1 Sanpl e Processor The present invention relates to a device for
handl i ng sanples, in particular clinical sanples in preparation for
anal ysi s, wWdrooyoiomst ance by neans of a nucleic acid anptT/GBzms/iwnes
nmet hod, in particular the polynmerase chain reaction (PCR), as well as
novel el enents and procedures which may be utilised in such devices.
The anal ysis of fluid sanples, for exanple clinical or 10

envi ronnent al sanples, may be conducted for several reasons. One
current area of interest is the devel opment of a nethod for
positively identifying biologi cagaxgggeﬂoggsg& a fluid sanple, for
exanple a clinical or environnmental sanple. Such a nethod would allow
for early diagnosis of disease states, which in turn would 15 enabl e
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allow for early diagnosis of disease states, which in turn would
15 enable rapid treatment and infection control, or the
identification of environmental contaminants and the like. There
are many techniques by which very sensitive analysis of samples
can be carrzied out including for example nucleic acid
amplification techniques such as the polymerase chaln reaction

20 {PCR) .

However, the very sensitivity of these technigues mean that they
are subject to problems with contamination, as even small amounts
of contaminants can mask or give false positive results.

25
In general, the analysis of clinical or environmental samples is
carried out in laboratories or in mobile equipment or analytical
devices which may be some distance from the site of collection of
the sample. This means that samples need to be collected for

30 example by an operative, and placed in a sealed sample vessel for
transport to the analytical device. Once delivered to the
analytical device, for example, in z laboratory, the sample
vessel is usually opened by a further operator, and the contents

removed, for example using a pipette which may be carried out



manual Iy or by machine, and placed in a reaction chanber to all ow
analysis to occur. There is a greater risk that contam nation may
occur at WO mowomess, in particular since a | aboratory PET/@B2IYH(1262%
environnment is nost likely to be contam nated by the 5 target

anal yte, for exanple the target nucleic acid. According to the
present invention there is provided a systemfor delivering a sanple,
said systemconprising 10 (i) a cartridge conprising a body section
adapted to hold a seal ed sanpl e vessel 2so as to fix the position of a
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y sample vessel in relation to the cartridge; and

(1) apparatus adapted to receive said cartridge, said apparatus
15 ©being provided with an opening system for opening a sealed sample

vessel contained within the cartridge.

By -ensuring that the seal of a sample vessel is only broken once
the sample vessel is contained within the apparatus, the risk of

20 contamination from an operator or from the surroundings in the
laboratory or in the area of the analytical device is reduced.
The breaking of the seal can be accomplished automatically by the
operation of the apparatus. The use of a cartridge to precisely
position the seal of the sample vessel means that the opening

25 system of the apparatus is able to accurately and effectively

interact with it.

The sealed sample vessel may be supported in the body section of
the cartridge directly, but in a preferred embodiment, a holder
30 is provided, which can accommodate the sample vessel, and it is

then the holder which is insertable into the body section.

The holder is suitably specifically shaped to accommodate the

_sample vessel. In particular, it may be shaped so that the



The hol der is suitably specifically shaped to accommobdate the sanple
vessel. In particular, it my be shaped so that the WO

2009/ 0194 48pramd/EB2308/ 002625 3 sanpl e vessel itself i spewost@svizalsl y
encl osed within the holder. The holder, and preferably the entire
cartridge is suitably made froma rigid and durable material such as
rigid polymer. When such a material is used to substantially enclose
a sanple vessel, 5 it provides a further degree protection against
acci dental breach of the sanple vessel,3 which may be inportant wher e
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swabs. 20 In this case, the holder is also generally tubular in
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cap may be renoved for a swab sanple to be taken. The swab is then
returned t ot keptutieut agethedinnt ) e g RNbebsanspast sa8di um

sealable tube. The dimensions of the tube are suitably such that
it may accommodate not only liguid samples of the desired voelume,
but also if required, swabs.

20
In this case, the holder is also generally tubular in shape, but
with a slightly larger diameter than that of the tube and so that
it may fit snugly within the holder. 1in a2 particular embodiment,
when the tube is sealed with a cap, the diameter of the cap is

25 greater than that of the tube, and also of the internal diameter
of the holder, so that, when in position in the holder, the cap
rests on the top of the holder, This allows for accurate
positioning of the tube within the holder and thus within the
cartridge.

30
A swab support with a swab attached may be integral with the cap
of a tube of this type. In this embodiment, in use the cap may
be removed for a swab sample to be taken. The swab is then

returned to the tube together with sufficient transport medium,



WO 2009/ 019448PCT/ GB2008/ 002625 4 or diluent such as sterile water or
elution buffer to i merse the swab sanple in the tube. The cap is

t hen secum&i200¥hg448wab wi Il generally remain i mmersed PEGBUR/02625
this time. Sinple shaking of the sealed tube will ensure that at

| east some sanple material 5 is transferred fromthe swab into the
liquid. Alternatively the swab may be provi ded as a separate
conponent as part of a sanpling kit. These are available with a

pl astics snap-off feature enabling the4swab section to be
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Suitably, the holder is integral with or may otherwise
retained within suitable retaining elements on the body of the
cartridge in a sample vessel receilving position, in which a
sealed sample vessel can be readily inserted into it. However,
it should be moveable with respect to the body from a sample
20 vessel receiving position to & closed position in which the
desired position of the seal of the sample vessel in relation to
the cartridge is achieved. For example, the holder may be
pivotal between a sample vessel receiving position and a closed
position, or it may be sim?ly lifted manually from the retaining
25 elements on the body and inserted into, for example a sultable
recess such as an aperture or channel within the body section of

the cartridge, wahich forms the closed position.

In a particular embodiment, the sample vessel is fixable in the
30 closed position by means of a leocking mechanism, such as a snap

fit tongue or flange, fitted onto & holder where presept, and

arranged to engage in a slot provided in the body section of the

cartridge.



5 Suitably, once in the closed position, the seal of the sanple
vessel is covered and is suitably substantially conpletely encl osed
by the caM@dyel?4480l der and/ or | ocki ng nechani sm and BOI/A=B2ugtizeniger
accessi ble for renmoval or breach by an operator. 5 Thus in a
particularly preferred enbodi nent, the |ocking nechanism such as the
snap fit tongue or flange effectively covers the seal of the reaction
vessel once in the closed position, so that it is effectively
substantially encl osed by the body sectd on and the tongue or fl ange.
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The opening system may take various forms depending upon the
nature for example of the sealed sample vessel and the
configuration of the apparatus for example. In particular, the
20 opening system provides a means for breaching the seal of the
sealed sample vessel, for example by removal or breach of a cap
of the sealed sample vessel. In a particular embodiment, the
opener comprises an actuator for moving the sample vessel, for
example within the holder so as to force the seal of the sealed

25 reaction vessel into piercing contact with a piercing element.

For example, the piercing element may be a needle and piercing of
the seal by the needle is facilitated in this case if the seal
comprises a plercable membrane as discussed above. In a preferred
30 embodiment, the piercing element comprises a plastics hypodermic
needle-shaped tube formed in a recess with an annular seal that
interfaces with the face or outside of the sample tube so as to

prevent unwanted leakage of the sample material.



6 Once opened within the apparatus, the sanple may be subject to

chem cal, physical, biochem cal, analytical or assay procedures as
requi red. W 200%¢d448sone of these nmay be carried out i nPETHEBHEHYI2ES
vessel itself, but nore usually, the sanple will be 5 transferred to
one or nore reaction chanbers for further processing. In this case, a
delivery device for delivering a liquid sanple contained within the
sanpl e vessel to a reaction chanber is suitably provided. 10 The
reaction chanber may be provided in the apparatus or it may be
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needl e or piercing el enent used conprises an internal channel and the
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and protected from contam nation fromthe surroundings for as long as
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In a particular embodiment, both the reaction chamber and the
delivery device are contained on the cartridge, so that at least
290 +the first subsequent processing steps are conducted on the

cartridge.

Tn a particular embodiment, a piercing needle oxr piercing element
which either forms part of the opening system of the apparatus

25 or, where provided in the cartridge, acts in conjunction with the
opening system of the apparatus to breach the seal, forms the
delivery device. The pilercing needle or piercing element used
comprises an internal channel and the end of the needle ox
plercing element remote from the piercing end is positioned in

30 the reaction chamber. In this way, when the piercing needle ox
piercing element enters the sample vessel, liquid sample may flow
directly out through the same needle or plercing element into the
reaction chamber, so ensuring that the sample is enclosed and

protected from contamination from the surroundings for as long as



5 The liquid sanple may be drawn al ong the delivery device such as
the piercing needl e or piercing elenment for instance using a reduced
pressure A&YOYWe048 However, preferably the cartridge BEHGBH®8/002625
apparatus are configured so that when a sanple vessel is in 10
position within the cartridge and the cartridge is in position within
t he apparatus, the sanple vessel is inclined with the piercable end

| ower than the base of the tube so that the liquid flows under the
action of gravity out through the deliVery device. 15 Suitably, the
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hol der or t he seal ed sanpl e vessel and ensuring that the actuator is

of a reP atively 5 small cross sectional area, and the holder is
provi ded wigditaply, the delivery device is arranged to ensure that a

predetermined volume of sample is delivered to the reaction
chamber. This may be achieved by the incorporation of ligquid
measurement devices within or associated with the delivery

20 device. However, when the delivery device comprises a gravity
fed piercing needle or pilercing element as described above, a
predetermined sample volume can be delivered by ensuring that the
volume of liguid placed in the sample vessel during the
collection stage is constant (within a set range), and then

25 ensuring that the needle or piercing element enters the sample
vessel such that an open end is in a predetermined and
appropriate relationship to the meniscus of the liquid within the

sample vessel,

30 In a particular embodiment, both the delivery device, such as the
piercing needle or piercing element, and the reaction chamber are
contained within the cartridge. In this arrangement, care needs
to be taken to ensure that a sealed sample vessel may not

inadvertently come into seal-breaching contact with an element of



opening of a size which is sufficient to allow access to the actuator
only. In this way, an operator's fingers for exanple, may be excl uded
fromthe wRwooh4st he hol der so that inadvertent noveR€nGBIUS/H1I625
sanpl e vessel within the holder nay be avoided. 10 Suitably also the
sanpl e vessel fits into the holder in a snug manner, so that novement
with respect to the holder and towards any piercing needle or
piercing el ement can only take place under the action of nature of
the direct pressure fromthe actuatorg Furthernore, the seal, for
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any piercing needle or pilercing element can only take place under

the action of direct pressure from the actuator. Furthermore, the
nature of the seal, for example the thickness of the rubber

15 membrane is selected so that it is only piercable by the needle
or piercing element when a significant amount of direct pressure,
such as that supplied by the actuator of the apparatus, is
applied.

20 The apparatus suitably contains further elements which allow the
analysis or further investigation of the sample to be continued.
Thus it may for example include elements suitable for carrying
out a variety of chemical or biochemical reactions, analysis or
assays on the sample. For instance, the apparatus may comprise a

75  device which carries out sample preparation procedures to make
samples such as clinical or environmental samples suitable Zox
procedures such as immuncassays or nucleic acid amplification
reactions. In particular the apparatus may contain all the
elements required both to prepare the sample and to carry out the

30 subsequent analysis. An example of apparatus of this type is
contained for example in W02005/019836 the content of which is

incoxporated herein by reference.



WO 2009/ 019448PCT/ GB2008/ 002625 9 The-cartridge al so suitably
contains further elenments which are useful in the subsequent
procedur eve oophiveds t he sanple are required to be subj BECT/68200808B6&sh
further elenments may include one or nore reagent chanbers for hol ding
reagents or materials required to continue the analysis of the
sanpl e. These reagents or materials, which include wash sol utions,
diluents or buffers as well as reagents used in the subsequent
procedure, are suitably predispensed ifto 10 the reagent chanbers.

Where this THB/QE;Y@_S_Ld%ér@LS% Qﬁ%l@t écﬂ‘%alflgrftﬁ)ﬁﬁgple%efa?ntesthl?% are
nucl ei ¢ aci d from sanpl es suspected of contalnin

reagents may°9 H&IHhéhﬁy%‘fbée%"ar&ﬁfgcq%ﬁreéx%rﬁpéc%%t POBAECAS salts,
bact er i ophagsjuieas ynese whibgbctmy. | yophi | i sed, detergents, antibiotics
the |like. Wiere the subsequent procedure i nvoI ves sanpl e anal ysi s,

ot her reagents such as dyes, antibodies, enzynmes (including for

exanpl e Dol SHfdr BeEEheR 7 SHEent o rmapChclusef prog ©r Beld sesuwtt asammgaesi um

salts, may he hochisgededdent w&rxalfa@fmrl%agé@g_&aam%@l&% Hhe
cartridge. Ho\ ver e rangg%l BOSSI bl e reagents is very |arge and

SR §T d58EHeEs PE, PAFEFERHA NP U t he

they wll be Sl ett d oh
nat ure of tHelehenisshl S@mtbpmrheinﬂeaitsr eactiifarorasanal y sisSredgeagsay

to which th@se%lamliﬁld susidl.ect %ocg&rLbeaf@%%ﬁe%}ﬁwB Lf{%g@%see%{e%ﬁese

solid OL uid form Wien they are preédi spense orm
my be A a-¥oFPIFPEWIRFPE8ad, capsul e or pressed tablet form or
they nmay be adhered to nagnetic particles or beads, such as silica

beads as ispnell. 3Q k art ent chanber ont ai ni ng
pr edi spensecﬁ&ea%ent sg‘gér/%egu?%“fbleyprseéﬁre or f%?aerzfﬁf“%f%(s\ﬁl N6k

seal s whi chPufafipe BreftoabsanmicshFrsndréedpparattsindsy nepldnl torcs.

These may baeaalgah&gﬁr@b Wdihagb hﬁysﬁor@é&%wtf&% eRip1ieNc@e RabLL Gl arly

preferrfgi e”q% rgaéférloﬁﬁage, enzymes which may lyophilised, detergents,

antibiotics the like. Where the subsequent procedure involves

sample analysis, other reagents such as dyes, antibodies,

enzymes (including for example polymerase enzymes for PCR),

buffers, salts such as magnesium salts, may be included in

20  further reaction chambers on the cartridge. However, the range
of possible reagents is very large and they will be selected on a
“case-by-case” basis, depending on the nature of the chemical or
biochemical reaction or analysis or assay to which the sample is
subjected.

- 25
The reagents may be present in solid or liquid 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
magretic particles or beads, such as silica beads as is well

30  known in the art.

Reagent chambers containing predispensed reagents are suitably
sealed for example using foil seals which may be piercable within

the apparatus using cutters. These may be integral with the



is renoveably housed in the cartridge, for exanple within an
appropriately shaped recess or aperture in the body section, so that
it is avaiW%%‘f"é’”*”éfg use in relation to the particul ar BCEGSAIE/AI2625y
bi ochem cal reaction, analysis or assay being carried out. O her
mechani cal elenments in addition to the cutter, in particular those
whi ch may be of a disposable nature, which are 10 useful in or
otherw se facilitate further chem cal or biochem cal reaction,

physi cal processing, analysis or assayloof the sanple, may al so be

r enoveabl y appaseohs Nodth @ncardat-k dGE.a xSy Chr el @ A tesbtdbiynehc | ud@t tev i ces

ired I [ :
require t%s@é’r?ov%lg%% t?'l%ilségar%glgﬁlé%sc%%g% rials eﬁgéﬁé?eefgﬁu?ﬂuaﬁ?er to

anot her, such as p ors, or sheat hst ore, as well
as smal | depprerrisgely #52ped treFsss SoppRydire ik éhg, badipge@iien. wit ch

may requirenhe He ikNiFAdused doht @sLhanbertibh thens Parsecfart he
chem cal,, bi ocheT'ecaI or _anal )_/Lti cal_.procedures or assgfyg..zo i ed
Parti cuPar BXENH 8T P oShFT e " pTE PR ord A & USSP T BRaP P PGP T T 28
2007/ 028966utthe contents of which are incorporated therein by
reference, whereas exanples of sheaths for magnets useful in
transferring magnetic beads or particles and thus any reagents
attached t HEPBE FPosantiddc P PudtFoln &8dnpte A W2 6887519886, 25 | f
desired al s@rtpétdeeSshdrg eRIPOReNntise stich dspheatler sati8eni weitchr sret .

whi ch 1Ry Re LeAulr ed Lo LLeal LEp0RNLs AL heRARAk, M XLUr 88,  ansur e
that thHey are in-a esyreﬁ p“chy5|c§1 state and any tirnme during the
procedur e, nfaptidrsorhesicehoNRAsE§iB0 RBUSEEd Sopr 32 1 Ehegample,

Mechani cal glenesd $eSeehvase GULLEES ol Pl (@k-Sxid¥BYNEdEh0s1 SR8t hs
therefore, as well as other sheat hg t%s det a

il VWO
200010104438¢T} Ceip0E D185 o 7o 10 move BanbledPilager®s or

materizls from one chamber to ancther, such as pipettors, magnefs

15 or sheaths therefore, as well as small devices such as filters,
stoppers, mixers, caps etc. which may require to be introduced
into chambers in the course of the chemical, biochemical or

analytical procedures or assayvs.

20 Particular examples of suitable pipettors are described in WO
2007/028966 the contents of which are incorporated therein by
reference, wheareas examples of sheaths for magnets useful in
transferring magnetic beads or particles and thus any reagents
attached thereto are described for example in WC2005/019B36.

25
If desire@ also, processing components such as heaters,
sonicators etc. which may be required to treat reagents or
reagent mixtures to ensure that they are in a desired physical
state and any time during the procedure, may also be removeably

30 housed on the cartridge.

Mechanical elements such as cutters, pipettors, magnets or

sheaths therefore, as well as other sheaths as detailed more



fully bel ow, and processing conponents as described above, wll
col l ecti vela/ be referred to hereinafter as "noveabl e conponents”. In
such cased¥0 tW& ' Wit¥ar at us is provided with neans for aPElEERHg0B62S
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 apparatus may
conprise a noveable armwhich is able to interact with any noveabl e
conponent on the cartridge. 10 The movidabl e arm which is for
exanpl e, arhobPbklodl Bndi Broaubial) yopraendehanidebedbgratbadeyiwid,l so
that 11 can plotyBi Al [DMEARY & LAIPONERLS, NALISRG, Q1L nbBhLdd dge
and lift if p out of TtS associ ate recess or aperture. Suitable grab
devices are 15 known in the art. The may include forked el ements
whi ch ar ed@]gllr angedatsy,r ﬁﬁ@\@@akabftldsnaer@@vme& fwigppﬁeﬁsmfsi ﬂdlizelayicessing
posi tione anges on the noveable c onents,..but_ m SQ..C rise
cont r ol Pablt8egf gﬁﬁ??‘l@'%ﬁ%‘?onﬁm@% ¥ g?%éméwé? (R e géﬁ%ﬁs’?’eﬂ yu%ggr
portion of thae wfeyt fen fovedbltbe componehtiincAtrn AR tive cheveabl e 20
conponent aﬁgg%hénﬂ%gygeangﬂ{j!c%ﬁl & &@apt@tdc@ﬁ&eswﬂ Asch banges Ly

ic

recesses are arranged to interact wth grabbi arms, to
faci|itate aRBYEHRE DTSRRI 4t MR FELY STyt s h"’rl]‘gﬁai['o amﬁfﬁic/"’é%tbl e
conponent hekd afy A5vddrecatdnprRynbenpelsd tda@hettigegbove an appropri ate
reacti o@ or reagent chanber within the cartridge. The arm nay be
noveabl'e laterally as well as vertically in order to achieve this.
However, i Tha pardabéelam ewbicdi henfor erEwdem # t98PF T $ lovdabl e only
:cn a ﬁl ngl %u@kﬂ@lﬁﬁb@&vmwgﬂgﬁ aveFdd eablos, @Bdtl-&t]'E Lanspopicl3pnEans
or the cartridge is provided, suita as part of the.apparatus, So
as to al | oWfERE FE™ Easiri?uﬁe#a?ré?g¥ &I DR h{a]ffftt Eg%gr 1ér?wH?raoyfsbe
posi tioned idisr ecddajadboreceactr eperpne. on Théaicky prakigevisrs ddPng
reaCtl(¥3 cfgygggrfh t&ga£¥¥1t @%Ea%g9r§héi§d@5%drked elements which are

arranged to removeably interact with appropriately positioned

flanges on the moveable components, but may also comprise
controllable grabbing arms, able to close around an exposed upper
portion of one of the moveable components. Again, the moveable
20 components may include particular adaptations such as flanges or
recesses which are arranged to interact with grabbing arms to

facilitate mowvement.

The apparatus is designed such that a moveable component held on
25 the arm may be positioned above an appropriate reaction or
reagent chamber within the cartridge. The arm may be moveable
laterally as well as vertically in order to achieve this.
However, in a particular embodiment, the arm itself is moveable
only in a single dimension which is vertically, and a transport
30 means for the cartridge is provided, suitably as part of the
apparatus, so as to allow it to be moved in a lateral direction
that the arm may be positioned directly above each element on the

cartridge including reaction chambers, reagent chambers as well



WO 2009/ 019448PCT/ GB2008/ 002625 12 as noveabl e conponents, so as to
all ow the desired sequence of events to occur. \Wen electricall

operat ed PrOCUYEPAY components such as a heater 5 or sBﬁT’@&?‘BF’%‘};é%Se

supplied in this way, it nay be useful if the connection between the
processi ng conponent and the arm of the apparatus were also to
provide an el ectrical connection sufficient to provide power to the
processi ng conponent during use. Fbmevié, such el enents may be nore
conveniently housed 10 within the apparatus itself, and arranged to
be del i ver 35 foreadanphewdnenthe sapps apr baler charkes red digesar bEi dge
at the requiveedstid®ccdhe almitself or an adjunct to the armon

whi ch the processing conponent such as the heater or sonicator is
fitted, nay be used in order to ensure that the conponent can be 15

posi ti oned vamnnemﬁsaeqmiynop@}a&teamdcasau@@eﬂa@dne%stélfchcéé taf ih@Q@er

Where c S at qr heaters are fitted
appar at ?;pfar}e{g%;élséa\tl&vggsa&h gul%é:\lelegener%i'ia1 3%t &hdBy ]f’%rusregbjedtfeah‘?o

use and forcqnﬁﬁ%?léinoﬁet‘/f?ea élaﬁnwlreceqmnpammpggézatr aad| tpuiadn semphe

within a chamhestusThese idlsbt &8 lkov{BY a62USRSOIB REAVIKIB,aS the use
of a non- d| ?s abl gew ce,i.n such a way that it cones 1nto direct

contact 25 Wth a saipl®¥ o iguiPever i oSt RFOFPERITGr COrRANERT riilan. Over
tinme, theselS@@nﬂtm@masr regegh belcowet s aialyelde mforéacﬁd”ﬂv&hedltlf_yhhl&lsed

i ncreasigng J:heik Sk ngpﬁléggs Qggg.gn %gbl ?&an Ihe _I%D% % ant s c9ve found
that this risk can mnimze acl YRRTCIC
di sposabl e, =¥5%&te ttﬁet]iﬁ" €€8§%F?%t€o?%ﬁ’6lﬁéﬁtozbéh%r@rt§§edgel At peiret i cuI ar,

\C/i\he_re a prosessiay tﬁmpon‘ﬁetaﬁu&hs@& arl‘@ﬁfaaﬁuzl_cg: usedhd gepeadedhYen
uring a pagLli I i oC emc rocedure or, assay, a new
di sposabl e 19 C%lsgﬁgf ag i pp‘l1 L &CRE G CastYrcator is

1tted may be used 1n order to ensure that the component can be
15 positioned as necessary in relation to a chamber on the

cartridge.

Where components such as sonicators or heaters are fitted to the
apparatus in this way, they are generally intended for repeated

20 use and for immersion in a sample, in particular a liquid sample
within a chambexz.

This in itself, may cause some problems as the use of a non-
disposable device in such a way that it comes into direct contact

25 with a sample liquid brings the risk of contamination. Over
time, these components may become soiled or tarnished, thus

inereasing the risk of such contamination.

The applicants have found that this risk can be minimized by

30 placing a sheath, which is disposable, over the processing
component before use. 1In particular, where a processing
component such as a heater is used repeatedly during a particular
chemical, biochemical procedure or assay, a new dispesable sheath

is suitably applied on each cccasion.



WD 2009/ 019448PCT/ GB2008/ 002625 13 Sheaths of this type are suitably
r enoveabl .Qnh the cartridge in a simlar manner
Xv@?dﬁ?/ﬁ&ﬂ; Pfé@g}a%smozszs

nmechani cal enents descri bed above, so that they are r

avai l abl e and can be 5 accessed and positioned using the atmin a
simlar fashion. Thus, for exanple, the sheath nmay be provided with a
lip or flange, able to interact with a fork on the noveabl e arm of
the apparatus and lifted into positionlﬁround t he processing
conponent as necessary. 10 After use, they nay be returned to the
cartridge for disposal or disposed of directly. The sheath is

sui tably masteaths SoPhass i1G9e0krLlsASL MBS bCndR a8 &lohala Angdnihere

they are ing er'l@:?_g f(g_g1 use |,g con4 unction w th_ reusabl e heaters, they
are preferably nage “0f > a tHeP at Y= drid (et i Mg pritl elensgitsexanpl e

pl astic filde=gnibeh sboren sei tratdéhey wrecoaamElgi abdiyanvaidnable, '‘Leool
pol ymer "s maj &fdsak : 1 i L s.in_h e fficiency.
20 Such sheat hs f%r%gaﬁ?sul%?ﬁg%&]éls%ggt&%?at 3"?1. Aven ?%%.ga\ﬁﬁjé?%' heat ers
are provi detF4n tPe SXpPRicat tRe sheayh dwhvt B IRFovhéest porhate Lienper at ur e
sensors, sofldmgt, tdrdet Boperatatic wath & 25-k GR0CAL eS8 |:8ni &k WALCH

they are inmes , erm ned, . Wen_ a sheat h_as described above
is used, sone acgﬁfsﬁgggib%nfq% Jtrfr::t]eo gg%ia’%lé’ ud" npl aﬁepﬁ%%eessgslﬁ?y to
ensur e t hat “¥Rese" T 8adreRFSSare accurate. 30 In a particul ar

enbodi nent, where the apparatus includes both a magnet to facilitate

removal of beads or Eﬁrti cl es from one chanber to another, a heater
may be incorporated rito BKe" et eh tPnthe crEtEdgR BB rROSTRY 0T
ful fil botefspreed oisdForctly.

The sheath is suitably made of a plastics or elastomeric

13 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 boren nitride
or a commercially available “cocl polymer” material, so as to
minimize any loses in heater efficiency.

20

Such sheaths form a further aspect of the invention.

Where heaters are provided in the apparatus, they suitably
incorporate temperature sensors, so that the temperature of a

25 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

accurate.

30 In a particular embodiment, where the apparatus includes both a
magnet to facilitate removal of beads or particles from one
chamber to another, a heater may be incorporated into the magnet
so that the same element may Ffulfil both functions. For

example, heating elements may be incorporated into a core of a



exanpl e, heating elenments may be incorporated into a core of a WO

2009/01944,@5’%/ _218;08/ 002625 14 bar nmagnet and this m¥c¥@39§0§ﬂoz??4h
for the transport of beads or particles, or the heating vessel or

chanber contents. In that instance, any di sposable sheath utilised to
cover the 5 nagnet when it is deployed in the apparatus is suitably
of a heat conducting pol yner as descri bed above. Such conbi ned
magnet / heaters forma further aspect of, the invention. The apparatus
may al so conprise devices such as thermal cyclers, 10 optical readers
such as f| berimemersandashivelrdayabe dised prdcdssitg dewvispest 1 BAGEY to

col I ect, angl ys&;andl or,.r e60nd.8L.OnalkSyddQm 8N enahsdbebnvdddai.n t he
cartridge or apparatus. The selection and arrangenent of suitable

devices within the apparatus will depend upon the nature of the

chem cal ang bhochastadle, r &ac iispowiblassisathSutbidiingd condoetedheand
will bewthin the amit of t j el [ eat
mul tipl 3 mFEART é"r%g%%oﬁgn?%plg)re{gg%ia%ggr%%éggguscgrgtﬁ%&éy%pﬁgoﬁp t he
possi bi | i t yeonbattimgerSHmel eap Cepar RS APPER aftHb CoBN A% si s may be
carried outpyRe8/d-araed Yookl d -weohat RegdeticE ERNPLVSLTIGNL he
cartridge. Such units, including where all chanbers are noveabl e
conponents, may be readily disposable after use to avoid further

cont ami nat imwe epskstufurtyhetsmrenpbisec dadirsts pgchans askarpal rewelsthgl e

cartri .dﬂ)e’ thtigél %ﬁéé@ %uEﬂ %5 fﬁ.@%ﬁ%tgbﬁ, lalsStfe 10f a@rcﬁafﬁaspj:cfbe_%@ﬂﬁcﬁ e
| abel | ing si'nce the cartridge itself mag; be Iﬁbelled{fgt .t he tlngE of
i ntroduct i GIFVaFes HEransRst &° FUeekafifeYERing’ & SPERtArd9Bar® &568
| abel i ng syt eRamandwihen abelcanttidgeenni appaict tud.hehs ambetion and
t hr oughout érr}:eangenn?e!r*t !?)E as!uiQEQf&%%(r?CeéQrithin the apparatus will depend
upon the nature of the chemical and biochemical reaction or assay
15 ©being conducted, and will be within the ambit of the skilled

person.

The inclusion of multiple moveable components and chambers on a
cartridge opens up the possibility that the sample preparation

20 and/or analysis may be carried out in a largely self-contained
unit comprising the cartridge. Such units, including where all -
chambers are moveable components, may be readily disposable after
use to avoid further contamination risks. Furthermore, by
conducting an assay in a single cartridge, it is possible to

25 reduce the risk of errors in sample labelling since the cartridge
itself may be labelled at the time of introduction of the sample,
for example using a standard bar ccde labelling system, and the
label will remain with the sample throughout the analytical
procedure.

30
All processes are sultably carried out automatically by
programming the apparatus to move the relevant components,
reagents etc. into contact with each other in an appropriate

sequence. For example, as described in WO2005/019836 the gsample



Al'l processes are suitably carried out automatically by progranmm ng

t he appar ve the rel evant conponents, reagent
contact wi @%’g@ g%t her in an appropriate sequence. FO?C@%%%%’WZ%”S

described in W2005/019836 the sanple WO

2009/ 019448PCT/ GB2008/ 002625 15 can be subject to a nucleic acid
extraction procedure, followed by a PCR reaction. However, many ot her
procedures in which safe sanple delivery is required may be

undert aken using the invention by approléri ately designing the

appar at us aff peogiRimAtnEe ia nEckicordihgikradtienappidedats,0fodf ogadc h

robotic techpifuwes :&e%c\ﬁ@blh k'ﬂ@%@@vérn ﬁr% Bther %@Becﬁd}%spﬁ’%?éh fe
i ncludes a thermal cycling ste{‘)}such as a PCR" the apparatus wi T

sui tably i nef e gejtlﬁ"?rrﬁats et aRg B%Wllt?eun‘i‘@ftﬂ"ién\}’e%%ltl}enlwféihotlhe
thermal cychy rpprspciatel e esutnimy the m&ratweddqrrotghjm@t it dge if

requireds Howeuat, Al t erpatd, }é?lé’at \é’ﬁetf [1,gngene H

cartridge and the apparat us suc e BPEparacrd uéal'"3 i’ﬁé”eu
sanpl e onl yk‘?*%f'mcatlr“rl'@daé‘&t on the cartri dge a particul arI y suitable
arrangenent is that t he 15 prepared sanpl e ends up in a renoveabl e
reaction ch ntragferredtq ecific thernal

cycling area as |Y\{Fr°c rate Exa |ﬁy%?60% H1883b7° HRdver,
this may nofhalaraysive Heblee:sata,blandmtlhzelel acorepos Rtdyehinf cavodanber

uhi ch Ry bend hesgE L GickegroNiRa £5LLL RS vpuLd ooty gyt pocous

in 20 that it would allow further si ion o atus.

app
Use of el eckFiitaPTSH c?BnH]Eﬁ:t‘iaﬁtj“tﬂﬂeyﬁErreﬁé‘“aeqTea{’I‘e‘t’theér rernatively,
cycling in pat tw arrangdEGRr efdhkotsstrasgs esar tihedpgnchekai M chn

WD 9824548 éﬁiﬁe oY %I%BEEQ{J.OWBE h:hies sar&ﬁ%r Qr?_{yatlgdcgrerrlgd oubc,y on the
cartridge, a particularly suitabls arrangement is that the
15 prepared sample ends up in a removeable reaction chamber, which
is then transferred to a specific thermal cycling area (as
illustrated for example in WO2005/019836). However, this may not
always be necessary and the incorporation of a chamber which may
be thermally cycled on the cartridge would be advantageocus in

20 that it would allow further simplification of the apparatus.

Use of electrically conducting polymer as a heater for thermal
cycling in particular in PCR reactions, as described and claimed
in WO 9824548 (the content of which is incorporated herein by

25 reference), provides a particularly compact and versatile system
for use in conjunction with the system of the present
application, since the ECP may be readily incorporated into a

reaction chamber which is housed, if necessary removeably housed)

on the cartridge.

30
Generally, the ECP is used to coat a reaction vessel which
comprises essentially two parts, a relatively wide-mouth upper
section for receiving the sample, and a lower sealed capillary

tube which then acts as the reaction vessel. At ieast the lower



25 reference), provides a particularly conpact and versatile system
for use i i fJon with the system of the present i I

si nce ther;lﬁé:‘%%’m"rr}g{3})(i Ye readi y incorporated into a react ?QE)G?%%%@?ZS
whi ch is housed, if necessary renoveably housed) on the cartridge. 30
Generally, the ECP is used to coat a reaction vessel which conprises
essentially two parts, a relatively w de-nmouth upper section for
receiving the sanple, and a | ower seal capillary tube which then
acts as the reaction vessel. At |east e lower WO

2009/ 01944 8RET+CRROOBY0026@se HompsiemiseBCR apiiFh affertibeeldonprs §8s2 ECP

whi ch ef f eliigNe) Yolfl$113818 HABEYn&ORELQIH, abhén kesbetidng ecditates
when el ectrical” contacts are placed across it. 5 In particular, the

reaction ve<&ePREEedtBSchlry out PCR reactions in particul ar rapid
PCR reactions conprise a capillary tube. Capillary tubes, open at

both ends, A 8. used) Louthaely,d:9oRCAEE; dSEhNEH Mokys etn (€9
bl ood) sanp eEt or anal ysi s. ey are self-filling by capillar
attraction zmadtiens gerrarairylais grid P48 PATtafRT &P REHTs & %%Ddilﬁflﬁf y
tubes are usgd.f@pilapid RERs ARRkhCal bl dndsprans deed heuepid iyum
profile for heat transfer roviding.a mninsed.dist: Fr he
sanple to ﬁ‘l’é{ué’é%rc%gl%?fﬁgg%’f‘%g O\ér g%%%llf?@]. Siﬂgi) %ﬁ gtg % e%%ggtghﬁrb'egﬁé:&
formats nayaml selbeEilsbe borcatid lsawatisasory. aBbeaaseensFeyl ha@éadt o

cont ai m@and, pr.event.e¥aporati on from aqueous sanples that are being
heated, these capillary tubes are sealed at one end, filled and then

stoppered. 20 Filling such capillaries with one end cl osed presents a
probl em suwdnaceatensbes drel dsed lfer senpberti aphbiasalibes dfo phevidebe
naklng a Seél %hgﬁmﬁngfﬁhi %Q?T%% ﬂﬂu&?@fHﬂb$r£§ﬁﬁ9%ﬂ£uulﬁmﬁ¥ﬁfCO”E
this surface tensron efr ect, capillary tubes usually have to be
filled by céitepeudgarinoths arpkTaot Be® ISPHEFR SEnRepHRE LB Hit 25

such anjarr angeremdqa iksnd | ddisbtated kled 06 esanpbe dhe YH2DR5AOID836.
For real -tine PCR

plicatiaons ere fluorinetry isused
optical ly tFeF5E Eiyoﬂe%ci Br S%D\tlj%lfl W &gav r{}ECOﬁQ;EfII%)Ort‘_’LLF:e %(ftr gllmf ﬁ%%gP%y
of filling tdmplesbehapenrsdeinhehqptedertesefcanddiaaltubabiriressoiled r

inside the gapjllary ie$; problenald.cspagause, these can nove, and
expand and contract, and possibly expel portions of the liquid

sanple, all of which can have optical effects which manifest
t hensel g@s asinN@ySeudinchprlidatas with one end closed presents a problem:

surface tension holds the sample to the walls of the tube making

a seal that prevents the air in the tube escaping. To overcome

this surface tension effect, capillary tubes usually have to be

filled by centrifugation to force the liquid into the tube, and
25 such an arrangement is illustrated in for example in

Wwe2005/019836.

For real-time PCR applications where fiuorimetry is used to
measure optically the formation of product, in addition to the

30 difficulty of £illing the tube per se, the presence of residual
bubbles of alir inside the capillary is problematic because these
can move, and expand and contract, and possibly expel porticns of
the liquid sample, all of which can have optical effects which

manifest themselves as noise in the data.



WO 2009/ 019448PCT/ GB2008/ 002625 17 Preparing a capillary tube for PCR
normal |y W&E‘doﬁfﬁﬁrl&he user to pipette a sanple (typi Cak’{:’ﬁ/G]}QﬁO%gWPZ‘?
[

mcrolitres in'volume) into a cup forned at the top of e capiI'Tary,
to place the capillary in 5 a centrifuge, to spin the capillary at
around 3,000 rpmfor a few seconds (eg 20 seconds), to renove the
capillary fromthe centrifuge, press in a cap and then place the
capillary in a thermal cycler. This prgcess can be automated in a
singl e device, also as described in W2005/019836. 10 In sone
ci rcunst ances, for exanple when space is at a prem um or when the
appropri at %rgﬁﬂzfi'ngué a&a‘p@ﬂlﬁy CAPPORLNBER inSrPl1 POSGEIH, the user to
centrifugation may not _be avail abl e as_an OF jon for tFLan ferg ng
reaction mPXBEHienEoSTRYP| FEMiEEI L AIST AR FYFEY Hod 61 11 iRy AAr? ow 15
aspect tubespi formewedt tthatt@yveirdshd kepfOraygt | on pdtcaithebednilldsry sin
t herefore required. In _partic r i.n e fedtNg fow
pr esent I’Si nvae% ?td:ﬁgﬁ%%\’/e\%r éﬁ;ﬁ %%%ycaﬁo\eﬁggrs%l?gbigre%g %% '?%fg f(?zz*tsrtgrfi dge
a di ff er entseRondshdpe 20 seeredsdontRHicBATE FracERtOaEY £ sHil e vessel
such as al }déQ@riﬂu@e?- ];lﬂérs%! ;{;:Ulaflhagrmﬁxi_ itff@.‘ntplfﬁeé eanpbialatheircartri dge
is genera rectan ar _In plan view, so t a .t upe e .
accommmodat ei“é?‘i'gtcﬁg#esré Fh?‘%@d:ﬁc?%sé E8n erea}ltgé‘atedT%g ac%?%(??edéigvﬁ%?
cont ai n nuldlispl & pasatield smMeRE0pfWOE88i ng 25 units stacked side by
side. Agnon-centrifugal capillary-filling neans was needed to fit in
with the narrow aspect ratio of the individual nodul es. The assa
cartridge d% @8RRrGBEHHSSER, ST UE8R %46 pf ptt taoPrﬁlﬂJdmf/ﬁr
particul ar +epi pot tz@prasrides ceidradurac O 200492866 flornex anpsiolee
carry out steps,sueh,as L reidrall apal { reasedt] od, ARATk%-43igN
a buffer contai niig purlnﬁyea Aucl &i ¢ acid Jrom the sanple. .
reaction mixes into capillaries. Another method of filling narrow
15 aspect tubes in a way that avoids the formation of air bubbles is

therefore required.

In particular, when using the system of the present invention
however, it may be desirable to make the cartridge a different
20 shape to more conveniently accommodate a sample vessel such as a
tube. In a particular embodiment for example, the cartridge is
generally rectangular in plan view, so that a tube may bea
accommodated lengthwise through the centre.
The cartridge may contain multiple parallel sample processing
25 units stacked side by side. A non-centrifugal capillary-filling
means was needed to fit in with the narrow aspect ratio of the

individual modules.

The assay cartridge as described herein, generally uses a

30 pipettor and in particular a pipettor as described in WO
2007/028966 for example to carry out steps such as the
rehydration of freeze-dried PCR mix using & buffer containing

purified nucleic acid from the sample.



WO 2009/ 019448PCT/ GB2008/ 002625 18 The applicants have found that by
modi fyi ng (E?ouﬁbﬁ? tor to make the tip much |onger and 'P’bﬂﬂﬁém‘%?

exanpl e w AR addi ti onal about 15- 20mm ekt ension with-an ou

di aneter of |ess than about Im), it may be used to fill capillary
sections of vessels. 5 This is further facilitated by profiling the
inside of the capillary section of the reaction chanber so that the
upper part tapers smoothly inwards so.gs to guide the long capillary
tip into place, the capillary section of the reaction chanber can be
successf ul Iye fapblechntist havet fneedlithgtty gafiiyiogt the PaReFIFUSATIDR 10

step. The Lhé'#hg ﬁ?ﬁ@ﬂé@aﬁ@@ﬁ%ﬁ@@sﬁo@ gya@@ee%muaﬁohcmtma ng

the reaction fixed position f exarrg an, th
cartridge. 2rpiE: éPp%Q“t‘?‘bFX’F“‘snSr‘-@ﬁD‘i’/‘écﬁbF‘ﬂ} cﬁé:lsd ﬁjlz?ﬂ {tt Jat oerSS 'th 15

can be rmvadommdeﬁ)flﬁeme@n:ter Qbed rtoafiledr tepalladyr esttiions Dﬁeea@etlﬁat or
i ch 10! Of e PRELLAN - 20d) LL DBk Vo At 1 8ns Qndx Ll ol upasE, al SO

under f ne BhtPo at “can be use 0 conpress the diaphra m on the
pi pettor soapblitravdsesiirn of té%p"eelacltFﬁful"dla-gg%IS@sthaﬁ@h‘F|‘ﬁ’é’e oRftTo

|?] pr O\]/-I) d_el_%apyrsstse@)@@{ Wli)flﬁr%s %’&1@3290 agiidat e Lean deelpragr anped so

t hat : e pipettor | S t a

appr oxi mat éP§° &ta&F t'e /2P %ﬁ?r% ogci‘% acﬁ’cﬁ cﬁ%égp% HB%

pi pettor i suthersposy tdiidhed vemhothtameeﬂ@%[?enf:ﬁrﬁ P‘st %ﬁé%?%%zdﬁéﬁﬂnust
above tlae WFéom of the inside of the capillary tube 3) The pipettor

IS then slo wi thdrawn and, as it rises up the capillary, the

pl unger is controllably depressed onto the diaphragmso as to expel

t he reagentrnli ¥111Ahg éde@ation can successfully be executed by holding the

reaction chamber in a fixed position for example on the
cartridge. The pipettor is removeably held in an actuator which
15 can be moved under fine control in a vertical direction. The
actuator which holds the pipettor additionally has a co-axial
plunger, also under fine control, that can be used to compress
the diaphragm on the pipettor so as to draw in or expel liguid
samples. The fine control is provided by stepper motors. The

20 actuators can be programmed sc that:

1) The pipettor fills with a set volume of PCR reaction mix
approximately equal to the empty volume of the capillary
2) The pipettor is then positioned so that the open tip is
25 positioned just above the bottom of the inside of the
capillary tube
3) The pipettor is then-slowly withdrawn and, as it rises up
the capillary, the plunger is controllably depressed onto
the diaphragm so as to expel the reagent mix into the
30 capillary so that the capillary is filled without bubbles

being formed.



30capillary so that the capillary is filled w thout bubbles being

f oLned. 5%@%@%@&%&9448PCT/G82008/002625 19 Such nEth?gﬁF&%{%%%%%%pg

capilliar ave applications outside of the sys

above, and thus this fornms a further aspect of the invention. 5 Thus
in a further aspect, the invention provides a nmethod for filling a
reaction vessel conprising a capillary tube which conprises
introducing a filled pipettor with an ongated tip of a dianeter

| ess than that of the capillary tube into the tube, and depressing a
pl unger of sthie yeithetis diori Al ipgntargllldarmdnhey hegesarrddceiiosgpel t he

contents i ghgs#ﬁeogagg Is?gyeﬁ URE AN ACORNGMN I B t¥ud #Hhdr axdrRgat he
el ongate tip of the pipettor fromthe capilliary tube at a speed
comensur at8cieh 2EpRetd e Feit yOFeREC8f 1iquid fromthe tube. 15

Modi f: ed pipettors, with elongate tips as well as nodified reaction
vessel s W t aper.i i_des_above L lJ;an Y. SE6H ssel
foim ygats f&?flﬁzi}r)n 55?)‘3%‘%5% s%?%’i%%e%??%#.ﬁ{l P ITth%irhpglﬁ%%?rfés t ake
any suitablféliprme beactinnpegdseéuremrrising 20°MigeeEHrtRavItHg an
Irrgaggr at ed &Q_B;{H’e@b@ﬁtﬁ{d}h_@ﬂﬂ@@d_&”mwbhﬁﬁﬁrﬁ&ﬂﬁﬂ ahher dagdyed sabdotap
er conprising a resilient diaphragm whi I eformable jn_a
downvar ds di ARG G, 1o &é@%rﬁr’ﬁédg‘?& gei?r%ﬁﬁ%W ﬁc% erbt(ff?/b'%%ﬁ%gf Such
pi pettors amel pardeseinh@rd plunger sfitrebbepdtorrube avcontardd hdmaearr
actuat of;s, Sueh a5 =B 0ef 9&&%:@? idto’ Photda6: deviCesnsuah as those

of the preferred e ments o
concurrently, withdrawing the elongate tip of the pipetior from

the capilliary tube at a speed commensurate with the delivery

rate of liquid from the tube.

15 Modified pipettors, with elongate tips as well as modified
reaction vessels with tapering sides above a capillary section of

the vessel form yet further aspects of the invention.

The pipettor may take any suitable form, but in particular is a
20 pipettor having an integrated cap member arranged to sealingly
close the body, said cap member comprising a resilient diaphragm
which is deformable in a downwards direction, as described for
example in WO 2007/028966. Such pipettors are particularly
suitable for use with mechanical actuators, such as may be found
75  in robotic devices such as those of the preferred embodiments of

the system of the present invention.

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

30 in which:

Figure 1 shows a plan view of a cartridge useful in the system of

the invention;



the system of the present invention. The invention will now be

parti cul a_r‘*,é; @5,’3?9&45}330' by way of exanple with refer encgg&&?g%gm%%ﬁ an

acconpanyi nhg diragranmatic drawi ngs 30 in which: Figure

view of a cartridge useful in the systemof the invention;

2009/ 019448PCT/ GB2008/ 002625 20 Figure 2 is a schenmatic per spectl ve
view of a cartridge useful in the systemof the invention which is
about to receive a sanple vessel; 5 Fi@ure 3 is a perspective view of
the cartridge of Figure 2 with a sanpl’@ vessel in place within the
hol der; Fi gumers42i s & pehspadt| verspeen of vidte cfapt tdrdgéded WFeiuy én3

in a "closeqd: ag%gﬁﬂwrthéonﬁﬂe%{& Shish AR epshiviewofeitBes Garprd dge
of Figure 4; Fi'gure 6 is an end view of the cartridge of Figure 3; 15

Figure 7 i gegs¥chemat i ¢ di agram showi ng how a cartridge of the
invention may be introduced into a apparatus in which a chem cal,

bi OChemscal OI‘ OtBher é%@%;?écct%%éax)’ie%r oPrt%%egﬂﬂ}g_dH@yofb%igure 2 with

a sample vessel in place within the holdex;

Figure 4 is a perspective view of the cartridge of Figure 3 in a
“olosed” position;

10

Figure 5 is an end view of the cartridge of Figure 4;
Figure 6 is an end view of the cartridge of Figure 3;

15 Figure 7 is a schematic diagram showing how a cartridge of the
invention may be introduced into a apparatus in which a chemical,
bicchemical or other type of assay or processing may be

conducted;

20 TFigure 8 illustrates a cartridge of the invention in position in

a receiving section of an apparatus;

Figure 9 is a schematic diagram illustrating a system for filling
a capillary tube, which forms a further aspect of the invention;
25 and

Figure 10 illustrates a piercing element sultable for the

cartridge shown in Figures 1-6.

30 The cartridge shown in Figure 1 includes a body section (1) which
is of a rigid plastic material and is of generaliy oblong
section., A clip feature is provided to facilitate location of the
cartridge when it is placed in the instrument. A central

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



conducted; 20 Figure 8 illustrates a cartridge of the invention in

Egﬁie};f?ci‘?@?%ﬂ@ﬁﬁﬂﬁ vi ng section of an apparatus; QHJE/‘EIB? 9'8/502"6‘2

agramillustrating a systemfor f||||ng a capiflrary 1
which forns a further aspect of the invention; 25 and Figure 10
illustrates a piercing elenment suitable for the cartri dge shown in
Figures 1-6. 30 The cartridge shown in Figure 1 includes a body
section (1) which is of a rigid pl aStlﬁ material and is of generally
obl ong section. Aclip feature is provided to facilitate |ocation of
the cartri tige hedgnsedtios (llace®h¢ whenesl st rimenen 3k eBAtFE but s

| ongi t udi ngl.charngl ) i fm@vm@@hlaf the Wée@dﬂoﬁla@e) (s3) teft WO
20091019448PCT/682008/002625 21 ¢ ggdy secti.o The annel (2)

i s open at ‘bnerEHEeHRt hs2HSEE Y E )er?é brogf” S$TAGER JFt he body
section (1)chslﬁhetlhaiz) iast erganeab by icnraed @aderﬁdgemé 4)s ehapdte shothpt

sectiong ﬁaccf;h‘%r&ngl Jgg%)ag@es SAcgeneial | %hcgrg/&q)lggs%ﬁ( ) andpks

shaped so £ accommodat e a W a seal i ng cap
(7). The cichamedl 2 is Jiflr@éﬁﬁ???bd‘oﬁ%%ﬁﬁérﬁg”atréﬁ/a?% i g (A7t s

that a |'Q‘1&.Quﬁ@ﬁin§l&%hﬁéﬂﬁdl Wi #Hiinn thdeube bes )( @)lwﬂllowftmrtlavmeds
the cap (7). 2 In the illustrated enbodi nent, the tube accommodates
a swab (8) C\‘Rﬁl His fixed to the cap (7) by way of a support (9). The
cartridge also contains a reaction chanber (10). A piercing needle

(not Shl%W“g Qtﬂ%s@ga%ﬁl DGk /ANt tﬁéﬁ%@sa&%&%&n:éshe &bnrchanber
(10) towards eca 7) wth a |ercn gat t he e%adjacent t he
cap (7). Tﬁ"élélap‘—s( f}x%ltf’a*bll“i/ lﬁaﬁc (la&¥ a3b| r 2 SBPE°RENY ane (11)
(Figure 2) in the upper surface thereof. When the tube (6) is in

posi tion i'%h%“@aé%%% nelafgz)COégginQQ£)ﬂéZZtlon chamber (10). A piercing

needle (not shown) oxr other piercing element extends between the

15 chamber (10) towards the cap (7) with a piercing tip at the end
adjacent the cap (7). The 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)

20 is sufficiently far removed from the piercing needle ox element
to ensure 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 the tube (6) in the direction of the arrow. This forces the

25  membrane (11) of the cap (7} against the piercing needle ox
element, which passes through the membrane (11} and thus breaches

the seal.

Any ligquid within the tube (6) is able to flow out through a

30 channel in the needle or piercing element into the reaction
chamber 10, where it may be subject to further processing.
However, no operator contact with the contents of the tube (6)
has taken place at this point and so the risk of contamination is

minimised.



20 is sufficiently far renoved fromthe piercing needle or elenment to

ensure th ot breached. However, the cartridge |
desi gned t 05%)9)813% tioned wthin an apparatus (not shoﬁéﬁ‘;gé@?"g%ﬁ?ss

provided with an actuator able to apply pressure to the base of the
tube (6) in the direction of the arrow. This forces the 25 nenbrane
(11) of the cap (7) against the piercing needle or elenment, which
passes through the nenbrane (11) and tlaus breaches the seal. Any
liquid within the tube (6) is able to ow out through a 30 channel
in the needle or piercing elenent into the reaction chanber 10, where

it may be subjart1tQsdMkkhes p@EQ%x%Sbﬂ&nenHOE\@lV@IblenﬁxoﬂﬁéGb‘IxDIthﬁont act
with the confents of the tube (6 has g@ken plaaefat tli S¢ Qi nt and
so the riskesF-iht afh REFEHEs® d. * e Lrom pias

2009/ 019448@6&&32@&8/1&@262@12%:1%@ ﬁ@dy I(IﬂaStvr:a:tlesnaa epide¢wd ng
el enent swogilbl e for use in gqgggc%; r:cl g&q Ahg Ri QL&Y anglaelrgggt +K40)

i's rradefromp(F iCS materia a cylindrical’ body (42) wth
one end cutto§ %I%u@#%ﬁqlégf@feﬁﬁ%trswaﬁ‘ﬁh PERRENYU6T. 2 dPFE 449 runs
al ong the t:Qpmed g ﬂi&&:@éf@n@l sT@ith: WU)Chigrevenhs cap af rthkeock

bei ng forned when the piercin e nt 0 t t he
tube, prevéPPhPHEREHIRIR® F78R Ir?(g:v?amnél t"%?lpg r%tﬁﬁlé %%e?g?rncqfnel ement
into the redetton ichaner rea'¢ﬂls>np¢@®ﬁng ’@llérmirﬁmﬂég nsteaend 496RE ol e

of roung cr %%% S b@nrodﬂgv\@i’c?gs’ sOhalal r!@)m%kr@ﬁeﬂile§cﬂ‘fg QLBRINtCEOSS
section co be used. The cartridge %l al so includes in side

sections a YHABFTGF E%‘?Fp]@ﬁe‘?ﬂ”sl o]i’e éI*8ffent s which may be utilised in
an aut omat ed 15 anal yt| cal process For instance, it contains a

nunber of f o8 gd gﬁe é]l%ci&?e)s m%[]ae”@xc&%%aa Mok i

reagents suc es etc be required for the
desired prmssn%%?raelﬁlﬁm% WhEEh ety Pﬂs‘)tlﬁfﬁ?e%&ﬁt 3 FUEEYERt s such
as soligh reagent sc8UghoasssPCRbaadtanteel it donthhes aubssguent 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
solid reagents such as PCR beads useful in the subsequent

20 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
sheath 16 which may fit for example over a magnet used to move

25 magnetic reagent beads from one chamber to another on the
cartridge as required. These moveable components are
accommodated within appropriately shaped apertures in the upper
surface (3) of the body section (1). They are arranged so that
an upper region projects above the upper surface (3) so that they

30 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 1lifting operation, for example as described in

W02005/019836.



20 processing of the sanple. In addition in this instance, the
cartridge,] el series of novabl e conponents i ncl

pi pettors%‘gﬁuwﬁ&opper 15 and a sheath 16 which may f.Hle gﬁ’é@‘g%’l
over a magnhet used to nove 25 nmagnetic reagent beads from one chanber
to another on the cartridge as required. These noveabl e conponents
are accommodated within appropriately shaped apertures in the upper
surface (3) of the body section (1). They are arranged so that an
upper region prol ects above the upper Surface (3) so that they 30 are
accessi bl e TorPy FPaBLF Y aFRTest 1A apputdacusr Treganbidse phovided
W th suit ableacatonilvassél a(ﬂgeesWﬁlthﬂ@ldohw& &ikRisn QbclOA38,St in the

lifting op xarrpl e. as ed in W)2005/ 01983 WO
2009/ 019448%%%1}‘%%5‘%%? b5 585 5P s e oqPEEethet & Fetigpble
provi ded i releReTkEt PRpijer (430 sesbne@tttthemmss’eda tolZ) thwreah di&16a@t ed

Wi th an sel galbbb&dld ¥us@nAUehiNG BRI W, 34, SO Which, when connected
to a suitable electrical supply, can subject the contents to a
thermal cycling 5 procedure such as that required for PCR The

ar r angenentThef attirgeness el whid vdbsaussed dikcaBse dﬁt:@:’lﬂe hetgiinaf ter
in relationd@;@iher ile | 4sLEALed erhod et s%rawléL art | dge
illustrated in Figure 2 contalns nmany conmon & %Ugh t hese
are slightly differently arranged to suit the partl cuI ar appar at us

and chg]rﬁl cathe bimchegt caliuetranal yﬁlﬁqgaf@éze@uﬁ%%f ﬁ&%ﬁ)ﬁ: ohREd:NY be (6)
carried out v in,this case r or t etue is
provi ded. ‘Fﬁeggxfdgﬁﬂ(\ Qh “5F st c}ltggB éﬁlf%‘ﬁr APATHIRIPS tapabt e
of hol di ng tthﬁepﬂrbéu%@ asvaehamhaam éenigr i, 7piadishs cagairnstaljtecend
(Figure 3) prIb@ddeaJ Q@ras(sla§) bé&%)é QQr{l%h%J’ced AGA AL Lbechggréa{sledge
body (1) n.u ? é ng vessel receiving position

clasp 20 (%@? TFi (&3 O% CRRGEEE dPspEsetrdrethe Theebokdsd d)$8)t ke

chanrmﬂlS(Zﬁiso tubular in shape and is capable of holding the tube (6) such

f a

that the cap {(7) abuts against the end (Figure 3).

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

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

Once a tube (6) has been loaded into the holder (18), it is
removed from the clasp (20), and inserted into the channel (2). A

25 flange (189) 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



Once a tube (6) has been | oaded into the holder (18), it is renoved

fromthe %ﬁ%ﬁwﬁfﬁ% and inserted into the channel (2) pgﬁc%?ouyutﬁ@%e.
e

(19) provi on'the side of the holder (18) is arranged (0 engage in
a snap fit |ocking arrangenment with a correspondi ng 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 substantiallyzgonpletely encased within the
cartridge and hol der and so are not acCcessible for fracture etc. A
space (22)afer-godalsel thosagpbarubede Peatrad 1Y iRfeREPYifsthen the

cartridge and. 2 Wddaws (Kdket 0@ oukpeWR: 24132/ 019448PCT/ GB2008/ 002625
24 a bar-code ‘on the sanple tube to be read may be provided on the
flange (19) and hol der (18) respectively. Sanpl e | abel s may be
appl i ed at sidiie paiballs hay theeaprlitedi digahfiorp@néxbppite partrddde Iogbel s

which mpy be.anpl hed 18 ansead ieghofld 20) aafiibherbedyeseabiom (1),

so as to facil'irtate tracking of e sanple through the anal yti lh

procedur e. {Ihe ofatke @Pdt’h%e%(%P’éle?l)(l%) FEnEP ufd’éélht?ﬁ'aftfa‘gﬁél t?ff% E24)
10( Fi gure SimpiEhenapemt vhe dnddyicishapedut®. al | ow an actuator of the
apparatus into which the cartridge is introduced to pass through and
so urge the tube (6) towards the piercing needl e or piercing el enent
provi ded arh¢ hHeseegf direohoidse lflfﬂgéHGJél—)de§SaG¥@élt?@%&Fﬁaﬁz&g has

passedihhr ough,.the) apehbussecadd . (uhei £anbpidge bsiaf bacidvmakyr of
"] ocke and cannot then be Qpenﬁg. The ,act uat oglti:sdl}cggn é/vitggr awn
whi | st t he tBariFPaT e tibe 1PEARTISR | W 68T 15 6H  at® M8557 it T° Fhe end of
t he anal yt iraabudiy aseditr erg@ Gheheulsan 6y i dyerdd )thesptdrapod PoERaAT it

may be receiyed jn eceiMiag SEehi A 9hna 54htablgeappar at us.
This is il Pﬁ%%lage 9%“%#% Jﬁ cal ?y in Fi gt??enl I'n thad?ecase, t he
cartridge receiving section of the apparatus (36) conprises a support

(37) IJQQViQﬁQe 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 into 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) saugly fits.

25 The support (37) is retractable into the body of the apparatus
(36), for processing. The support (36) is itself moveable (see
arrows) so as to align any particular part of the cartridge (1)
with an interacting element (39), which may be moveable in a
vertical direction.

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

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



with a recess (38), into which the cartridge (1) snugly fits. 25 The
support ( Jact able into the body of the appar WS for
pr ocessi ng‘za;mjg‘méﬁ{)port (36) is itself noveable (see a?% 00?%3623%5 to

align any particular part of the cartridge (1) with an interacting
el enent (39), which may be noveable in a vertical direction. 30 A
simlar arrangenent, is illustrated in Figure 8. 1In this case, the
cartridge (1) is provided with alip (ﬁf ) which engages the upper
surface of the support (37) when the cartridge is in position within
t he recess 88)vwherhghnotiupepri 187) | &5 seEparjed Soto WEe body of the

2009/ 01944&361&53%0081‘1&)%@2&&5 fwaapemﬁa th3eeSUPRY Lad B3 Edn I dhrey
retracted into th(—;C bog% p ar a the actuator for opening
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t he tube ( and” can
sanpl e i nt oeshel s@wpl BIJ\P@‘SS@VCl'(el@)‘CCmBB@ng trorot-duzfer. OCES Sdegi pydpcedur e.

|f T eauist edochid POkl Behdl BLdIEh-20 4R g@%@ovgggf}b@ oy ded to

fix the cartndge(l%‘ position on the support us |n use, a
sanple is COFFELTSE brl”e?%‘;ﬂlénf%‘i‘ ORefiRpaFt bi%dcheni cal anal ysis,
investigation or assay. If the sanple is a 10 liquid sarrple it is

sui t abl y p|1@lﬁ§dlrgl sgCt% %al’aﬂ]bgfﬁ lel(e@: M ch g:a'zsm ea%mf §\ﬁ/l cap

(7). Preferably the t'he sanp Fe %% RHO red, in
particul ar Hipchenlciat anad vei st H@VPﬁ’&F@@ttlh'gatqronsm ngIlE ame ea:lnz:dat is=

qual i t api VG.lk;{ﬂldlaiabhbﬂe, Qel§adm|t§bi5“%§a(5@y d@?eéﬂ%}cﬁh bfqzu%tﬂi ”Ff‘ﬂ(fﬂ"m
and mnlrrumflll \71! %l5to gmllt%tethe di spensin ui d

sanpl e and to°provi ERRs! Or CHECRTHY Y HEE ‘fc’rJr@m%d?'FpltBev%ﬁmBFrE iss
wi t hi n t he ¥neguigreds|nersused,| fint bertdanphe ifashdbernueodldreehed on a

swab, then ;thhessMAR:on being carried out is qualitative in nature. The

sample tube may be inscribed with maximur and minimum £ill lines

13 to facilitate the dispensing of the liquid sample and to provide
a means of checking that the sample volume is within the reguired
limits. If the sample has been collected on a swab, then the swab
(8) itself is placed in the tube together with a suitable and
preferably known volume 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 volume of the liquid is
sufficient to ensure that the swab remains immersed in the
liquid.

25
Then either directly, or when it reaches a laboratory, the tube
(6] is placed in a 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).



(8) itself is placed in the tube together with a suitable and

pr ef er abl XMIE%'%IPE&I ume of eluent and the tube (6) is 59?&3?@20@292520

with a cap € tube is then suitably shaken to enstre

sanple is transferred fromthe swab (8) to the eluent, although thls
may not be necessary if the volune of the liquid is sufficient to
ensure that the swab remains imrersed in the liquid. 25 Then either
directly, or when it reaches a | aborat £y, the tube (6) is placed in
a holder (18) of a cartridge. The holder is then inserted into the
channel (2)Atothiheobobly aseetiumiof 190 ¢ 2RPACEFIYGE aRePShEC REPEri dge

i tsel fdl s I@Q@h&?%ebgg&r&rge%ﬁg 30 dreasask b@g @q@mloag»@g qm} ]?éoe as to
cartridge receiving secfjon of an_appa tus esi o _effect the
necessary prgelitit e4°8o'ds “PHEFt E%‘Ip%ta rCl Edf

& CHI9 "BEOch&Ai TalFor
anal yti cal girecesiireesmert asselys rodgd mdsaﬁmﬂh@) car’@@d@@ t BuSfipgent, an

act uat ors o;brt Pgu H%r ?%%@uzst&acﬂéeguﬁeo (BASSY ttﬁé og&%&@@ S@;E?réour e (24)

in the bas so_as to ur t towards the
hol | ow pi erssisige newd Ehpre Pﬁ*’erseﬁﬂefflcﬁ n@ne’fl%é"n’éﬁ? %?t} %ﬁebrfeﬁaﬁ%d &¥d of
the cartri dge nSedifd eikefiler2ifpf @9suerc.i S applied to the tube (6) by
the actuator (24) to ensure that the rubber seal (11) in the cap (7)
is breached by the needle or piercing el enent. Because the tube §6)
i s inclinedatownndids tromaiblisit Hactinthgedpwwarde e rpF duicd “ &t dfhed

ther ei nigvi [ nd UBqLH QuahaiRe Holl-omw Wpiiar thrﬂg:h@6@<§ﬂ ener ndi1elk Ch NG cing

el enment direct|ly intqg the reaction chan‘g 1033 on the, car glhglag:e The
appar at us |%ee(dﬁﬁn°’él§118r‘fjd"ge1ef%r?:et“tpflb’& ¥ N>t 6P AT T84T ng
roboti c procedjupestienowntiinigehe art. A vertically noveable armis
suitably used to effect the processing, whilst the cartridge is
moveabl e, for exanple by Cartesian notion, so that the appropriate
chanber or TRAFERRFAEUSNIS HEeRaARYS HYeTfechlRepraasiia hiPhe*aFfi&t any

one ti Mg using robotic procedures known in the art. A vertically moveable

arm i5 suitably used to effect the processing, whilst the
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 cne time.

20
The possibility for assay design using this procedure is
limitless, as all that it is necessary to do in any particular
case ls to ensure that reagent containers on the cartridge and
that suitable other components such as the moveable components

25 described hereinbefore, are provided either on the cartridge or

integrated appropriately inte the apparatus.

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

30
To summarise that procedure however, a sample within the chamber
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



20 The possibility for assay design using this procedure is

limtless sidnat it is necessary to do in any patt.i £
is to ensmgi?uﬁ)g{)éggagent cont ai ners gn the cartri égg %%M@%’U&%%
sui t abl e ot her conponents such as the noveabl e conponents 25

descri bed hereinbefore, are provided either on the cartridge or
integrated appropriately into the apparatus. A particul ar exanpl e of
such a procedure is illustrated in W)% 05/019836. 30 To sunmari se

t hat procedure however, a sanple withi'n the chanber 10 which is known
or suspect ethmfiigeritwirntmpridel Pyokdiincepnsh 3 seaydijtetekero fEem |2

lysis. Thi g, fmycbeachiheyed.f ofapiamdeqby pirkeading the chanber 10
with a chemcal lysis agent such as . WD 2009/ 035?448PCT/ G%ZOO@AQC%ZGZS
27 guani di FREHPHFBEH GFi YoM EA YRGS deh S PRAY M- 3Ken " rom a
reagent coapﬁ@&ﬁsfd& acxaffpnatiksi g Bhazepet Tiorrel 4eadpptis mreodbeained of
a soni cator, i.ch i ui Y ror LWL h d e appa Us Q
combi na i of"3t % ﬁggefds é?%n)rééag%%t_s }g_irec\é%rf)?laiglr%éd 5 f?n%%n‘ a sg%%esgd
cont ai ner £@lbwiphepksnciny dife the Hey-Llnbif el B Ce S4BT o bk rgsett
Irorloer Clblng ofal N fa?imlavéaibﬂé cyhintphna:aﬁ:labht e cabteiiget 6£ldn mayedrelapart
veabl e conponent on the cartridge or an integral part of the
appar at us. °fot1h?a6f?8??actu8eads which are suitably coated with a binding
agent such an antibody specific for a particular target anal yte or

nucl ei (iOaClMg.?ggtrl%r LeAd YiniSHGH a5, tMBIPERIak8d withi §beads aeat then
i ntroduced, Tor into a sheath 16 and
such an antibody specific for a particular target analyte or
nucleic acid generically, such as “Magnesil®” silica beads are
then introduced, for example using a magnet which is inserted
into & sheath 16 and brought into contact with beads when it
15 attraction is required (for example to pick the beads out of a
container) and removed from the sheath when the beads are

required to be deposited, for instance once the sheath has been

positioned inside the reaction chamber 10.

20 After allowing the analyte such as any nucleic acid to become
adhered to the beads, they may be removed from the reaction
chamber (10) and placed into a different reaction chamber, which
may have been foill sealed until the seal was broken by a suitable
cutter before addition of the analyte. The beads may be moved

25 through one cr more wash chambers, optionally present on the

cartridge, at this time if required.

Analyte may then be eluted from the beads for example by adding
eluent, which is preferably hot, to a chamber containing the

30 Dbeads. Heating of the eluent may take place by introducing a
heater provided on the apparatus, which is preferably encased
within a protective disposable sheath 16 as described above.

However, in the event that it is not, it may be subject to



brought into contact 15 attraction is required (for exanple to pick

t he beads ‘79325009)‘019348;38nt ai ner) and renoved fromthe she?hglgg%@gltué%fg%as

beads are require be deposited, for instance once

been positioned inside the reaction chanber 10. 20 After allow ng the
anal yte such as any nucleic acid to become adhered to the beads, they
may be renoved fromthe reaction chanber (10) and placed into a
different reaction chanber, which may 2 ve been foil sealed until the
seal was broken by a suitable cutter b&fore addition of the analyte.
The beads rEaFIBRYI ifeed S nwhvatyh iowelsorhigy eavdsh cohsdliersin

optional |y s=880tci@RntNe wBaEE 144080t 3hat 1Y Sat LR dafo LGN T ed.
Anal yte may then be eluted fromthe beads fTor exanple by adding

el uent, which is preferably hot, to a chanber containing the 30
beads. Heatkengeots tdnét&hisefior nearriyike opk at eedBy réatitiedusdiynglso eat er

provi deds onpthg -apnar at Ui GiahSe Pr @5er Aged, w.thin a
protectiveqﬁ%%pgsable shegth 16|§s ﬁgscégﬁgghékgegigggﬂﬁﬁgr?Pﬁh t he
event that FEPEISUELeE, dryPdeisubiecpet epntagnips phnblistdepackesiong
wash |i qui ds=ishestramayd Eceoriaisansld,N tbeagpnt 1 chanbess Wai sdk are
optionally cariridge. .Reagents suitable rcarrying out a PCR
reaction na%%g%ggs ’beﬁé&bnr’eglé?ré&) rlgﬁe%urre 8atty %ﬁ %‘%‘ger%g?,a t8F‘g5‘>&%]rﬂJ¥ e by
addi ti on ofv¥ighdni thebrerdnsitherby mavper tilewes oneh eentisd mivagempuri fi ed

nucl ei ci@acighextsacted §d am thensaml@atl Gd xgpmﬂm@g &%@9@ of PCR
reagents. A%al n, such procedures may be effected automatically within

the appar at US By 1oAY el enents such as the cutter, 10 pipettors etc
so as to ensure that the appropriate reagent transfers occur.

Once a PCR reaction mixture has been prepared on the cartridge,

it is suitably transferred into the reaction chamber 17, which is
15 thermally cyclable as a result of an ECP (electrically conductive

polymer) coating. Filling is achieved by means of a modified

pipettor and the procedure is illustrated in Figure 9.

As illustrated, the pipettor comprises a plastics body (25)

20 provided with a series of annular flanges (26) which facilitate
the collection of the pipettor by an arm of the apparatus. A cap
member (27} has a resilient upper diaphragm (28) with a
projection {29) intended to interact with an actuator provided on
the apparatus, so as to allow controlled cperation of the

25 pipettor.

The lower section (30) of the pipettor is substantially elongate
and of a sufficiently small diameter to enter a capillary tube
(31). The cepiliary tube (31) is sealed at the lower end (32)
30 and so forms a closed reaction vessel. The lower surface (32)
is suitably transparent so that the progress of any reaction
carried out in the vessel can be viewed. This means that, for
example where the PCR 1is carried out in the presence of a

fluorescent signalling system, it can be monitored throughout



Once a PCR reaction m xture has been prepared on the cartridge, it is

suitably tr JLed into the reaction chanber 17, whi i -
t her mal | y%@g‘]’%{gg{“& 8@%&%&@?’?%@’

e as aresult of an ECP (electrically
polymer) coating. Filling is achieved by neans of a nodified pipettor
and the procedure is illustrated in Figure 9. As illustrated, the
pi pettor conprises a plastics body (25) 20 provided with a series of
annul ar flanges (26) which facilitatejbhe col l ection of the pipettor
by an arm of the apparatus. A cap nenbeér (ﬁéé has a resilient upper
di aphr agm (28)L-wind BERpF 0] S&Bi @IPer299riinke hHEd Of o-ieh FER HELC W R 37N

act uat or pkoVided, Qi d BeoAPRAEBIMS, bSO B8 +&1al LawRORE§I ed the
operation of the 25 ettor.

pi The |lo section,(30).0f t pi pettor
is substan?F%‘Tq%ee?%ﬁ&gt‘épp&ﬁdp%%lgnsu ) glnén ﬁpﬁlg‘_ﬁg% Itu%?a i earllp 0
enter a capabdarlystubetéIdovidae capid |forythaljeve8isectsonedl etk at t he
| over eg'((j?)%?gétt%g Ml 20 fOLUBA ¢haseshiiears B veasel . The | over

surface 'S swtab?y transparent so that the progress of any
reaction carried out in the vessel can be viewed. This neans that,
for exanpl anWaeycerihe iIPCRidmceflid ipelyest lapet h@4preosencedofcha

fluorescent _sjignallj system _| n.be L tar i hr,o t
2009/ o19445&%’#‘@%%0%%%00%%52682§°’§nre%§iﬁ? =g Cie‘?ﬁfe%%ép%?&%r by oy

(33) of thefreasti end egseleliestoicad gpefacter séttion, but the
wal |'s ijg the region of the juncture of the upper portion (33) and

capillary tube (31) are tapered,so as to provide ui de for _the
| ower sect T8t thHe BPFFRT ér T 3675582 ¢ Sﬁtlgzrssg? elnga‘f)jﬁ%l g{rﬂf/ t ube
(31). cartridge by the interaction of the arm with the flanges 26, and

lowered into a reaction chamber containing the prepared PCR
reaction mixture. The pipettor actuator, driven by a stepper
15 motor is deployed to depress the diaphragm (28) so as to draw the

reaction mixture up into the pipettor body (25).

The pipettor is then raised out of the chamber by the moveable
arm of the apparatus, the cartridge is moved so that the pipettor
20 is located above the reaction vessel (17), and then lowered,
until the lower section (30) of the pipettor (14) is
substantiaily at the base (32) of the capillary tube.

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

25 expel the contents into the reaction vessel (17). At the same
time, the arm is deployed to railse the pipettor (14) out of the
reaction vessel (17). The movement of the arm and the actuator
are co-ordinated so that the pipettor (14) leaves the capillary
fube (31} at a suitable rate to provide bubble free filling.

30
The accuracy and controllability of the actuator and the arm as a
result of the use of suitable controlling stepper motors, means

that such an operation is possible.



An el ectrically conducting polyner |layer (34) surrounds the capillary
tube, and_j table to an electrical supply by way,of nd
| oner el eé‘f(ff@gpﬂ%@nt acts (35, 36). 10 In use, the pi pé?ﬁgﬂ@gﬂ%ﬁ
rai sed out of its housing with the cartridge by the interaction of
the armwith the flanges 26, and |lowered into a reaction chamnber
containing the prepared PCR reaction m xture. The pipettor actuator,
driven by a stepper 15 notor is depl oy%i to depress the diaphragm
(28) so as to draw the reaction mxture up into the pipettor body
(25). The p@ngetihsr rpactivanvessiededl buthasfoadre ftHathér dnjst ey, neveabl e

arm of the appas@ad Usp dherE&Mdy hdPad SpPPMed LSO Heh <R Rt 20
is |ocated abo¥e thepreact&%g] ve g pgg aﬁd the%ﬁﬁ%\xgrg%#%utr(ﬂ@?)l

ssel (17),
the | ower S&ctTHIF (39)75Fthe TBFp‘:é"'tetc&&l‘f%]il)cofl'%a‘"st&b%?'arﬁsi BRY yeat the
base (32) cintéetedape|ldsaty 4libe. a THerasl uatcding Qroties,difaphixagpl £ 28)
i's oncesagai-p aGidoahedt t ntents intg the reaction
vessel (17) C At tﬁe sa%é) tgieme,n%%ﬁ 1géda'r ﬂ?f@ﬂ‘dt&g oﬁs/eggg%%n rvglsssee:L ta(?%ttz,5
pi pettor (FAFhoth fHFthstempeatiton vessel (17). The novenent of the
arm and the actuator are co-ordinated so that the pipettor (14)

| eaves the illary. t 3 at a sui.table rate.to provide bubble
free filli r?%ggg%lyTh}éh%égggr %%‘ij/l)ugﬁ% BEEnEF o abPPYSRr 1872 ﬁégﬁ%ﬁd&?or and

t he arm as sytemsHuchofs tthe Tmapt suReatthSensehtreghbisigpgdbe per this

Mot Or S, 10MeaRSméAkRr88 G-l PRE L 3L QN rbie ARSI PAB. 0£30,00Gh. t he
reaction vessel (17) has been filled in this way, a SuUi tabl e cap or

st opper may be applied to the upper section (33) to close the vessel.
The el ectritoat contatts t85, cadbGriaye heyConnesb s FRo@S:He0 20 r@B18
thermal cyclyng; U.Q585s, for exanple a 5 PCR reaction, to be
conducted, wthin the reaction vessel (17) without further novenent.

15 The systems and elements described herein therefore provide an
effective and efficient way of conducting a variety of
procedures, in particular chemical, biochemical or analytical
assays, whilst minimising risks of contamination and false

positive results which this may introduce.



Sui tably, the PCR includes one of the conventional signalling sytens
such as the TagmanTM or ResonSense" mggthodol ogies and this 10 is

noni tored through a transparent base (32) of the tube. Once conplete,
the cartridge may be renoved fromthe apparatus and di scarded. 15 The
systens amdaghenents described herein therefore provide an effective
and efficient way of conducting a variety of procedures, in

particul ar chem cal, biochem cal or analytical assays, whil st

m ni m si ngd -ri slks sefplpodkeanvarat sgat@andofptseingosi tive resul ts which
this may introduce. 31 Cains 1.A sanple delivery system conprising
(i) a cartridge conprising a body section, a chanber and a piercing
needl e or @i’erci¥gréreperiprafireitnbede ssetyosect chaleyr addpted to
hold a See}:li%éc§ﬁ?‘ﬁie%d¥§5c§;ebi§90ﬁ§g Qehdnt t REeROS] Lo, 2es€@)n Of
the sanple vessel inrelation to the cartridge wherein at |east the

seal regi off GFRRHRE $AnPPe s S8Rt SATPHE INFSERtITs 88 Whedd=hErY within
t he body sestiikotn aff theedlaifr tikgeaaple Wiaisel nid he1pt &dicitbgtieedl e or
piercing el eqpng, comprises an ii etnal chagpel, and phe eng of the

pi ercing neear e r plercing aFent'sr %ot & P 3MThé& %isealmgi (ﬁglsend IS
posi ti oneccubsteheiadiamberlosaddwhen hpldppabanushe dapy ezkdtdonestei ve
said car tIdl0gs, SAldhoAPRR! kS DEIAToPLAHCA, Il h o8, 0Rh 00 SYStem
for opening sald seal ed sanple vessel contdined W thin the cartri dge;
wher ei n tt%eﬂ‘ieéii cIpraeetd® srtyiredcripeleahttigcesdicf €bBAj unction
Wi th the qpeRDgg Seked of Jibecappanahdis benbf&athnt At $Rak-Oiy t he
sanpl e vesse] and vyherei(F the cartri dge and apparatus are arranged so
that at | ¥t *8oMP15fo88¢ itquirhe s 8TMIM™ n a breached sanpl e vessel
flows under gravity through the channel into the chanber. 2. A system
according t.a.claim1 which further [is a_ hol.der for, .a seal ed
sanpl e vesél%), : arreaitﬁst%é;apﬁgfld%? neg8lPe h:ngget hsealgody section

ST insertable in
of the caranvaggeus dehnghetovidsdaitdf anhepegdnp| evaregsedr icpehined in

relation tQhg.LAld Lhflffe v3sBe YR ACEQHTLDY 4R AIY-QRE.0f the
precedi ng clains wherein a | ocking mechanismis provided in order to

retain the sanple vessel in the body section.
wherein the piercing needle or piercing element acts in

conjunction with the opening system of the apparatus to breach
the seal of the sample vessel and wherein the cartridge and
apparatus are arranged so that at least some of a liquid
sample within a breached sample vessel flows under gravity

through the channel into the chamber.

2. A system according to claim 1 which further comprises a
holder for a sealed sample vessel, wherein the holder is
insertable into the body section of the cartridge such that a
seal of the sample vessel is fixed in relation to the

cartridge.

3. A system according to any one of the preceding claims
wherein a locking mechanism is provided in order to retain the

sample vesgel in the body section.



32 4. A systemaccording to claim3 wherein the | ocking nechani sm
conprises a snap fit tongue or flangey which is provided on a hol der
for the sanple vessel and arranged to engage in a slot provided in

t he body section of the cartridge. 5. A systemaccording to claimi4
wherein the | oekspgremeehasidimgi so arladngedvisaret hathd tlowi:ir{g not operate
until the | e ve | .S _appLopri- S| D the

hol der. én%%%B Vot gglgrtjzrcldsre |% Sl%a% %t‘et 8 1{ g?ece ng T ai s
wher ei n thpe'owpeem 1P symleiwcéwprnheesarmiea@eu%eloranwmmngsdam e to act
on a sanplg uessel it fbr%vﬁ]é?écf’%‘h vhi Hdayas @il 4961 the

appar at us and urge a seal of the vessel into contact with a the

pi erci ng HE&Ar&EIHBY- piercing elenent. 7. A system according to one or
nore preceding clains wherein the one or nore piercing el enent s
conpri ses one Qr nore pier nee e ccording to any
o6 of £t e GuET RS PEP R R 10 b otis oD F doa<Gdhl ed t ube. as
t he sanpl enevessidm :.s9arﬁr&ye§temiaxamoidlmglt ﬁoan:yae@aaa afnttibeclpr ecedi ng
cl ai ms whi r I S system
accordi ng tCél @Pg%a‘%%% @F%%n%%gﬁp?%l\e%é%e ﬁtﬁ?ﬁo@%adgég%e ‘h a cap
havi ng a pi ercable rrenbr ane in an upper surface ther eof. 11. A

system accordi ng B?stférr@'ali‘b@rcﬁrnglgow 8ho éﬂ‘%hé%ﬁﬁl%c%diﬁ&%‘alhé a
seal abl e tube. 12." A system according to claim 11 wherein the

seal abl e t{5&SHAMCINGIEBERITY AYELFRICCBRELSSS 33 aqiatar (Whdclni acddedi ng

to any onechcthen pr eagsiageskal nﬁtn/nﬂrelmmeftvhenuﬁlaer@nt-.ﬁlagfu ch are
useful int hg subsequent aprocedures t le is to be

subj ect ed & EPBrRAGEE DA ThE Bart °Fa gpt&‘ﬁ V%Sée;sf T &8P ng to
cl ai m 13 whghehntheheibtueimpeneefilbnent piconjpgi skewamagent chanbers for
hol di ng reagents or materials required to continue a chem cal,

bi ochem cal, analytical or other assay of the sanple. 15. A system
accordi ng -0 clPaSHEUSn Gecer@ding 12 Wired Rorh@reardiiadgeainy t her

conpri ses JH%%%@J@'&1&9@%&?%&&%&&%1@5%1@%@5% ddhpRk s &8 heewsse
facilitate further chem cal i ochem cal reaction, analysis or

assay of tM¥SsBHpIEng needles.

8. A gsystem according to any one of the preceding claims

which is adapted to hold a sealed tube as the sample vessel.

5. A system according to any one of the preceding claims

which further comprises a sealable sample vessel.

10. A system according to claim 9 wherein the sample vessel
ig provided with a cap having a piercable membrane in an upper

surface thereof.

11. A system according to claim 9 or 10 wherein the sample

vegsel is a sealable tube.

12. A system according to claim 11 wherein the sealable tube

inciudes an integral swab.



16. A system according to claim 13 wherein the apparatus conprises a
noveable arm able to interact with &% noveabl e conponent on the
cartridge. 17. A systemaccording to any one of the preceding clains
wherein the apparatus conprises a processing conponent useful in
further chiéhi cdl SEEtHt GEReR R tPedlY icog, chridleysrecasfingsskainmgf t he

sanpl e, Whinghelis 843aD| Slemeh8s HhiWShEM AEAl diNGnEOGlRiMkAy Whi ch
further co rises a sheath adapted _to cover sai d conponent” when in

use. OSFEPETH &CcBRHTh &hﬁ oSHUTRIemL ¢ gEEr B A sHesa PRoYded

provi ded as ahaoyeatliageonponent on the cartridge. 20. A system
according to claim18 or 19 wherein the sheath is of a thermally
conducting plastics or elastoneric material. 21. A cartridge adapted
for use i N4 systgateateocdrand doanlaioné3ofhatednnshd fugt R

elements comprise reagent chambers for holding reagents or
materials required to continue a c¢hemical, bicchemical,

analytical or other assay of the sample.

15. A system according to claim 13 or claim 14 wherein the
cartridge further comprises moveable components which arxe
useful in or otherwise facilitate further chemical or

biochemical reaction, analysis or assay of the sample.

i6. A system according to claim 13 wherein the apparatus
comprises a moveable arm, able to interact with any moveable

component on the cartridge.

17. A system according to any one of the preceding claims
wherein the apparatus comprises a processing component useful
in further chemical or bilochemical reaction, analysis or assay

of the sample, which is reusable.

18. A system according to claim 17 which further comprises a

sheath adapted to cover said component when in use.

19. A system according to claim 18 wherein the sheath is

provided as a moveable component on the cartridge.

20. A system according to claim 18 or 19 wherein the sheath

is of a thermally conducting plastics or elastomeric material.

21. A cartridge adapted for use in a system according to any

one of c¢laims 1 to 20.



