conprising: one or nore reagents or sanple
chanbers an integral nagnet and heater device which is novable
relative to the one or nore reagent or sanple chanbers. 10 The
apparatus nmay conprise a cartridge conprising a body section adapted
to hold a seal ed sanpl e vessel; and apparatus adapted to receive said
cartridge. Athird ect, of the present inventiqn provide

appar atus foF T¥E5HY eoafis)rgle éfiﬁfi%rn%é’reﬁ%ézlty%’f sa,ssfﬁ%%ﬁ‘ﬁp £ Su§§
conpri si ng:cedivel pr nrbeE aleagant torredanpd avchahbercsda. r eusabl e
processi ng component and a sheath adapted to cover the reusable
processi ng _conponent during use. 20 The appl.icants have found t hat
the risk of* SBMUNPHBEFOAT DY T epEHhtEa" RE 0F*S FRAEADI% Tt EBEST ng
conponent gapspbentiioni o z2e@dlimispl aod pgparssdweatdnprabiedr i s di sposabl e,

over the procesghggjrc%gpgr}%ﬁgelp&f 8%%#@%.&1{&8@9 cular, where a
eat er

processi ng 25 conponent such”as a is used repeatedly during a
particul ar cheniPBalntesrat Hegnehlangr RrREGEr eeorceasilyd), 1a #E#PH: sposabl e
sheath is suitable/ tapphd @de Ot @36d RGGETE Q. sample chambers.

10 The apparatus may comprise a cartridge comprising a body section
adapted to hold a sealed sample vessel; and apparatus adapted to

receive said cartridge.

A third aspect oi the present invention provides apparatus for
15 sample preparation or analysis, the apparatus comprising:
one or more reagent or sample chambers
a reusable processing component
and a sheath adapted to cover the reusable processing
component during use.
20
The appiicants have found that the risk of contamination by
repeated use of a reusable processing component can be minimized
by placing a sheath, which is disposable, over the processing
compenent before use. In particular, where a processing
25 component such as a heater is used repeatedly during a particular
chemical, biochemical procedure or assay, a new disposable sheath

is suitably applied on each occasion.

The apparatus may comprise a cartridge comprising a body section
30 adapted to hold a sealed sample vessel; and apparatus adapted to

receive sald cartridge.



The apparatus may conprise a cartridge conprising a body section 30
adapted to hold a seal ed sanpl e vessel; and apparatus adapted to
recei ve saV@2@&P19i3dge. WO 20091019453PCT/ GB2008/ 002686T/5B28HERIHs
of this type are suitably renoveably cartridge housing the one or
nore reagent simlar manner to the nechanical elenents described
above, so that they are readily available and can be accessed and 5
positioned using the armin a simlar fashion. Thus, for exanple, the
sheath may be provided with a lip or f§ange, able to interact with a

fork on the noveable armof the a rat us_an I, f LNt o sition
around t heSHade8seT Mg 8 oFSnent ° g%e%e%%%?"f%% k%%?’géri n‘}J‘s‘é?Qt hey may
be returnedatirithe wasing dye fwy odi mpmsapagantdPs prsede ofregPrEC Py

The sheat h. g sui haly mRdS.cOfehaBlast isdsnattschiassaBeai mobs, mat erial,
and where théy are intended for use_in conﬁl‘unction vvi%h reusabl e

heaters, tHest aheypyeef epabily mrde2Bhe £7ChEr el §oEBIRE ti%hg pl astic,
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interaet with a fork on the moveable arm of the apparatus and
1ifted into position around the processing component as
necessary.
10

After use, they may be returned to the cartridge for disposal ox

disposed of directly.

The sheath is suitably made of a plastics or elastomeric

15 material, and where they are intended for use in conjunction with
reusable heaters, they are preferably made of a thermally
conducting plastic, for example plastic filled with boron nitride
or a commercially available “cool polymer” material, so as to
minimize any loses in heater efficiency.

20
A fourth aspect of the present invention provides a sheath
adapted to cover a reusable processing component of an apparatus

during use. Such sheaths form a further aspect of the invention.

75 Where heaters are provided in the apparatus, they suitably
incorporate temperature sensors, so that the temperature of a
reagent or sample in which they are immersed can be determined.
When a sheath as described above is used, some calibration of the
apparatus will be necessary to ensure that these readings are

30 accurate.

A suitable calibration method for calibrating the heater when
used in combination with a sheath comprises the steps of

immersing the sheath containing the heater in a liquid bath (e.q.



20 A fourth aspect of the present invention provides a sheath adapted
to cover a reusabl e processing conponent of an apparatus during use.
Such shea&20HPIHF furt her aspect of the invention. 2BCVHBRESHREYer s
are provided in the apparatus, they suitably incorporate tenperature
sensors, so that the tenperature of a reagent or sanple in which they
are imersed can be determ ned. Wen a sheath as descri bed above is
used, sone calibration of the apparatus will be necessary to ensure
that these readings are 30 accurate. A suitable calibration nethod

for calibralingphhe Reaialy when specaivreCorhimRahbreri tdecadstieat h

conprises the steps of 1 mrersi he sheat Qnt ai.nin heater in
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the liquid bath to provide calibration data. The data can be used to

create a calibration file that is eithe .i flware ;as an
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heat sensor, A&L@a{?@rtteim%!él:@ﬂ’ur%gb&_dit@e%ﬁk wher£ dafiRermppasatisant idnudes
both a magnet to tacilitate renoval of beads or particles from one

chambed0t o faRotfeFionprlFe ATt Ty e PR’ porated into the magnet

In a particular embodiment, where the apparatus includes both a
magnet to facilitate removal of keads or particles from one
chamber to another, a heater may be incorporated into the magnet
15 so that the same element may fulfil both functions. For
example, heating elements may be incorporated into a core cof a
bar magnet and this may be used both for the transport of beads

or particles, or the heating of vaessel or chamber contents.

20 in that instance, any disposabie sheath utilised to cover the
magnet when it is deployed in the apparatus is suitably of a heat
conducting polymer as described above. Such combined

magnet/heaters form a further aspect of the invention.

25 The cartridge also suitably contains further elements which are
useful in the subseguent procedures to which the sample are

required to be subjected.

Such further elements may include one or more reagent chambers
30 for holding reagents or materials required to continue the
analysis of the sample. These reagents or materials, which
include wash solutions, diluents or buffers as well as reagents
used in the subsequent procedure, are suitably predispensed into

the reagent chambers.



15 so that the same elenent may fulfil both functions. For exanple,
heati ng el enents may be incorporated into a core of a bar magnet and
this may B¥OUSYEFth for the transport of beads or paP¢TEBHESAWE3YL he
heati ng of vessel or chanber contents. 20 In that instance, any

di sposabl e sheath utilised to cover the magnet when it is deployed in
the apparatus is suitably of a heat conducting polyner as descri bed
above. Such conbi ned magnet/ heaters fonﬁ1a further aspect of the
invention. 25 The cartridge al so suitably contains further el enents
whi ch are useful in the subsequent procedures to which the sanple are

required towl%esﬁbiseq_h@glveguggnﬁl‘ér E%&r@k?&@mfgr r@éémb@&'%d@x%tor
nore reagent chanbers fo | ding reagents or materials required
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whi ch i ncl uﬁ&gwas@ @ uhdlore, 1giilsuesignar bif feRasplas ceddroaBid eagent s
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the cartridge. However, the range of possible reagents is very Iarge
and they wiPf H98SERlccCERIPHA A5 "CATel T c AR THEYsT L B ReHarHes 6f the
nat ure of theisehep eale”obadlisochamingahg ro@ache Ofatofe ATALNS | cheff cS SRY
to which thﬁﬁé% ”Rgggﬂ %egé%gdgcggcgna%951s or assay to which the sample is

subjected.

15

The reagents may be present in solid or liguid form. When they

are predispensed in solid form, these may be as a solid powder,

bead, capsule or pressed tablet form, or they may be adhered to

magnetic particles or beads, such as silica beads as is well

20 known in the art.

Reagent chambers containing predispensed reagents are suitably
sealed for example using foll seals which may be pilercable within
the apparatus using cutters. These may be integral with the

25 apparatus, but in a particularly preferred embodiment, a cutter
is removeably housed in the cartridge, for example within an
appropriately shaped recess or aperture in the body section, so
that it is avallable for use in relation to the particular
chemical or biochemical reaction, analysis or assay being carried

30 out.

Other mechanical elements in addition to the cutter, in :
particular those which may be of a disposable nature, which are

useful in or otherwise facilitate further chemical or biochemical



The reagents may be present in solid or liquid foini. Wen they are
predi spensed in solid foinl, these may be as a solid powder, bead,
capsul e oWQRrWEEWAS3} abl et form or they may be adher ed PEHGHAYRBG26H
particles or beads, such as silica beads as is well 20 known in the
art. Reagent chanbers containing predi spensed reagents are suitably
seal ed for exanple using foil seals which may be piercable within the
apparatus using cutters. These nay be ingt egral with the 25 appar at us,
but in a particularly preferred enbodi nent, a cutter is renoveably
housed i n t heagdrny imgeicibrrerasging, witedivaiamwrappsoppifatiel paspiaped
recess or aperthig bd LRSvHedy S&akkon, 3@ thatlbel S saygidahle d or
use in relation to the particular chem cal or bi ochemical reacti on,
anal ysi s or "5 SA¢IB&# (§VeStT FEFIBTIH? MUChBITRRSE hatfficdgaPtelc&nent s i n
addi tion tombhe-iautt®ion bie RABIbEN AT addibse, Whichha SByiphetdfs, amagnets

di sposabke natur i.ch_are useful..in qr herwi se facilit

further éhe%rcs;hegg?%hgg em caf V?lrleaasctsfngg% %vﬁg?%aucglr %égg%rgs,’
anal ysi s or shepngysefnitdess s arpsectrmyhdds gapereariwyeablby hrdursddessh t he
cartridge. Suedh @hapEAL $nMBe kBeldederdew caSnIRAY balntQ: JBVE,

sanpl es, reagents or materials fromone chanber to another, such as

pi pettors, RRYHETEEE RFPCERATEShE” t18P€Tore, as well as small devices
such as filters, stoppers, mxers, caps etc. which may require to be
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or analytical procedures or assays. 10 If desired also, processing
conponent s SERIFAASTHHCer SRR &toF T E e HhitehabreipaBenyeqbi red to
treat reagepésgedit hea@RBl 6 %heias thet efleyr €rd Nal atdey »88 §HyBidal
desired physical .ghate and ad{{%itl UL LAg, Lhe prog sdlr:,ée’ ne¥ %llso be
removeabl y Roused on the Carttidye. c15 Vechan &af & fit EUEH s
cutters, pipetssst on Hegrerkrigige.

15
Mechanical elements such as cutters, pipettors, magnets or
sheaths therefore, as well as other sheaths as detailed more
fully below, and processing components as described zbove, will
collectively be referred to hereinafter as “moveable components”.
20

In such cases, the apparatus is provided with means for accessing
these moveable components and for moving them as necessary so
that they can fulfil the regquired function in the chemical,
bilochemical, analytical or assay procedure. In particular, the

25 apparatus may comprise a moveable arm which is able to interact

with any moveable component on the cartridge.

The moveable arm, which is for example, a robotic arm, is
suitably provided with a'grab device, so that it can pick up any
30 moveable components housed on the cartridge and 1lift it up out of
its associate recess or aperture. Suitable grab devices are
known in the art. The may include forked elements which are
arranged to removeably interact with appropriately positioned

flanges on the moveable components, but may also comprise



sheat hs therefore, as well as other sheaths as detailed nore fully
bel ow, and processi ng conponents as descri bed above, w |

col | ecti v&YQ28¥0¥¢Berred to hereinafter as "noveabl e cBrPERE$/0263020
In such cases, the apparatus is provided with neans for accessing

t hese noveabl e conponents and for noving them as necessary so that
they can fulfil the required function in the chem cal, biochem cal,
anal ytical or assay procedure. In particular, the 25 apparatus my
conprise a noveable armwhich is able o interact with any noveabl e
conponent eanidelgHd gragengThandO¥BED|® aldge Whbel k8 éOlcsedapee, a

robotic ar i.S_suitabl rovi ded.wit [ device, sp that it. can
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ar rangegot Q rempveably interact wth appropriately positioned flanges
on the véﬁ‘ﬁjrle‘téﬁ?rﬁ‘lﬁ’ﬁéﬂ?%ﬁ‘ but may al so conprise 9 controllable
grabbing arns, able to close around an exposed upper portion of one
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include partrc tatl ons suc anges Or recesses Ich are
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may be,posi.tjon above.an appropri.ate, reagtiaqn or, reagent chanber
it hin'Phe ekPLage Weal s RRROR sl sl 2R o iR ae el | as
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embodi ment i Pe ALMidSel §idess IBYeABLE QNkYE1ba215] nGles diaBess.an
which is vertically, and a transport peans for the cartridge is
provi ded, ZEPRQBPY Fe FaFETI6Pet e PAREATSl uEH G Es2E F2EF I BWHE to be

noved i n aabaptsrtak, da esttowrllow it to be moved in a lateral direction
15 that the arm may be positioned directly above each element on the
cartridge including reaction chambers, reagent chambers as well
as moveable components, so as to allow the desired sequence of
events to occur. Where the arm may be moveable laterally as well
as vertically, the reguirements for the horizontal transport

20 means for the cartridge may be reduced.

When electrically operated processing components such as a heater
or sonicators are supplied in this way, it may be useful if the
connection between the processing component and the arm of the

25 apparatus were also to provide an electrical connection
sufficient to provide power to the processing component during
use. However, such elements may be more conveniently housed
within the apparatus'itself, and arranged to be delivered for
example to the appropriate chamber on the cartridge at the

30 required time. The arm itself or an adjunct to the arm on which
the processing component such as the heater or sonicator is
fitted, may be used in order to ensure that the component can be
positioned as necessary in relation to a chamber on the

cartridge.



15 that the arm may be positioned directly above each el enent on the
cartridge including reaction chanbers, reagent chanbers as well as
nmoveabl e ¥UAPHENENES so as to all ow the desired sequenBel/GB2WFRREY t o
occur. Wiere the armnmay be noveable laterally as well as vertically,
the requirements for the horizontal transport 20 neans for the
cartridge may be reduced. When electrically operated processing
conponents such as a heater or sonicatqgrs are supplied in this way,
it may be useful if the connection betMeen the processi ng component
and the armof the 25 apparatus were also to provide an electri cal
connection_sufficient to prouvi r e..pko [ opnent
during use?ﬁie—b‘:\lﬁé’\?é?,ussﬂl%ﬁ aesé)rrgﬁ I:}s?ﬁ%yd ec%%r%%oggzczﬁegﬁ?il:%gﬁB%?gd

wi thi n t hecapperiatresddrssetdh agnilupriasierit t 05 b ldels PELR PIGFS Bl e

to the appyapiidl arefidheso QB118&: canbijdfiganatod hec seghHlsedrdr me.
The arm.itself or_an adjunct to the arm on

] t which t rocessing
conponeft SHENCRHEEPERSHTELR 10 PAE U Rt T apgalfal‘cttutségﬁl egnsﬁf%czéugeacfm} n
order to ensuisydreat dheutomendaticeanviehipoths iapnathtas mEldedsBFyF i n

relation tg G n C@Bérﬁ'icqg.e d“A@ hemical ti r assay
D000/ 030453EET CRn 058 B03kan s grifiAdcend thochenical resction o

30 10 The apparatus may also connr.i se
devi ces sud®ing qumepdead cyed efdl ]i‘?ptwllgg n thaq %sﬁﬁhl%ﬁssgﬁlea
fluorinetergrs@s. Well as data processing devices arranged to coll ect,
anal ysg11 and/ or record signals from5 any chanber within the cartridge
or app Patus. The sel ection and arrangenment of suitable devices
wi t hi n t he tppanciussomidi] ndbipgeodd BpmeblhccReaeE-Ssop e fRBREH €81 2 and

bi ochem Calcan_»@égaq'eoepg{s ASSe %@EQﬂaiQ.QB UgH@d th@ndmpi & lprbpamitibhn t he
anbit of the skilled person. 10 The |

, e inclusion o; qulgélpg_% Igmav.eggl e
conponent s 3HdOE EREFSS BAY PTEPFFIHHEBpEhS U The Possi BTty t hat
t he sanpl e yiepasmiriemandé otaramadiysi s Spaly vpe tearimcéddiogt whereqall
lar gel y,sel - conf ained Wb S QRELSIANG, tBEy GRM LEd GG aipebabil bEter
i ncl udi ng wher e af | )

use to avoid further contamination risks. Furthermore, by
conducting an assay in a single cartridge, it is possible to
reduce the risk of errors in sample labelling since the cartridge
itself may be labelled at the time of introduction of the sample,
20 for example using a standard bar code labelling system, and the

label will remain with the sample throughout the analytical

procedure.

All processes are sultably carried out automatically by

25 programming the apparatus to move the relevant components,
reagents etc. into contact with each other in an appropriate
sequence. For example, as described in WO2005/018836 the sample
can be subject to a nucleic acid extraction procedure, followed
by a PCR reaction. However, many other procedures in which safe

30 sample delivery is reguired may be undertaken using the invention
by appropriately designing the apparatus and programming it
accordingly. The application of such robotic techniques is well

known in the art.



15 chanbers are noveabl e conponents, may be readily disposable after
use to avoid further contam nation risks. Furthernore, ¥ conduct i ng
an assay MP #'YP¥EPe cartridge, it is possible to reduE%’Fﬁ@mwwgﬁmof
errors in sanple labelling since the cartridge itself nay be | abelled
at the time of introduction of the sanple, 20 for exanple using a
standard bar code | abelling system and the label will remain with

t he sanpl e throughout the anal ytical procedure. Al processes are
suitably carried out automatically by %35 programming the apparatus to
rr?\r/]e the reheyane §J%HéQBeIHc&udé§%QQH&§naﬂt aycllﬂigos@@ntsaeﬁba@dhhpcﬁach

ot her in an _approprjate e or. exanp Gri in
W02005/ 019858 af%’ég%%”ﬁpr”éf%%’f g%bjéfuﬁﬁ‘é]c‘i&(et 8 J%h%’ﬁ‘éﬁe?%‘ﬁé%%? ¥%fFaction
procedur e, Thelveswed by waiRCRheedetdroh. cdney ers craniedothiemagrioeedur es
in which S@Lglé%néarml endeld el Xod s_frge@&al&@g MRy, Lee Underd,akelsdisi, ng

the invention by appropriately designing the apparatus and
pr ogr anfi ngheEe dEEOTHARGPYS ETRE S PRESIYER §B€ha3‘~°6‘56’f‘?sc is such
t echni ques thst Wﬁ:lel pképhwatwh ety samplel Whem & hﬁrmem:eﬁs doneheldes a

ther mal CyC !:'Qj%. ge lpamh,:l_c %.a?:l PCR tag'fe %@9?1[‘?6@ lth%k“ th%bl y

i ncl ude a e (:yc evic hé vesse er mal
cycling i sp@apane@dsmlenaydﬂa@ppysﬁ nremfe‘cpa@hew@céaw reihagyeey.f which

required. kQveysr tréﬂéf%&e@élt\éegyspe%mb@r&emgl afyrcam@ra&ea @l the
cartrlc{ge and the a paratus i.S su Earatlon of t

Sanp o 101 LS G PR S GrBH S b OZPPE HERSeR paPY eI APty BOT (it e
arr angerrentaltvssrs hat nédaessprgmﬂemsampb@mdsompaﬁ A changppwdabhanay

reaction C érma ch_éd toh'le?]h% r@d’%ﬁ:?&d’ QOEPd %eSQ&%nft!a ecﬁﬂeﬁ_ﬂal
cycling ar ea as 10 strate or exargl e 1 n W2005/019836) .

However , tl’ﬁhétnaefywﬁlé%d a’{l&a‘ysfugéh%@éﬁ@é cahien S EhRGPPBrtfon of a
chanber which may be thermally cycled on the cartridge would be

gg\ég?;ﬁge()% el L te ectr:n.ca érjlc%n uc‘:t:.ng.;]c Béfy@aeerr gl rg)lheakcatflognth%mgfe

cycling in particular in PCR reactions, as described and claimed
in WO 9824548 (the content of which is incorporated herein by
reference), provides a particularly compact and versatile system
for use in conjunction with the system of the present

20 application, since the ECP may be readily incorporated into a
reaction chamber which is housed, if necessary removeably housed)

on the cartridge.

Generally, the ECP is used to coat a reaction vessel which

25 comprises essentlally two parts, a relatively wide-mouth upper
section for receiving the sample, and a lower sealed capilliary
tube which then acts as the reaction vessel. At least the lower
sealed capillary tube comprises ECF which effectively acts as a
highly controllable resistance heater, when electrical contacts

30 are placed across it.



15 Use of electrically conducting polyner as a heater for thernal
cycling in particular in PCR reactions, as described and clained in
WO 982454?‘??‘%‘?8{”@% ent of which is incorporated herei RCH{FB2008/002630
reference), provides a particularly conpact and versatile systemfor
use in conjunction with the systemof the present 20 application,
since the ECP may be readily incorporated into a reaction chanber

whi ch is housed, if necessary renoveably housed) on the cartridge.
Generally, the ECP is used to coat a réaction vessel which 25

conpri ses eEseAhvaltipntwillpast He Aarielcalive) Vewt cieeaopy Raypper
section for LV l.e, wer._seal ed capi.llary . .tube
whi ch then SerEEe S MR & AL Roh il ML FRRE Shalih!
capi | lary tY¥bé&héehpri ses ECP which effectively acts as a highly
control | abl e resistance heater, when electrical contacts 30 are

pl aced ross it. 2 The invention_will now be particul arl

descri bgg(;:l b§1%§ %fs;}’@%%r?plp 2B B 8F & SREE 19t W Efé{‘(]:cb‘?rﬁélﬁyg sm of

di agr ammat i thediawimrigsni n which: 5 Figure 1 shows a plan view of a
cartridge useful in the systemof the invention; Figure 2 is a
schematic perspective view of a cartridge useful in the systemof the
i nvention WHiTR®i S §bButcheBr et SrvabertdEppTiev1of e seeFridqopgiyedvl in a
per spect i vethd epsiafn bhAeteat hvdrgenofhichgus endudl td racsardkesagssel in
place w4 hi‘?etgf, hol der; 15 Figure 4 is a perspective view of the
cartridge o = gure 3 in a "closed" position; Figure 5 is an end
view of the cartridge of Figure 4; 20 Figure 6 is an end view of the

cartridge ofidukgUf @s3a perspective view of the cartridge of Figure 2 with

a sample vessel in place within the holder;

15 Figure 4 is a perspective view of the cartridge of Figure 3 in a

“closed” position;
Figure 5 is an end view of the cartridge of Figure 4;

20 Figure 6 is an end view of the cartridge of Figure 3;
Figure 7 is a schematic diagram showing how a cartridge of the
invention may be intreoduced into a apparatus in which a chemilcal,
biochemical or other type of assay or processing may be

25 conducted;

Figure 8 illustrates a cartridge of the invention in position in

a receiving section of an apparatus;

30 Pigure 9 is a schematic dlagram illustrating a system for filling

a capillary tube, which forms a further aspect of the invention;

Figure 10 illustrates a sheath for use in the invention;



Figure 7 is a schematic di agram showi ng how a cartridge of the
invention may be introduced into a apparatus in which a chem cal,

bi ocheri cHO B¥Heér type of assay or processing nay bRCHEBGHMIE e
Figure 8 illustrates a cartridge of the invention in position in a
receiving section of an apparatus; 30 Figure 9 is a schematic di agram
illustrating a systemfor filling a capillary tube, which forns a
further aspect of the invention; Figure 10 illustrates a sheath for
use in the invention; 13 Figure 11 ill3ustrates a side view of a

conbi ned heagefe qmdlmgegites a sTdeQWE 8w & bScanihesheseetimn of the

| ower part of the conbined 5 heater and magnet of Figure 11; and
Figure 13 "PP0%%rates a side view of a heating el ement for use in the
conbi ned heater and magnet of Figures 11 and 12. 10 The cartridge

shown i n Fizgyf & 1o 9&' uqeés@ sgegyons %@ta@& 16wy YhaLeNod sthgfco@,bahga d
plastic _material and is of :%enera lﬁf k | ong section. Aclip feature

i s provPdedetbey &RFITAREE F0ELET T e cartridge when it is placed
in the instrument. A central |ongitudinal channel (2) is prOV|ded in

t he upper rfac (3 5 the dy;sectd on,
open b ond EHE it PR NERR 3t o B e (e o TP EnG Ao LRe boty
secti on (1)hsocertpaned thepeemiandt Baotst ah Bwdres ddea{ldl)lfiof the body
section. The channel (2) has a generally curved base (5) and is

shaped .so that it coul d _accommpdate t ube (6) a seali cap
7 DT oG Re ettt oz eoTh o Ra o B dSoE AutPle SHEIPT dgd Toehs o
that a |iguisdosanpleid pibatinedatetizilnatde st ubeyegr@yaivyt bbidéraw t owar ds
the cap (7)section. cf eféé%@t EQtﬁ%vg&t}p@or@% llftgl@e tlldpgt:x.on of the

acconmodat es a swa ch i's fixed to the cap ( by way of a
suppor t (gyﬁrtrldge when it is placed in the instrument. A central

longitudinal channel (2) is provided in the upper surface (3) of

15 the body section (1). The channel (2) is open at one end but is
does not extend the full length of the body section (1) so that
it terminates in an end ridge (4) of the body section. The
channel (2) has a generally curved base (5) and is shaped so that
it could accommodate a tube (6) with a sealing cap (7). The

20 channel 2 is inclined downwards towards the ridge (4) so that a
liguid sample contained within the tube (6) will flow towards the
cap (7).

In the illustrated embodiment, the tube accommodates a swab (8)

25 which is fixed to the cap (7} by way of a suppcrt (9).

The cartridge also contains a reaction chamber (10). A pilercing

needle {not shown) extends between the chamber (10} towards the

cap (7) with a plercing tip at the end adjacent the cap (7). The
30  cap (7) suitably includes a piercable membrane (11} {(Figure 2) in

the upper surface thereof,

When the tube (6) is in position in the channel (2}, the cap (7)

is sufficiently far removed from the piercing needle to ensure



The cartridge also contains a reaction chanber (10). A piercing
needl e (nQt shown % ext ends between the chanber (10) towards the c

(7) with ¥QPUPRIY tip at the end adjacent the cap (7}’CT"Pﬁé"°§®“2é%{’p
(7) suitably includes a piercable nenbrane (11) (Figure 2) in the
upper surface thereof. WD 2009/019453PCT/ GB2008/ 002630 14 that it is
not breached. However, the cartridge (1) is designed to be positioned
within an apparatus (not shown), which.,is provided with an actuator
able to apply pressure to the base of “tthe tube (6) in the direction
of the arremat Thi s frarceseddhed5 mewbrane thd 1Jarsfiddre (Ehpiy Besbapeiinst

br caches t HG og S W e L AR Lhe-t (he (B1y 2 SBIS ¥ Tl ow on

breaches t qui e tube (6) 1s able to flow out
t hrough a ehevived Wﬁ:ht Be Frtedrer I"th@ FhEPPEARTSAEh&RbERE PB%S Vitfer e

it may 10 bgesubi-eet) tia fad Hli@écwoace;s%hagari—dﬁwevmﬁ;,s BIGr@szItHé or
contact _with the contents of the

as t.aken
poi nt and ¥&5WpRRer sk 6f W6nfaRi Wta{t RO |5)§ g’l hifm sed. Qplfl%e CAr }frﬁ%lge
(1) al so i paksleshirougi die segbrars (Alhwrdekhof brsacmspshermeslor
el ements which may be utilised in an automated anal ytical process.
For instance, it contains a nunber of foil sealed reserv0|ué;?1 212)
C.

whi ch may @sHt &R GiidnrEgdRbe lhchs £DLBUFT dre™ s fBE° whi ch
may be requhkeski on the ndesia adrprioeessidgoof crembanplle. wittrers (ah3)

Ty Conpal L T eagents, such.as. 20,30l ea0RNL S SUG, A8 EER deads:

usef ul Seq Hent proc sSTn the sanple. I'n addition in
this i nst andeh itfhaecgiatremtﬁdfgﬂé ’Cihﬁcmhfeé% hasr FakeoPLASY &l EPcoRpoMent s

i ncludi ng twa Pl Rekt ors: 14, c@tshopiebnlds andimisda.sheath 16 whi ch may
fit for exanple over a nagnet used to nove nagnetic reagent beads

from one chanber to another on the cartridge as required. These
nmoveabl e camposertiridas e(lacesmbdal elswit Migeappridpns at elybshaped

aperturgs Ic%{n%g'gen%gpgf SWhiace 43 byt be pedyssechi 80 dldmatbiey are
arranged s analytical process. For instance, it contains a number of foil

sealed reservoirs (12) which may contain liquid reagents such as

buffers, washes etc. which may be required for the desired

processing of a sample. Others (13) may contain reagents such as
20 solid reagents such as PCR beads useful in the subsequent

processing of the sample.

In addition in this instance, the cartridge includes a series of
movable components including two pipettors 14, a stopper 15 and a
25 sheath 16 which may fit for example over a magnet used To move
magnetic reagent beads from one chamber to another on the
cartridge as regquired. These moveable components are
accommodated within appropriately shaped apertures in the upper
surface (3) of the body section (1). They are arranged so that
30 an upper region projects above the upper surface (3} so that they
are accessible for a grabbing arm of an apparatus. They may be
provided with suitable annular flanges to facilitate this, or to
assist in the lifting operation, for example as described in

Wo2005/019836.



30 an upper region projects above the upper surface (3) so that they
are accessible for_a grabbing armof an apparatus. The

may be
provi ded W¥R"¥01%3b1 e annular flanges to facilitate tﬁFyf;%&‘f”s’f’Q}(’”
assist inthe lifting operation, for exanple as described in
W2005/ 019836. WD 2009/ 019453PCT/ GB2008/ 002630 15 I n this case al so,
there is a provided in the cartridge (1), a reaction vessel (17)
which is coated with an electrically cpnducting polyner, and so
whi ch, when connected to a suitable 5 electrical supply, can subject
the contents to a thermal cycling procedure such as that required for
PCR The armhatgeimeakte aflsbhisheressela wrbtidea th shessad-Hidgeorie, det ai l

hereinafter_in. rel %é e’l t(l@?)om% idd g§;{eqjt %Qtﬁf}}ﬁogié@éﬁéan@ The

cartri dge i | F rat e cont al ns many comobn el enent s
al t hough t rv@géu«ena@gswgmry Emdr perdvichy Herafeectedsifi ¢ tHeable

parti culsar e@:@E@fﬁJa@Ss@iﬁych@H gabjadd eﬁélamneaﬂltﬂtoa@aih)é&mﬁ precadur e
or assay bei n(é) carri eqbout However g? tyfg case, a 15 hol der (18)
)

for the tuB&oF8Y™esSProdrdlt 'Fﬁ%u]f‘ff(ﬁdd is also tubular in
shape and is capabl e of holding the tube (6) such that the cap (7)

abuts agai ngf. Lhg g@gef(iflogu{ﬁss}ress-@lewhﬁ gRr dis’l&)sseaynbﬁofgt@tagﬂ

agai nst the cartri K in 20 an upright gg e vessel
recei vi ng 6@%‘?%%%%%& gtigin &°ctAsp f%ﬁ“(ﬁijﬂuﬁ OHTEHES 6)
di spose at the free end of the channel (2). Once a tube (6) has been

| oaded i nt QI‘ t.he %ga lﬁqlggtfétfg) j?n iéﬁFng%gﬁg%l 1 Ingxﬁr %lc:iﬂ&% (20) J

and i nserte ©i n?r anne ange rovid on the side
of the hol ddenédd) aﬁ@%h@%ﬁ? gese e‘-ﬂg@@élii e f%‘?ﬁi“ﬁli’ i $r9288%4 ﬁ@ suit

arrangement:naf g&ﬁcﬁ@af R PsH Y 284 Qﬂl‘éﬁlbr{l t Beodricfgeal 4r efaldtecbody
section (1), but only if the tube (6 ssnug“};flttedlntothe
hol der (18)pﬁ?ﬁﬁﬂﬁﬁ%3 ﬁ)assay belng cazr ed ut oWever, in this case, a

15 holdexr (18) for the tube {6) is provided. The hcolder (18) is
also tubular in shape and is capable of holding the tube (6) such
that the cap (7) abuts against the end (Figure 3).

The holder (18) may be retained against the cartridge body (1) in
20  an upright sample vessel receiving position by means of a clasp

(20) (Figures 5 and 6) disposed at the free end of the channel
(2y.

Once a tube (6) has been loaded into the holder (18), it is

25  removed from the clasp (20), and inserted into the channel (2}. A
flange (19) provided on the side of the holder (18) is arranged
to engage in a snap fit locking arrangement with a corresponding
groove in the ridge (4) of the body section (1), but only if the
tube (6) is snugly fitted into the holder (18) (Figure 4).

30
At this point, the tube (6) and the cap (7) are substantially
completely encased within the cartridge and holder and so are not
accessible for fracture etc. A space (22) for a label for a bar-

code reader to identify the cartridge and a window (23) to allow



30 At this point, the tube (6) and the cap (7) are substantially

conpl et el évencased Wi thin the cartridge and hol der and §O are
accessi bl &9 P P4t ure etc. A space (22) for a | abel PGF /ng%ypezé%'de

reader to identify the cartridge and a wi ndow (23) to allow 16 a
bar-code on the sanple tube to be read may be provided on the flange
(19) and hol der (18) respectivel y Sanmpl e | abel s may be applied at
this point to the cartridge for exarrPée bar code | abel s which nmay
be applied to an end region (21) of the body section (1), so as to
facilitate & backiatg of thkesaemhel dulvchitoulgh 1ehé rmaﬂoytm@a’ndﬁ@ coetis e.

The base ofritige halsglesnd 18)adnchbfesspestmidiyaperture (24) 10(Figure
6). The aperture (24) is shaped to allow an actuator of the apparatus

into which the cartridge is introduced to pass through and so urge
t he tube (Gambbavarattels heypberagpipigedieedbeiprovhdan abe tdretribdgeoioof

the ridge (415, leecddie; a6LUALALNas, Dassed: 1IN Qual, tha apachure

(24), the cartridge is ef and cannot then

opened. ThelZd¢t ¥atde Paint REA-WIt Keltail @hitosFaehe tahtniirackiife oF et ns
in positionaabléeasbustntink &b vendanfhrbbenanral ytical procedure. 20
The cartridge (1) is shaped so that it nmay be received into a

recei ving section of a suitable apparatus. This is illustrated
schenat i calThg basdriojurhke Roldier t(RED busedes ke svakl rpdgainced@tvi ng

sectiomeof tNg.APRAT alHR (3E6)tGRNPEL)SES SnSHBPYS talﬁég)arp@eyaﬁ%g ¥tth
a recess (38) into which the cartridge (1) snugly fits,

He apparatus into which the cartridde is introduced to pass
through and so urge the tube (6) towards the piercing needle

provided at the region of the ridge (4}

15 Once the actuator has passed through the aperture {(24), the
cartridge is effectively “locked” and cannot then be opened. The
actuator is then withdrawn whilst the sample tube remains in

position at least until the end of the analytical procedure.

20 The cartridge (1) is shaped so that it may be received inte a
receiving section of a suitable apparatus. This is illustrated
schematically in Figure 7. In that case, the cartridge receiving
section of the apparatus (36) comprises a support (37) provided
with a recess (38), into which the cartridge (1) snugly fits.

25 The support (37) is retractable into the bedy of the apparatus
(36), for processing. The support (36) is itself moveable (sece
arrows) so as to align any particular part of the cartridge (1)
with an interacting element (3%), which may be moveable in a
vertical directiomn.

30
A similar arrangement is illustrated in Figure 8. In this case,
the cartridge (1} is provided with a lip (40) which engages the
vpper surface of the support (37) when the cartridge is in

position within the recess (38). The holder {18) is arranged so



25 The support (37) is retractable into the body of the apparatus

(36), for processing. The support (36) is itself noveable e
arrows) 389%%""3’8”5?% gn any particular part of the cartFFH&éz%)ﬁ/}m\ﬁ"th

an interacting elenment (39), which may be noveable in a vertical
direction. 30 A simlar arrangenent is illustrated in Figure 8. In
this case, the cartridge (1) is provided with a lip (40) which
engages the upper surface of the supporlt;r (37) when the cartridge is
in position Wlthhn the recess is arranged so

18
17 that whefth& &0 pEsr EXB8F | i%r étsr]a%ttré‘ﬁt? tl(’S1 h%*%aaﬁyar‘f he
appar atus, themctsatte fdcgruagpeniorgopéreingubke (tipeald ea#h «imt enter

through thecapertute (L4 el ease. samleciiih 1hs ARl aoyessel

(10) prior to't rocessi ng Eroce ure. required,
ot her engag&R®iftl AeRn®riey tl?e ]b?cRFPG%%FJtn@ PF‘?@ethéecarIFfrF%i@JérE ) in

posi tions on;aaangu@@cuthefeez])gagaﬁuﬁ inBanlkS fhay A PP Ridas L6 ofkeehed for
exanple for ¢ eerch )bl oche J(.:r?'n an Si Sb |nv(§gf| gati on or assay.

If the sampF& ie9a® 107 HyEFSampI%E SUEPRY ¢ placed directly
in a tube (6) which is seal ed with a cap (7). Preferably t he vol une

of the sanpkgud SnkRMWN 20Lary eMEAS1€Hetdd) £RATd oGl &Tsokf i cRAL Ure of
the investi gatl on_being carried out .is qualitative in nature. The

sanpl e t ubePheFBecFnEEHF HEE WL TP STaRT i SRPS3RRF mih FP? Isaphegisls
to faci 19t atbatibie sgigsipensi ng ehitdrayl blpded SBﬂ“ﬂaitGEyaﬁdatﬁu}:m‘Qm deniah

means of ch t he e h ui

limts. If tg%ggeg{gﬁ%ngitt g %enrchol I\ég%?é%blg %M gm&t%gn Sgrﬁ‘\%aeb 1(38)
itself is pkag#dornit ﬁ‘éaﬁ‘éﬁ?él t 6y SHELCHATh 1 1'53”{% raplee aﬁdtl}?r ef erably
known vol Un‘&nﬂsfst&l;&lﬁﬂin B8thd kerfile o(h)id subhentseal@dn20: . t'hh@- cap

(7). The tube i en sui tab en,to _ensure that, an

t r ansf erreds?“r‘pol% %Chb '3(§)r’¥?]6 aﬁ W BRI Fﬁ%db‘ﬁllf“ﬁrll sfaggy ”ﬁ’cﬁs be
necessaly i topﬁﬁ@lﬂtt—)‘tmtm dilspetsiqui df ithes Uiduici eatplieoashiswr prethiate

t he swab reaamégis|Bfﬁﬂﬁéggiﬂd1t39€ ﬂHquaﬁkle volume is within the required

Iimits., If the sample has been collected on & swab, then the swab
(8) itself is placed in the tube together with a suitable and
preferably known veolume of eluent and the tube (6) is then sealed

20 with a cap (7). The tube is then suitably shaken to ensure that
any sample is transferred from the swab (8) to the eluent,
although this may not be necessary if the wvolume of the ligquid is
sufficient to ensure that the swab remains immersed in the
liquid.

25
Then either directly, or when it reaches a labecratory, the tube
(6) is placed in & holder (18) of a cartridge. The holder is then
inserted into the channel (2) of the body section (1) of a
cartridge and the cartridge itself is labelled, before being

30 placed into an appropriate cartridge receiving section of an
apparatus ( designed to effect the necessary procedures so as to
effect the chemical, biochemical or analytical procedures or

assays on the sample.



25 Then either directly, or when it reaches a | aboratory, the tube

neorted (@ eBhannal (2) of the body seciion (1) ErrgoRepbBRE.

and the cartridge itself is |abelled, before being 30 placed into an

appropriate cartridge receiving section of an apparatus ( designed to
effect the necessary procedures so as to effect the chem cal,

bi ochem cal or anal ytical procedures oy, assays on the sanple. 18 At

this point, an actuator on the apparatus is caused to pass through

t he apertuké ¥s) ppint henbzsfeaddr tdretholaperrils) iscaasetdocairgest he

tube (7) teussds the Hehtew nbey cingnbasdlofttnhgoiddge:®nd,0fs the
cartridge. Sufficient pressure IS apglled to the tube 5 61)C by the

act uat or ( 289° t'heehdRf 1 NE"oFAR TiShBRT I ReBIS{HDY PPt hetdp® (%%
breached bgntihes needta-tridgBecausidibet tuteess) issapmidednigd tdewnwear ds

towar ds <t h i 4 | iqui i therej i | hy ough
t he hol ow%S?eéi’g?ﬁé %c&u%gﬁﬁl(gqgigoe%%%@él %ﬁgtt e rglé}g%:% Sga{:#grlri)e{rp(%m

on the car tPpdg®. (Thelsappardedshy ssheneeedis e to ef fect processing,
for exanple using robotic procedures known in the art. A vertically

noveabl e armis sujtabl ed to effect. the 0cessi whi | st e 15
car tridge. PECHINOAEF SooFol oy srire-ped G Pae s Saatrdn o S Bhat Mhe
appropri at e¢hehtimver omtednpdri@énreonwihe war thidgs = abilgredinkting he

arm at 13ny ,QBg1d idlBecthe i ROS SR Lddot: ERTcRREEY A8F! QD 8! A+khige.
procedure is 20 limtless, as all that it is necessary to do in any
particular case is to ensure that reagent containers on the cartridge

and that sughtaddperatierisceongonrent stsaCheds ptbezamyueabice exngpanent s
described peggin %LQ%pﬁES?&re vigded ‘Ehttp%r 220 the cantli fgg QLapie
i nt egrated appropriatel’y Tnto the apparatus.
arm is suitably used to effect the processing, whilst the
13 cartridge is moveable, for example by Cartesian motion, so that
the appropriate chamber or component on the cartridge is aligned

with the arm at any one time.

The possibility for assay design using this procedure is

20 limitless, as all that it is necessary to do in any particular
case is to ensure that reagent containers on the cartridge and
that suitable other componerts such as the moveable components
described hereinbefore, are provided either on the cartridge or
integrated appropriately into the apparatus.

25
A particular example of such a procedure is illustrated in
W02005/019836.

To summarise that procedure however, a sample within the chamber
30 10 which is known or suspected of containing cells of interest is
subject to cell lysis. This may be achieved for example by
preloading the chamber 10 with a chemical lysis agent such as
guanidine hydrochloride,l by adding such a reagent taken from a

reagent container for example using a pipettor 14, by



25 A particul ar exanple of such a procedure is illustrated in
W)2005/019836. To summari se that procedure however,

t he chanb&ogﬁ)’ﬂ](*ﬁhl ch is known or suspected of cont afﬁfﬁamc‘}%{?ngsoof

interest is subject to cell lysis. This nay be achi eved for exanple
by preloading the chanber 10 with a chem cal |ysis agent such as
guani di ne hydrochl ori de, by addi ng such a reagent taken from a
reagent container for exanple using a g pettor 14, by 19
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agent sych,ap @nti Rorkanspesddobbeh®londtRAlchi-eti e bArGLtntdiakyt fay 10
nucl ei ¢ aci d ener | cal l a2 such as ' Magnesil (Er silica beads are then
i nt r oduced°tf Bt® BRBMAE ™ usi ng a nmagnet which is inserted into a
sheath 16 and brought into contact with beads when it attraction is

required (mgn@e&%npésdst ghpa@ Iarghsutt%iaﬁf &utte@fwﬁhcgrﬁﬁumgg )agaﬂ@l

renoved fromthe sheath beads are 15 required
deposi t ed, SPEP ﬁ%é?ﬁ%ﬂ?@lyo%ltfﬁé e dt PaFEs S tpEES T Fﬁﬁjé&el A%i de
the reagti elﬂc!:éhaﬂbeid eneAfdanyal s o g ‘Magnasaleyt eisivehb&sisanye

nucl ei aCI en Q gt:rlgaed?dggf eeg(a}nglet rl}l%igg%dﬁlagﬁ&e%hm igeirl;&@ggd from

the reaction
into a sheath 16 and brought into contact with beads when it

attraction is required (for example to pick the beads out of a
container) and removed from the sheath when the beads are
15 required to be deposited, for instance once the sheath has been

positioned inside the reaction chamber 10.

After allowing the analyte such as any nucleic acid to become
adhered to the beads, they may be removed from the reaction

20 chamber (10} and placed into a different reaction chamber, which
may have been foil sealed until the seal was broken by a suitable
cutter before addition of the analyte. The beads may be moved
through one or more wash chambers, optionally present on the
cartridge, at this time if required.

25
fnalyte may then be eluted from the beads for example by adding
the beads to an eluent, which is preferably hot, contained in a
chamber (12). Heating of the eluent may take place by
introducing a heater provided on the apparatus, which is

30 preferably encased within a protective disposable sheath 16 as
described above. Howeverxr, in the event that it is not, it may be
subject to washing steps using wash liquids which may be
contained in reagent chanmbers which are optionally on the

cartridge.



20 chanber (10) and placed into a different reaction chanber, which
may have been f seal ed until the seal was broken by |t

cutter %?Qé %(@‘3*%3. on of the analyte. The beads nmay b’éé‘?@géuggmﬁ%’ugh
one or m)re wash chanbers, optionally present on the cartridge, at
this time if required. 25 Analyte may then be eluted fromthe beads
for exanple by adding the beads to an eluent, which is preferably
hot, contained in a chanber (12). Heatijng of the eluent may take

pl ace by introducing a heater provided on the apparatus, which is 30
preferably encased within a protective di sposable sheath 16 as
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t hr ough t he:asbeatils awt:aabme font el blideeschambhetherdhy shgdtihg

preferably fas 43,2, a n a%?efr 5 1k Do e o AGE 107+ 0. 220M 0,0 A3IM 1 LS

t hi nness assrsting ansfer. A conbi ned heater and magnet
(52) used ishetHe %a?t?qedﬁén‘ieéltl Pf der shaarn Bigsheatnpgeferabiy ghap)

shows assi detdieweek :Irhﬂtha&ebﬁjat ef mandmibgnel7aesesblnianesdig 12
shows the Iowert porti %ft t he asserrbly in cross-section. The

conbi ned h&&F&FAd™ Prel eﬁ‘et (%2) *has an el ongate body, (50) with a
thermal |y conductive (preferably mld steel) casing (54) which houses

a heating el epRfinea e ASTCH YiBRLY (686)uded hRCAkeHAl-;098 £nd of the

i1llustrated in Figs 11 and 12. Fig 11 shows a side view of the

20 heater and magnet assembly and Flg 12 shows the lower portion of
the assembly in cross-section. The combined heater and magnet
{52) has an elongate body, (50) with a thermally conductive
{preferably mild steel) casing (54) which houses a heating
element. An assembly body (66) is located at one end of the

25 elongate body (50) and is provided with a clamp (68) which clamps
the elongate body (50) onto an actuator arm {70). An insulating
shim (72} separates the clamp (68) from the elongate body (50).

A heating element is inserted into the casing (54) of the

30 combined heater and magnet assembly, for example as shown in Fig
13 which is a side view of a suitable heater element (64). A
suitable heating element is one used in soldering irons, for
example a 50 Volt heating element supplied by BAntex, part no.

SD50E. Such heating elements typically have a resistive wire



25 el ongate body (50) and is provided with a clanmp (68) which clanps

t he el ong
(72) separ

Q%&@%@&SO) onto an actuator arm (70). An iE@j’@%ﬂﬁ@%ﬁm m

I'ng

e clanp (68) fromthe el ongate body (

elenment is inserted into the casing (54) of the 30 conbi ned heater

and magnet
vi ew of a
one used

assenbly, for exanple as shown in Fig 13 which is a side

suitabl e heater elenent (64). A suitable heating el enent
n soldering irons, for exa e a 50 Volt heating el enent

supplied by Antex, part no. SD50E. Such heating el ements typically
have a resksbéddednin @n fspbéadedtenian A5 ATPHR) RErRT VAl ox ¥y
exanpl e magpesiddmpxdi de or a ceramc. An integral tenperature sensor
(not shown) is also supplied, 5 enabling the tenperature to be
controlled. Electrical connections (58) extend fromthe heating

el ement (64) idtegugh tehpewsserbignspadynqtsErownihie halmroovirte ipdwer to

the heagi ngggé,s@%%hé ng;é)np@@actu&@rm%@t YR SRDSL s1dbigicomhinadohrater

and nagnet
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(58} extend from the heating element (64) through the assembly
bedy (66}, which provide power te the heating element (64) and
temperature sensor., The combined heater and magnet assembly may
be moved by the actuator arm (70) as illustrated by the arrow,.
Alternatively, the assembly body may (66) be provided with a
flange (not shown) which is able to interact with a fork on the
moveable arm of the apparatus, to enable the combined heater and

magnet to be moved.

Fig 12 shows a cross section of the elongate body (52) of the
combined heater and magnet. A permanent magnet (62) and heating
element {64) are located within the casing (54). The permanent

magnet (62) is located at the opposite end to the assembly bhody

(66) . Permanent magnets are commercially available which maintain

their field strength up to over 180°C. A suitable magnet, such as

an N275H grade sintered Neodymium-Iron-Boron disc magnet 1s
available from MMG Mag Dev Limited. As PCR reactions are agueous
reactions, the magnet only needs to maintain its field strength
up to 100°C.

Reagents suitable for carrying out a PCR reaction may also be
prepared in a reaction chamber, for example by addition of &
suitable buffer, in particular one containing purified nucleic
acid extracted from the sample, to lyophilised beads of PCR
reagents. BAgain, such procedures may be effected automatically
within the apparatus by moving elements such as the cutter,
pipettors etc so as to ensure that the appropriate reagent

transfers occur.

S



be noved by the actuator arm (70) as illustrated by the arrow 10

Al ternati >_assenbly body may (66) be provided w f e
(not shom\ﬁbé\%&)@ﬂﬁ?é able to interact with a fork on t 8&&?3%(’5}8&3%arm
of the apparatus, to enable the conbined heater and magnet to be
noved. 15 Fig 12 shows a cross section of the el ongate body (52) of

t he conbi ned heater and magnet. A permanent magnet (62) and heating
el ement (64) are located within the cagj ng (54). The pernmanent nmagnet
(62) is located at _the opposite end to the assenbly body (66).
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only needs acbierfdnbdi teanssof e rddsticdnpinetfpr t andl 0DC preSeRumgdat s
suitabl g fQniga¥dateAdiOut qarPGR reaction may al so be prepared in a
reacti on chanber, for exanple by addition of a suitable buffer, in
particul ar one containing purified nucleic acid extracted fromthe
sanpl e, toAsybphidtkgeel,behdpightPOR BlprieageatslashAgas modgutdd)

procedur es iy b LG el Al QFBLLAALLV-MLBL N id) e, ARRALALUS DY

novi ng el enents such as the cutter, pipettors etc so as to ensure
that the approptil@céitraderite tLaALTUT 8Y R @™ oD FhemRPagaPER r Bagdd on
m Xt ur elthasechBen RErepared o8sinent ardoel dg@phirkgn S28)idiakl ¥

transferred_intqg .the action. chapber 17.. which is thermally. . | abl e
as & resul P81 SAEOR Doal FREIRTT g 1 e JebY vbacByriedapeoared o
modi fi ed pithet ernzrabhdst Ive pf deeddiey iconbrdlledsensyasdon wiFtpure 7. As
il ustrated;pbigpi pettor conprises a plastics body (25) provided
with a series of annular flanges (26) which facilitate the collection
of the pipettor by an arm of the apparatus. A cap 10 nenber (27) has

a resilliSentthepperexdsaphicagt328F vihd Ipineipraj éstidubntd29Rrlint<ndedtd o
interact wWlfQ gp aa%hk'f%é&% pipv.ded o0 Lhe aBPALALYS, 59138 QuBL! ow
controlled ogeratl on of the pi pettor.
(31). The capillary tube (31) is sealed at the lower end (32)
and so forms a clesed reaction vessel, The lower surface (32)
is suitably transparent so that the progress of any reaction
20 carried out in the vessel can be viewed. This means that, for
example where the PCR is carried out in the presence of a
fluorescent signalling system, it c¢an be monitored throughout
{real~time PCR). The upper portion (33} of the reaction vessel
is of a wider cross section, but the walls in the region of the
25 Juncture of the upper portion (33) and capillary tube {31) are
tapered so as to provide a guide for the lower section of the

pipettor (30) as it entexs the capillary tube (31).

An electrically conducting polymer layer (34) surrounds the
30 capillary tube, and is connectable to an electrical supply by way

of upper and lower electrical contacts (35, 36).

In use, the pipettor 14 is raised cut of its housing with the

cartridge by the interaction of the arm with the flanges 26, and



15 The | ower section (30) of the.pipettor is substantially elongate

and of a %é%&%%gg(%l)srmll dianeter to enter a capill ?E*Qﬁhy@gﬂ‘@%’)@

The capil | is sealed at the |lower end (32

a closed reaction vessel.The | ower surface (32) is suitably
transparent so that the progress of any reaction 20 carried out in
the vessel can be viewed. This neans that, for exanple where the PCR
is carried out in the presence of a fljgorescent signalling system it
can be nonitored throughout (real-tinme PCR). The upper portion (33) of
t he reacti épvareds&rty & BPAGiRRdEMPPYHsPIEaERIEN iy RTPREEWELRs in t he

regi on of the-tdon|wNehuee Ofrnbheidepper RRULLA) (3B)erdBd £apiebbpat Y

tube (31) are tapered so.as to provide i de f the | gwer,_section
of the p) pBPTHh TRatar Yt (e rrRPEy hes pPHTAR, (Pl e’ 31t Arr b

el ectri cal kyagdrductatnge pal e $reypirdi34) Iadw ééflds the 30 capillary
tube, agd is connectable to an electrical supply by way of upper and
| ower electrical contacts (35, ,36). 23 |lowered into a reaction
chanber cofPailPREtIhd SpFeffar@dSPORYF e EPB PHRENY. TR dPYrpRts or
actuator, dehvwemthy @patepper thet@irtksdgepk oyaedt € depresiss phpettor

di aphragm (2 ) s.,to dr.aw react i ] Xt ur, L.n
pi pettor bgaﬁio(cf%& a@#ﬁe{% f):%fp"?%lrﬁl géét %gnmréi'segdclf%telno?&%e%eggbhanber
by the noveablle themofert pectdppal dust Hreréretitordget)i $snoved so t hat

the pipett Qipdink0satedsaboyeatbe dgast iR ¥asebry kibe. and then
| owered, until the | ower section (30) of the pipettor (14) is 10
substantially at the base (32) of the capillary tube.

The actuator for the diaphragm (2B) i1s once again activated to

expel the contents into the reaction vessel (17). At the same
time, the arm is deployed to raise the pipettor (14) oukt of the
15 reaction wessel (17)., The movement of the arm and the actuator
are co-ordinated so that the pipettor (14) leaves the capilliary
tube (31) at a suitable rate to provide bubble free f£filling.

The accuracy and controllability of the actuator and the arm as a
20 rasult of the use of suitable controlling stepper motors, means

that such an operation is possible.

Once the reaction wvessel (17) has been filled in this way, a
suitable cap or stopper may be applied to the upper section (33)
25 to close the vessel. The electrical contacts 35, 36 may be
connected so as to allow a thermal cycling process, for example a
PCR reaction, to be conducted, within the reaction vessel (17)

without further movement.

30 Suitably, the PCR includes one of the conventional signalling
sytems such as the Tagman™ or ResonSense™ methodologies and this

is monitored through a transparent base (32) of the tube.



The actuator for the diaphragm (28) is once again activated to expel

t he conte ' i.he reaction vessel (17). At the sa i arm
i's deploy§%§P%Q@§ﬁge the pipettor (14) out of the 15 ?ES@F%%H”@QEQe
(17). The novenent of the armand the actuator are co-ordinated so
that the pipettor (14) leaves the capillary tube (31) at a suitable
rate to provide bubble free filling. The accuracy and
controllability of the actuator and thgarmas a 20 result of the use
of suitable controlling stepper notors, neans Rggt sq&? an qp%ration

i s possi bl EnCORECLRES T &R8t TOT VeI EPY (1% SRR DEER™ 1117 &P thi s
way, a Sui taabl @ capded. st opper may be applied to the upper section
(33) 25 to close the vessel. The electrical contacts 35, 36 may be
connected so as to allow a thermal cycling process, for exanple a PCR
reaction, tiebsysienduate@letfnts AcTHaPPRITrAR KReSeEPTY PYTVHiH% AbBut
further smovgreptsved@ndWdrablant the RCRohAIHideSa aReiefy biie

conventional signallipg syte such as the .TagmanIm o Senseul
met hodol ogi®FE A Chi é‘%@%ﬁ%@ta&r %Fr%lﬁf‘%ug"r%‘”&g nrllé:r?g]pcé% e""n?g%%&( 32)

of the tubessaW) 200940 10458RCTIGBRIGSLO0XBZeMp i cacbpl et e, the
cartridge g%\éibﬁvé enoyed Lnom thesappasatisiwand di scarded. The
systens and el enents described herein therefore provide an 5
effective and efficient way of conducting a variety of procedures, in
particul ar chem cal, biochem cal or analytical assays, whil st

m nimsing risks of contam nation and fal se positive results which
this may introduce. 25



Clainms 1. Apparatus for sanple preparation or analysis, the apparatus
conprising: an integral magnet and hegter device, conprising a
heating el enent and magnet; characterised in that the integral
magnet conprises a pernanent magnet and wherein the apparatus further
conpri ses one or nore reagent or saoplmes chanbers, the integral magnet
and heater device being novable relative to the one or nore reagent
or sanple chanbers to enable transport of nagnetic beads or particles
or heat i ng'- SPPERES orEemBlePrepaRtiaR o analvgiidhe,reR@lys Femrisifted to cover the
i ntegral nmagnet and heater device during use. 2. A device according
to clai m 1 whersintegtahwagnebandhgaterdeviesn conpsising ¢ besting dementindimpenet3. A
devi ce according to any preceding claimfurther conprising a

t enper at ur e senrsaEcteriséd in hatteyinerabsapettongriseOa ﬁmiykarm’naﬁaﬁlbtmgd Ghé&kim

further CQH&’%R&L&R& ﬂrtﬁe?%&ﬁér%&%ﬁe SP%Fe ea%)ﬁ E\héa‘ﬁlbl %m%@rgptﬁé %éb’é

t he device ca rece
wherein t Héagtﬁ%*\ﬁ“éé‘e?t@ %ﬁ‘(“’élbéﬁ%ﬁc’éa%wt*%ﬁ %é?eeanmf’rﬁéeﬁQﬁ'@fr%tsa‘i”Eie
| ocat ed orchemiere tderabiet thaesmeh aif gatpeetio deyds orbpartiblesl @v hesing ot e dihaxgbdr 0
any of ¢l alohBntd; sh@a dheWiSlisidy ib B&enﬁyfn@sravméan@vaﬂd h&?er IR QLridgSise. OCaL ed
around the periphery of the heating el ement devi ce accordi ng
to any preceding claimfurther wherein the permanent magnet has a
field strehgt h Adevichacceriag ivsla@h 1 wbereiv thelipating elament sagtsisticD@vice.8. A
syst em accor di ng to any one of t he pr eceding clains wherein the

sheat h |saprov das adrmve oett on the ap ar at us.

syst em accor di rﬁ;; q'8° AR R BY p'?ﬁeéimﬁlgé'gb TEECRIPLT ek RBT &R S?rﬁ'gr
sheath is of a thermally conducting plastics or elastoneric material.
10. An intggrala hers a&co.aung t(ﬁr&@nﬁécedﬂg'blﬁlﬁl fli@ler bs@bribifg & R paRRA &hiis

accordi ng yQNhscm{hqurr?pe?ature of%henasewce can b% set.

a|m

5. A device according fo any preceding claim wherein the device is an elongate bady
and wherein the magnet is located on one end of the eiongate body.

6. A device according to any of claims 1 to 4 wherein the device wherein the magnet is
located around the periphery of the heating element.

7. A device according to any preceding claim further wherein the permanent magnet has
a field strength which remains effective up o at least 100°C.

8. A system according to any one of the preceding claims wherein the sheath is

provided as a moveable component on the apparatus.

8. A system according fo any one of the preceding claims wherein the sheath is of a

thermally conducting plastics or elastomeric material.

10. An integral heater and magnet device for use in the apparatus according to any one

of claims 110 9.



