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Sanmpl e Processor The present invention relates to a
device for handling sanples, in particular clinica

w@200ploes48 n preparation for analysis, for instBeyeBRs/ 002625

means of a nucleic acid anplification nethod, in
particul ar the polynmerase chain reaction (PCR) , as
wel | as novel elenents and procedures which nay be
utilised in such devices. The analysis of fluid
sanpl es, for exanple clinical; or environnent al
sanpl es, may be conducted for several reasons. One
current area of intered™oE PHRFSFETEl oprent of a
net hod for positively identifying biological mterial
in a fluid.sanpl.e, for_exanpl lin I Qri:.
B PFOTTHintAr LA €5 Ui & Rethad weal d AT areLes:
imaphytdidgurosi snicfeldssmrises sthapespanafiion far eorhysioul dor
ﬁg@gh% F@P&n@aﬁg eat rept And Lot @cldAn reeBtf ] nelfiod Nen
identification of environnmental contam nants and the
Hairfeé cule e aPel YRe) S e iing iedCHyPWHPER) v étsy well as novel
Senshtl viARabysdis-ef wsadhey sante igasrieduedt devices.
i ncluding for exanple nucleic acid anplification
techni ques such as the polynerase chain reaction (PCR)
TheHaneVEsi,s bliefmerdy sampsdd,i ok yesdmtlleeseitveiinogques
nmean that the e subject to.prob |
<ont 8nrﬁnen%1_ta|tloﬁ,xm sesévléﬂﬁil gb r?alﬁongﬁ%ﬁen gmog):f g%%gr}iaalmrﬁ%?} o One
wamenhskrey ofi Vetdralssel podict develemugntsof |y mpghed afor

i J.Ni.¢ r..enyi nt al €Sl
S A T A bl
erqabyei zalidéort ey wAVERC M thE ST Sdi sPefie & PebiRd feuld

Sils 8br cldigcti st e Sarpke. sthites, Rt tikaturn would
sanmpl es need to be collected for exa he b n

SPOLAL PR ABe PTSte o i SSEAPR TR e YodT8l for

ideants potdtion bbhesrmnabyhéciedl devtasinadteecaneliheci ekl t 0 There

h . . .
gréamany techniques by which very sensitive analysis of samples
can be carried out including for example nucleic acid
amplification techniques such as the polymerase chain reaction

(PCR) .

However, the very sensitivity of these techniques mean that they
are subject to problems with contamination, as even small amounts

of contaminants can mask or give false positive results.

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
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 a 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
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anal ytical device, for exanple, in a laboratory, the

sanpl e vessel is usually opened by a further operator,
waeavi4gont ents renoved, for exanpl e using aP@Ei/E8R08/002625

whi ch may be carried outmanually or by nachi ne, and

placed in a reaction chanber to allow analysis to

occur. There is a greater risk that contam nati on may

occur at this stage, in particular since a | aboratory

or anal ytical environment isonost |likely to be

contam nated by the target analyte, for exanple the '

TeaPERtY MicPEi REHErg: AT HHACRY o 5 ﬁsais?ﬂe%’e%amber to allow

dnavesid o bhene. | Thprevidedgaesyat efmskothaeldoveaningtaon

sanmpl e, said, system conprisin i) a_cartridge
S R e o
apaipt ecalesselromeas o Mast fLhkejpodict bencoftagisabed ¢fy the
t%'%‘:} §%l tgses]%aj} elxgmgfé agﬂeoEal‘é)e’é I?l%_cﬁéfé réc‘i@‘?i and .

||§ apparatus adapted to recelve said cartridge, said
apparatus being provided with an openi ng system for .
A%%BHﬂg; aoseak e&:e%%ml enxes3eh VAl pegrddildidnat igsten for
cartridge. By ensurlng that the seal, of a sanple
dpdd ¥R iM% Ao APPP M oREn oTEE ThE SRS E%vessel is
contai ned within the apparatus, the risk of
contam nat.ion from.an_operator_or, from.the

r Poﬁ?f{hrﬁ& °i O SRR G &Sy SFTIH FheE area CofCthé
srakyit soalledevs ol iso peducddx The dusdakpmpdfa shel sealthe
é%%%l@evééééi”Eh'ﬁ%?%ii@HtQ Hecég£@E%?6e§h§n@perallon of
t appar at us. e use of a cartridge to precisely
position the seal of the sanple vessel nmeans that the

Qp§Ni é%é%h@n&&gpﬂé&et@pﬂggéyﬁHSSéiﬂ.QQE@ri&bé@C%Hﬁat&ﬂﬁératus
and effectively interact with it. The seal ed sa

| e
RedegePr e VS th FoT CRENTIF CHETHB AP S 8RETUIP &f Sphisc sample
skl dge-dneactidhinbuhe i dhrarpagé erred enbodi ment, a
hol der is provided, which can accommobdate the sanple
vessel, and it is
By -ensuring that the seal of a sample vessel i1s only broken once

the sample vessel is contained within the apparatus, the risk of
contamination from an operator or from the surroundings in the
laboratory or in the area of the analytical device i1s 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
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
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. 1In particular, it may be shaped so that the
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then the holder which is insertable into the body
section. The holder is suitably specifically shaped to

waewonmadnt e t he sanple vessel. In particul ar, PCT/GB2008/002625

be shaped so that thesanple vessel itself is

substantially enclosed within the hol der. The hol der,

and preferably the entire cartridge is suitably nmade

froma rigid and durable material such as rigid

pol ymer. Wien such a materialzis used to substantially

encl ose a sanple vessel, it provides a further degree
g

PFBLECTTY PRLt Licerberanfiiaplsapirlopedhet drmpkhe holder.

Tmss:@_ndermw?ﬂa ﬁa?/fdl&bugp@mé la;m&iweéa@ctltrlihge Ihf»s stuii@ably made
at i y,fragile.aor brjttle material such as gl ass,

jgﬁéln} tgbf\gjy%%/%ea n?e% ralok?(let ﬁ‘%JC% | EUGR R8P 'gEEr, When

pldsei vstarisfubbersccape wbatanicsaprefeecabby helafpld vessel,
it ' [ r.screw thread so t

RN R A g e e A e

68 RS vReSehp Whash gl decabertrarbraee shih &5 & a

Fdiblere IR HHaaNEe Wr &k ar Haled MBf &l oLl i, an upper
surface of the cap, to facilitate opening once inside

the apparatus. In a particul ar enbodi nent, the sanple

sressely comprieseson theabatie ubeel Thepdi S80S @A8s0fcs or
e are.suitabl may . accommodat e not

t t it ,
Bl B8 AR Bl et r et BB Lol TREA S T St St
ggdanr ed,swabshrdag shi shaxage, it heothekdely idisab8ged. In a
i t_w.ith i ghtl |
feneraldy etnuealr@éne,n%;ﬁga&% &gg 3 dlesncc%?g% R Ll | aﬁﬁf%ﬁqr as a

dianeter than that of the't o] t Tty
BYR§E yreiasRA ehet Hehderted mehapafdiilcdharn empedi sentace of

sMeeRaphecd uhei i scaeabpsh Md Bnde Cap: dhepdi f
t he cgg is greater thgn tﬁ%? g? ?ﬁgd%ugggégﬁﬁng%%'of

the internal diameter of the holder, so that, when in

posi phomidulathenhalident, the campTestsson ¢t ops of
sJ@Ea??I el Thh§ %Lloms.for %ccurate positiqning of
The tube Wit hi 'Y 8™ ROPUBY Rhd™1h B £RF Puifelly such that
it may accommodate not only liquid samples of the desired volume,

but also 1f required, swabs.

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. In a particular embodiment,
when the tube is sealed with a cap, the diameter of the cap is
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.

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,
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cartridge. A swab support with a swab attached may be
integral with the cap of a tube of this type. In this
werodigrmt, in use the cap may be renoved f orPEI/SRaAIHS/002625
sanple to be taken. The swab is then returned to the
tube together with sufficient transport nedi um or
di luent such as sterile water or elution buffer to
i mrerse the swab sanple in the tube. The cap is then
secured The swab will generally renain i mrersed in
quid at this tinme. Sinple shakin Q? se Ied tu
ofi L8y B0k fast SREC) 0P CEb it SHIEED RHLEPFGF® | Gmedas the
stﬂalanébfr@ﬂ@ed?ftfmmbe sviale bﬂﬂb oL hdehi geduked. The swab will
Al ternative the swa r.Qvi S,& S t
BB ROt 8 DarToor ot U Ariky B8 (o Thags oy Sy Shaking
oavalné adzlag evii tiben mﬂasenweshla@bfaft fleast r@m@nabmphg mpherial

% é&%&lrga EPong%hgo a%'lﬁesl%éqagﬁﬁa.ed fromthe
and

e section. The shorter, snapped off swab section
may then be transferred into the foil ed tube

Aﬁ@@&ﬁﬁﬂlﬂ@iythﬁétéﬁ%ﬁsﬁéﬁtbe”%@b#ﬁﬁedﬂakugnéeﬁH&a@EU&dmy%nent as
buffer and treated as above . SU|tagh e hold
SPRECDT &t SPPRLE iy DI AFSc T IPBLE et @l BRTRESoo onae-

oS tabterd ehabIimyg thk esvet seonidhecbbdyc@fvenliently
cartrld ein S vessel regeivin i
SRRPERCH sféﬁf“egh sg’g% fee vséesczce “an ebehr g%\‘gg Stmgjéeed tcg': swab
selat don tnayHoher dreg tirbnsfrouled beterovealfbeled t’qmbﬁe@@et@tining

tgl% %Pgn%) Qdy. FLQMA a%é& VeSSeht fLCBL¥ENT RESEEL ARG Qs

osed positron’in I ch the desired position of the
abegk.of the sanple vessel in relation to the cartridge
is achi eved. For exanple, the holder may be pivotal
bet ween a sanpl e vessel recelvlqﬁﬁﬁy3|tlo and a

E8REY pddier PRI S| R TREF e ST maY £ QP HEAGATT v
ddrarhédearirtial fungekererdisiay éhecdnadyoantchd bsey ted the

c!ar}:ti:JO:J.dcgeorine)éaggmp%_eav%giséfbrleeceiving 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
vessel receiving position to a 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 simbly lifted manually from the retaining
elements on the body and inserted into, for example a suitable
recess such as an aperture or channel within the body section of

the cartridge, which forms the closed position.

In a particular embodiment, the sample vessel is fixable in the
closed position by means of a locking mechanism, such as a snap
fit tongue or flange, fitted onto a holder where present, and

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

cartridge.
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recess such as an aperture or channel w thin the body
section of the cartridge, which forns the cl osed

w@o®oniwws I n a particul ar enbodi ment, the sanpdBEGB2008/002625

vessel is fixable in the closed position by neans of a

| ocki ng mechani sm such as a snap fit tongue or

flange, fitted onto a hol der where present, and

arranged to engage in a slot provided in the body

section of the cartridge Suig ably, once in the cl osed
sanpl.e vessel is covered and

% %h the.se of t
1§ S0 Akt s &Bs?lé%tqlgls? ROGTHIEERel Y RePosd By saeple
wErselli tgegoveakdesndnid/ sﬁltauﬂ}yl BgbsEahaRl SN @ﬂr@)l&@el§5

I GGe for Jem
%%éfgtg%?ﬁy %h% élg#)]ll Sart TS I)}dg?rettier?éag é&'l?c?g‘&f‘h%ﬁtand SO
}hao| derdsiy aveehatilsmios usdncas it e sreaphf by drongaeatarr.
frlange §f§aer(£tlch§$:}’lf?¥§E§r£é?ie A58k ntt hgh§ elao%&'lgg

vessel once in the osed position, so't
REFERE P SPBupS t Hift SaRP yfﬂetnépé@é%i By ftlhég@otfyfeséc‘telo/n

éﬁﬁér&hﬁhé(ﬁaameoﬁrtﬁé &@g@t16H19e59§K|dﬂiengﬁr@ﬂg $bESy
tably ar ged S not operate until

r ot
bR F TBalert 78 bofriedYi nufradin byt adosed by the
Ywolydeectidreredptles ephgud his feasge es that the seal of
the sanple vessel is accurately and reliably

sitioned within the cartridge. The opening system
“ﬂ%ﬁyngk@walﬁpb@@la‘nonﬁBS‘d@mim agrapped shethet dtewfdr not

eEPé eufiit BRe S p@Lg sample ¥e?<§1.e4ec%& flbgerted into the

configuration of the apparatus for exa
NAFEF cutste PReSYPeni R 1%3ﬁé‘tséﬁﬁi)r*‘emtd§§easerﬁéan§ tiog sample

Weseathingdcheasen) -0k iéﬁiéﬁ&@'?&%fﬁﬂaﬁba ¥essel end or
car%n‘ﬁl e by renmoval or breach a cap of the seal ed
sanple essel . In a particul ar enbodi nent, the opener

conprises an actuator for noving the sanple vessel,
ﬂﬂ%ropening 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
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. 1In 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

reaction vessel into piercing contact with a plercing 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 piercable membrane as discussed above. In a preferred
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.



10

15

20

25

30

exanple within the holder so as to force the seal of
the seal ed reaction vessel into piercing contact with
w@2poeteing el ement. For exanpl e, the pierci ngP&l/eBRIB/002625
may be a needle and piercing of the seal by the needle
is facilitated in this case if the seal conprises a
pi er cabl e nenbrane as di scussed above. In a preferred
enbodi ment, the piercing element conprises a plastics
hypoder mi ¢ needl e-shaped tubg formed in a recess with
an annul ar seal that interfaces with ihe face or |,
OBge SIRFECH W HE s 5P| RATEE S0 BE 8™ Bt PhntHEss t°
cheakage théi&dsaﬁpdr@dmtcagi adnytecopencaswhy hhroceheres
appar atus, the sa e subj ect. t o, cheni.c :
2Bhy ST ‘bi%tﬁ?r?‘lggaT?mea)r(fgl ytica agrb%s%agcf‘i%?o%etdﬁp es™®
sagplequissedl. itAtellifeastt sore ofudliasethaysdmweleariiledeout

tirgngfeerr%%n.?é eonvee%‘?_eJn J.Lé S.‘c%l Eti&ytchg%gréjsﬁl&ﬁl Iertl_{J]ie
sanpl e W | be trans?erreg tp one or nore reaction
pehaadbsims - f ofn fihdhepspr dc €8st YREY PRVERF sSfoadelivering a

1@%bi&?§£ﬁpﬂgyééﬁ%éiﬁéddﬁﬂﬂﬂﬁ%rEH@ Fardpll U &k AMRbea reaction
contained within the sanple vessel to a reaction
copERterisi sustaRlabPYCPtGri'ded. The reacti on chanber may

be provided in the apparatus or it may be contai ned on

he cartridge, .dependi,ng upon.the copfigurati th
T&‘ﬁpﬁ?%ﬁignaglaéqkﬁé‘p@%tk?elq&)drgyl%?gr]ﬁ "ar F?,%ﬁ%aﬁggi%{eﬁ& Hay
rdevbrenimey be ihst egratidge; hdebendipgaraeusther cohgliguration
o%aE%é'égﬁama gpend ng. upan . Lihe.nature of the opening
system ™ Tn ap

articufar embo I ment, both the reaction
chanber and the delivery device are contained on the

ﬂﬁ&ﬁ_éfﬂge the ode‘ilhﬁ.@ier?t ddLast mﬁ?‘ &d iiﬁ'ﬁ%gﬁé‘b&ﬁ_ﬂ:ﬁeﬁﬁe apparatus
processing steps_are conducted on the ca%trldge. In a
PaFbe cthHr AP HRERTI A YRC8r ERngiateedl @F o p BT 11y
Kisearnt

In a particular embodiment, both the reaction chamber and the
delivery device are contained on the cartridge, so that at least
the first subsequent processing steps are conducted on the

cartridge.

In a particular embodiment, a piercing needle or piercing element
which either forms part of the opening system of the apparatus
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 piercing needle or piercing element used
comprises an internal channel and the end of the needle or
piercing element remote from the piercing end is positioned in
the reaction chamber. In this way, when the piercing needle or
piercing element enters the sample vessel, liquid sample may flow
directly out through the same needle or piercing element into the
reaction chamber, so ensuring that the sample is enclosed and

protected from contamination from the surroundings for as long as
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which either fornms part of the opening system of the
apparatus or, where provided in the cartridge, acts in
w@owpormess on wi th the opening system of the appel/aBuE8/002625
to breach the seal, fornms the delivery device. The
pi ercing needle or piercing el enment used conprises an
i nternal channel and the end of the needle or piercing
el enent renote fromthe piercing end is positioned in
the reaction chanber. In thig way, when the piercing
needl e or pierc enent ,enters the sanm lLe vessel,
PR AP o BmBF e Py T PASLT S 6T SER UG CERESL dgve the
faeet] en=gr bpi eﬁpmolygdeizemﬂrallal oitdre tkhacidcondchesdier pr

$Q.ensuri.ng t encl ose e
PFPOMTE ﬁ%§n1nagﬂéﬁw$ on15 e rfgﬁng?ng%q?gP959£Q§% glquld
daspossifica. the seophd Hewdl e or pi erci ng el ement,

situated above the first, may be enployed in paralle
where the second needle or piercing elenment allows the

Thassbge oFagpte mgvdPe plege® ehend i deti HedergmstRe as
2Pl &rdikBeneddi® bi-Opi &l SAGPE Berimit kferdir&ﬁM’anabO@sguighe
del i ver evi ce such as %& |erC|n %?g: d q
S S R A B R R e s e
the alapamusl—bmwm;h@mesfcersabtyat héepakt sardge aasisetlhes in

[ at us onfl S h I l;
PRRR AR P B FRIAERR ol e (R B TR B QS%%M
viighimn mlappgmwsmlthetmpéspm%ﬁeds 1st heckigepl Bltke

%rbﬁﬁié ned W)Jié]: the,PLgd gakke.endd ewss dhanathend @iéuld

tube so that the liquid flows under the_ action
f3pvgrerdaty thatatHrgugh I 148l PYeryrraeeh dde dghiveml vy,
dhecdelivery device is arranged to ensure that a
predeterm ned vol une of sanple is delivered to the
reacti on chanber. This may be achi eved by the
s'xﬂfrzabp@,r athieofie Divdriyguedi e dsub eneigeddevi eesinel than eor

%Ogégﬁfﬁéd“%é uﬁéq%fdgén@ﬁ%lgs delivered to the reaction
chamber. This may be achieved by the incorporation of liquid
measurement devices within or associated with the delivery
device. However, when the delivery device comprises a gravity
fed piercing needle or piercing element as described above, a
predetermined sample volume can be delivered by ensuring that the
volume of liquid placed in the sample vessel during the
collection stage is constant (within a set range), and then
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.

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
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device. However, when the delivery device conprises a
gravity fed piercing needle or piercing element as
waelemeninerl above, a predeterm ned sanpl e vol unBCT/GB2098/002625
delivered by ensuring that the volume of |iquid placed
in the sanple vessel during the collection stage is
constant (wthin a set range) , and then ensuring that
the needle or piercing elenent enters the sanple
vessel such that an open endgis in a predeterm ned and
appropriate relationship to the meni scus of the liquid
the tdmeningeswep éu%sﬁéeﬁhe IR eF PP t FRATEr CBMbSH R
Datdht e deldveny gdewiceiosush tas bﬂs&upigeegzsﬁgn needi® the
or piercing elenment, and the reactloQ_ gb are
??]%é r t

SRR Red TWihFAY e PRFLPY difdPdI A arranéghgﬁ?led

s&afe ﬁ%@géltahdbenéﬁ&&ﬁ@ thaensuy ecthatom iseaf exl dppleely
vessel may nat, in dvertently

SEEHL A5E70) 19 AR R TR BFE L opeh n e Shoh e
opémnqg erca ngiaveetleh drs puéftﬁlﬁyteten%#ﬁowpﬁpé?sq(iotHée

i L gt g0, of 1.t he; OREN Ngn SYSLeMow L hifhddhe appakakyse,
soaJE g%dIoQ ypvﬁ%:nn ol der for tgtr?esggf)e i

msmm erpbuded TR0 BRRUFPAGS HathenBO Mt LAROF T § igpagertent

ms%r@éﬂtv SleY £ 8B hnp & OfSs sBeChi ontal takeRo lavidmbhebdialvdeded.
provided with an_op enlng gf a .size which.is

SERFARG] GhECt o PBR S YEESE Lt oL thd PhRt T GPLERT Vol it

mEHhTSr,\éva%s, ]:caﬁlt apekatot withi agessct ap exanpllder nand fewards
excl ude rom t.he inside.of
RN T MRS At Pt R é%ﬁ%ﬁ%g ggéséﬁiﬂhﬁ?ﬁe PHce undesx

theld&ﬂldmayfbélmaam deess B fabhychs §Gtv¢ﬁ949aﬁﬁFEbﬁﬁﬁ§§éf the

na% %e o %hgh e Olggg éihﬂ%léngﬁbrgyl@ﬁﬁes§cbﬂ:Qﬁ& rubber
réspect to the hol der and tomards an

mpmbr@m@u}sné@@¢Q¥Qﬂ’SBIE#Qﬁ g &f et PEARCHISY OF akRF heedle

?Egréjﬁfé;e%l&%ta%hé@na (glgﬂh.fﬁé%ntpraﬁﬁﬁﬂf e E:l@lﬁéa*:th@)res sure,
uat or.” Furthernore he nature of

Sélf(:gn@qs etq‘aﬁestleﬂ@ﬁegg ’b’qe taﬁéu?B%éalf Le aps’paratus,orls

applied.

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
device which carries out sample preparation procedures to make
samples such as clinical or environmental samples suitable for
procedures such as immunoassays oOr nucleic acid amplification
reactions. In particular the apparatus may contain all the
elements required both to prepare the sample and to carry out the
subsequent analysis. An example of apparatus of this type is
contained for example in W02005/019836 the content of which is

incorporated herein by reference.
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menbrane is selected so that it is only piercable by
the needle or piercing elenent when a significant

wW@ewont94ed direct pressure, such as that suppl PEUGB008/002625

the actuator of the apparatus, is applied. The
apparatus suitably contains further elements which
allow the analysis or further investigation of the
sanple to be continued. Thus it may for exanple

i ncl ude el enents sui tabl e forgcarrying out a variety
A, che éa\ b| ocC, cal reactigns, analysis or

assays on gtehél %rﬁﬁje Br CPHSLRRCEUTHRE §p u¥hhely are
eEmfpli Se Ehedevbsequditc breesdires ootwiSaNpLRe HaRAEAEION

paedyres bteo Hﬁt‘pﬁ%%npl es such as clinical or

envi ronnent al es suitable for procedures such as
I mmunoassays or nucleic acid anplification reactions.

ddrnpanticdd %‘ie&&@csaﬂ’cﬁgr ab LS, XY EQ ‘?do@eal:+agterﬁ% clilambers
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gg&&g& Repcedures to which the sanple are required
J

ected. Such further el enents may include one
or nmore reagent chanbers for holding reagents or
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sanpl e. These reagenis or materia ncI
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aebtttba@tlcrwcthel Tikeci d Wham sapphkessajispechteitedfivre involves
éaﬁgﬁglgﬂéﬁ%sggllé%héiureagents such as dyes, antibedies,
enzymes (including for example polymerase enzymes for PCR),
buffers, salts such as magnesium salts, may be included in
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 1is

subjected.

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

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
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reagents may include |lysis reagents for exanple
chaotrophic salts, bacteriophage, enzynes which may
WO yphidised, detergents, antibiotics the |i kePCINGBR@®8/002625
t he subsequent procedure involves sanple analysis,
ot her reagents such as dyes, antibodies, enzynes
(including for exanpl e pol ynerase enzynmes for PCR)
buffers, salts such as magnesium salts, may be
i ncluded in further reactionuphanbers on the
cartridge, However, the range of I bl.e r.eagents
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dﬂ%ﬁ%ép%@ssﬁoéﬁénﬁ%h drdRcont hese ARY e 2829 8Ol carried
owder, bead, capsule or pressed tablet form or they
oMy be adhered to magnetic particles or beads, such as
silica beads as is well known in the art. Reagent

anbers cont in redi spensed reagent s .are SU|tany
i AR T et L o W e s
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use¥F9634 %teg£ﬁgr s%hf5£3.2%B3Ea£&5%heQUEhéﬁlé%1 or biochemical

I cu arI erred a cutter is

neenbverablpyyhgwe@rpnesmgaapﬂalwé of o S ERARP| BNV SHPAS
A 8PRY QY &eﬁ@&e}eba?aﬁegsgoﬁeeseh@rcaa&emge e isichher hedys
séction, so that is available for use in relation
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ahakysis fQBmacSr&ﬁ)bhEﬁbQQ '&ﬁ%bbﬁﬂe@UBuCQ derpiprebars calagnets
el enent.s Iﬁ ition to the cutt in parti ularf 1t
ThE88WH dHeRayPi5e 8F i §505%H Cﬁé’f‘ﬁrse,su i &R Hrecrs
stepbuats migersof hepal secf adiilcht ate rfemuuhertcc e ot odnced
f%t%Chﬁg%ﬁgys in the course of the chemical, biochemical or

analytical procedures or assays.

Particular examples of suitable pipettors are described in WO
2007/028966 the contents of which are incorporated therein by
reference, whereas examples of sheaths for magnets useful in

transferring magnetic beads or particles and thus any reagents

attached thereto are described for example in W02005/019836.

If desired also, processing components such as heaters,
sonicatore 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

housed on the cartridge.

Mechanical elements such as cutters, pipettors, magnets or

sheaths therefore, as well as other sheaths as detailed more
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reacti on, physical processing, analysis or assay of

the sanple, may al so be renoveably housed on the
W@ 2a00901ddge. Such el ements may include devi ces PERGBR@®E/002625

to nove sanples, reagents or materials from one

chanber to another, such as pipettors, magnets or

sheaths therefore, as well as small devices such as

filters, stoppers, mxers, caps etc. which nmay require

tg be iPtrgduced into chanberis in the course of the

chem ca i ochem cal, or anal tlcal procedur es . or
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i ncorporated therein by reference, whereas exanples of

sheaths for magnets useful in transferring magnetic
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wEahtarydgevedbchaninpabers] emenbts suthidgecutters,

pi pettors, magnets or sheaths therefore, as well as

ot her sheaths as detailed norefully bel ow, and
Theosessiblg sonpohénh sias odessaitbled ab@%@tw pfm, is
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conmpone In such cases, t he appar atus i S rovid
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the required function in the chem cal b|o q}
kaRupyit de BFtasday ‘ﬁ?ﬁbc]étfgﬁl&e ?ﬁ% H%lﬁ mt”ﬁc are
AapRased U &amoﬁaunaylSﬁterammveatheapmrnpmkatﬁiylsosiﬂuand

i.n i

£l atngggcotn t tehmc?vé’abqgvggxt?po%e%ggpW‘inagnaf&e c%ﬁﬁl‘:[ééjge'
controllable grabbing arms, able to close around an exposed upper
portion of one of the moveable components. Again, the moveable
components may include particular adaptations such as flanges or
recesses which are arranged to interact with grabbing arms to

facilitate movement.

The apparatus is designed such that a moveable component held on
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
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



10

15

20

25

30

The noveable arm which is for exanple, a robotic arm
is suitably provided with a grab device, so that it

W@ 209/019k8 up any noveabl e conmponents housed onP@TI6B2008/002625

cartridge and Iift it up out of its associate recess
or aperture. Suitable grab devices are known in the
art. The may include forked el enents which are
arranged to renoveably interact with appropriately
positioned flanges on the nnqgable conponents but may

| rise controllable gra able to
% %%g %?oun&mgﬂ N oS &d ﬁ%ﬁ% gg Fsbﬁ%i&ﬁqPﬁ€E of
amngabte component s. Again, the aneabIe component s

may i nclude particul ar adaptati ons such as flanges or

recesses which are arranged to interact wth grabbing
s el e el iy sarenasednpricessThe appanetts sush as a heater
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ﬁésanbers reagent chanbers as wel | as noveab

NPONEHIS NI sTPERONCHE af B aBhBh el dsiatey Qe fpshcatef is

f&\teedi,s iy BeCt¥ed \MheBr&dLall bEdhly tBRer Lt RHOLESSIAY be
componen %ssgch as_a heatg; or sonicators are supplied
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Cbetme@nathe processi ng conponent and the arm of the

apparatus were also to provide an electrica

connection
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 in a sample, in particular a liguid sample

within a chamber.

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

increasing the risk of such contamination.

The applicants have found that this risk can be minimized by
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 nhew disposable sheath

is sultably applied on each occasion.
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sufficient to provide power to the processing
conponent during use. However, such elenents may be

Worere/otews/eni ent | y housed wit hin the appar at usPCT/6€8RG08/002625

and arranged to be delivered for exanple to the
appropriate chanber on the cartridge at the required
time. The armitself or an adjunct to the arm on which
t he processi ng conponent such as the heater or
sonicator is fitted, nay be uged in order to ensure
that the conponent can be positioned as necessary in
relation to a chanber on the cartridge . Were
eraidnent schdgchyps seniscatarly eembestarshatised icht gk t 0

die: AR AL US by 1 SiaMBYe dNRYAELABNSL Al La Nt ended
for repeated use and Fmirer st on i A sanpiEen
?ﬁﬁQﬁ1€8¢aﬁbQ¥eblﬂ@l?ﬁ@§aﬁbﬁb WMQ:wEﬂd¥ﬂy:haﬁbE¢bléThms tan be

ddselba 4my p%@ﬂ@ﬁorﬁe@i”ﬁs@ﬁ&bdh%ngrﬂslﬁ I?:le sYser f Agpio
ﬂfndlggosable device in such a way that 1t conmes 1nto
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Comigan aisitd @p. lﬁ/@ﬂ;Cﬁ:' i?rI]fEth tAWQ%@kC&UH:@:%ﬁﬂBw?ea{m)ék fQ%Oc!Eﬁ the
or,_ tarn t hus jncreasing the risk of suc
e Do h SR e bl PesS v FotHa P shre
¢amplenenn dsenpressazed by placing a sheath, which is
di sposabl e, over the processing conponent before use.

In particular, where a processing conmponent such as a
HesEelsSt s tHsEdma e pearediynaiutonghe qeatrided gor disposal or

&herkedlor Bioskenj cal procedure or assay, a new
di sposabl e sheath is suitably applied on each

occasi on. Sheaths of this type are suitably renoveably
ﬂh@usﬁébth1lkh8uiﬁﬁﬁlyiﬂ@&eidf a §l§@ﬂﬁﬂé BRNOESsthRekhe

ARG @qlc%hdelenen%i descri d g % so that they are

readi 1y avail fd %ﬁ%lﬁ' 3ee §§Edu§ﬁd”b6§PﬂP%ﬁé@n with
1gsisagle Heagens i rtheysene | areteashipmade 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.
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
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.

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 fulfil both functions. For

example, heating elements may be incorporated into a core of a
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Thus, for exanple, the sheath nmay be provided with a
lip or flange, able to interact with a fork on the
worposeall4ds arm of the apparatus and |ifted i nt oP@DEBRI0GA02625
around t he processing conmponent as necessary. After
use, they may be returned to the cartridge for
di sposal or disposed of directly. The sheath is
suitably made of a plastics or elastoneric naterial,
and where they are intended fgor use in conj uncti on
with reusabl e heaters, they are pre era a
SRR STy SIS PR B HSEECo0 T oEx ol G pPRStT OF Deads
obi paed ket h horee Rédtirdeodr veseanmer chaldey awvaidnabl e
"cool polyner” material, so as to mnimze any | oses
in heater efficiency. Such sheaths forma further
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nsors, e tenperature of a reagent or
cgadm@ngnpmrtﬁ‘r ﬁhe?ewlélheﬁlﬁ:‘?%‘@j 1A b‘é’“g’éfléﬁim ned.

m\c{\aﬁgt ﬁle%ﬁ%@g heAg, desgriked aQQQC\fLe JfS tHS EthvesQHBn .
cali bration of the apparatus will be necessary to

ensure that these readings are accurate. In a

Taar &ﬂ)}&éﬂa&ﬁs efbp dilgeNtompiisredécaappacatass thachaldeyclers,
net to. faci tate ermval of . bead ;
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erenen € |1 ncor por at Into core of abar
aragnesmentd otfmstsltw@gteb@ewg@@ BbERLT cﬁhet PRPRTRANS pBT L Sepend

ﬁ%ﬁd%é’ naRALLi & €% ChedQ1N8AE I BYD BENYESS @leaBtion or assay
hanber contents. In_that instance,

di sposa
@ﬁ@at eenictrde P e bv ehe m&hhﬁgﬂa a%ﬁ}elh Defi1ea
giepbayed in the apparatus is suitably of a heat

The inclusion of multiple moveable components and chambers on a
cartridge opens up the possibility that the sample preparation
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, Dby
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,
for example using a standard bar code labelling system, and the
label will remain with the sample throughout the analytical

procedure.

All processes are suitably 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 sample
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conducting polynmer as described above. Such conbi ned
magnet /heaters forma further aspect of the

WO pooeMtd4esr. The apparatus may al so conpri se deRCT/682008/002625
such as thermal cyclers, optical readers such as
fluorineters, as well as data processing devices
arranged to collect, analyse and/or record signals
fromany chanmber within the cartridge or apparatus .
The sel ection and arrangenentjsof suitabl e devices

ithin_t atus wi |l depend upon the nature of
P Hen b Saf? B LA G it FBacEr ohPoP ag e e rngloved

ey red PERetkanicnwi | liowsrewi, t iy tolaaearmdcglaﬁrw%s thhlt:@dsafe
N7, ihcLusion of nultiple noveable co nents

g%{ %hge gfesﬂjc;%sa% FErdge’ §§gﬁ§dﬁ e B%%Iéqn%i j tyrention

Phaprrrper samdivedpsepeinat Eon apdietuaraldy prsgrmymihe it

lue U ipReasbary el f -¢ept Al upj . .
I R R T I AL R
H9chBnbet £74re noveabl e conponents, may be readily
di sposabl e after use to avoid further contam nation

i sk Furt hernpre, by conducting an assay in a single
Y'!g:haer r%fl%g%]focletssi %ni‘)ld’f@isb?et]i‘eom}aédfi%%“t%?esF?%ksU&Fl 8F rdr&eR,

e Qanﬁtﬁidsabélki$qﬁﬁabmgeiﬁthdéaﬁtEHdH@?li%§éﬂﬂhgﬂF¥vfﬁé.

. [ i ntroducti on of the sa e,
HRDTECEl M LR | e s b ad AUE ey be
RApstéppearmd the tatfalidugl 1£ rmeainedu t Botleeisarpkernatively,

ﬁﬂHr%Uglkﬂ@ Lgrxtalﬂgem Vel €Al c&ﬂ:‘%‘i??{;’é eabndAltine pépgs%%%%gss %sr Quch
suitably carried out automatically by programmng tte
H5Farat Rr e TAbYR! (He thel wmpie eohpdirentsriqdkayents the

@ireritigd 0 L£Loatacduldlh SRCILhErrd AR APR QRL 3L L,
uen r exanpl e, as described in WO2005/019836

se e. F ; : .
Rheess ?aé%’gﬁ B ) &8t 2 tTER VAR eiteagE e skepherq ofich
Jor sbedurensfokteien byspefGRCr eBEinN cyEDVRY f-ea MBAY
fyiﬁggr§¥ég:%ggrg§%ﬂ§1eWQ£0&5553%9019836). However, this may not
always be necessary and the incorporation of a chamber which may

be thermally cycled on the cartridge would be advantageous in

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
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.

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 least the lower
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sanpl e delivery is required may be undertaken using

the invention by appropriately designing the apparatus
w@e@0rads anm ng it accordingly. The appl i catiPeI/6B2008/002625

such robotic techniques is well known in the art. Wen

the process includes a thermal cycling step such as a

PCR, the apparatus will suitably include a thernal

cycling device. The vessel in which the thernal

cycling i's ?arried out may bﬁ;positioned on the

artridge i ui red. However r er e
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hﬁ@ﬁtytd@h&rbhiﬁhﬂ%ﬁﬁaéﬂﬁtahteoﬁeiﬁEXVSahphEﬁlﬁﬂtylpsl contacts
arr%ed out_on the cartridge, a particularly suitable

ager% ross

STeRETTY fhat the prepared sanple ends up in a
renoveabl e reacti on chanber, which is then transferred

th0p8: 1[51 pegLti cothermal s cycldsag: anead @s iddysbuatmsk for
in (W2005/019836) . However, this may not

E&Eﬂb&@ﬁﬂaennéeeﬁﬁﬁﬂ¥9raﬁ%P%qw@Cﬁnﬁ%ﬁﬁﬁiPaF|?ﬂWHﬂ&SS RS etaTY
2Rk hedmY 188y thasswm byeﬁ;yaﬁ:l @the)nedd?r,e gak tddedeEoMﬂlﬁed.y to
be advanta eous in tha% aIIo furt

Ao ARt Reh ok ol Bobed) BeBhed it Bhetugys, They
a“zendum-mgmﬁ@ W;Efca@ﬁilﬂaﬂ&&ttétaé’@roﬁt hed nate gpokiagly msed

artjcul in PCR reacti ons, as described and cl ai ned
%) V&f@§%%§4§e Yhe content of which is i ncor por at ed

herei n by reference) , provides a particularly conpact

%glg%]g%%tulbleg g‘ﬁ’ec'tlﬁrerhf 88r L&%%lHnP@EQerBQQEéQﬂm\Q' EQ §ﬂﬁrlde

resent application, Since the ECP nay
the pphiMITy Prasbtpdcat BERt RaTPR At PERAY LA ar mWﬁH&ﬁed

diSthaUs &thon EndesegIar yo r‘&i@‘é@@@&é’ dfoﬂégﬂj)nnga)rt Béoling.
cartridge. GEneraIH% mth
h

RRactrns FeStot ST e B o BE RRLATT ol THE PRI -

Eedaekattnegl viewll des nuthinipper prevent evaporation from aqueous
samples that are being heated, these capillary tubes are sealed

at one end, filled and then stoppered.

Filling such capillaries 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

such an arrangement is illustrated in for example in

W02005/019836.

For real-time PCR applications where fluorimetry is used to
measure optically the formation of product, in addition to the
difficulty of £illing the tube per se, the presence of residual
bubbles of air inside the capillary is problematic because these
can move, and expand and contract, and possibly expel portions of
the liquid sample, all of which can have optical effects which

manifest themselves as noise in the data.
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section for receiving the sanple, and a |ower sealed
capillary tube which then acts as the reaction vessel.

woRovessys t he | ower seal ed capillary tube conprPGCEEBEDB002625

whi ch effectively acts as a highly controllable

resi stance heater, when electrical contacts are pl aced
across it. In particular, the reaction vessels used to
carry out PCR reactions in particular rapid PCR

reacti ons conprise a capillary tube. Capillary tubes,
open at both ends, are used routinely to acquire

defi ned vol unmes of (eg bl ood) sanples for analysis.
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eating r’ cool i'ng Flattened tube formats may al so
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c%ﬂ@i:?fd@eangr@sfse\i%nﬁ eMaRQIathen dizem ﬁﬁ&l&&@SlSéﬁ‘mh&Sa

that are beln heat ed, these capill ar ubes ar

S8aFeh e Bhe RN, PFPHTI AT RArCR Upberd. SFITIT AgTies
as_lslsha£&}éislclrauséceslnmt>h0@m/e)19£id6cI osed presents a

probl em surface tension holds the sanple to the walls

of the tube nmaking a seal that prevents the air in the
Thubene scapiungtadce v docoreatitiies whgnf space dfsigdna premium or

ﬁ%fgegﬁ? %%EB%LEEQ%tdﬁﬁ@§gﬁ¥&€¥ohyoga@@hﬂdﬁeﬁ@sfié|dﬁi 9%551ble,

centri nto force'the liquid into the tube, and
centhi ErpadA PANGREIRE PS AT LIAOLS! 88 3h IPSrCRxERpIEaPREerring

]:]\céi%gpé{ %%561nf@rcdarp$§h.afiég3 Rﬁatﬁ&lp'ﬁefaabdgﬁsfﬂﬂl&ﬁﬁg narrow
uorimetry is used to measure a t he_f or mat

gPept odtRaS, 1Pn® At t6H ??P%q?etggf%? tﬁﬁno?ffl ”%uggfgs is
drkectse Heeuis&d. t he presence of residua

In particular, when using the system of the present invention
however, it may be desirable to make the cartridge a different
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 be
accommodated lengthwise through the centre.

The cartridge may contain multiple parallel sample processing
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
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 a buffer containing

purified nucleic acid from the sample.
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bubbl es of air inside the capillary is problematic

because these can nove, and expand and contract, and
wWpomshil4ys expel portions of the |iquid sanpl e, PEI/GBof08/002625

whi ch can have optical effects which manifest

t hensel ves as noise in the data.Preparing a capillary

tube for PCR normally requires the user to pipette a

sanple (typically 10-30 microlitres in volune) into a

cup formed at the top of thegcapillary, to place t he

capillary in_a centrifu to_ s th
Tht ARRd 132080 haﬁﬁn Foind, el B ﬁ‘&gy ; %pl &r%fr to make
th@ ﬁlmmehtihteag@apaﬂldi aihy nheoni ddre e&exmblra fwagle, axpraelsistnwal
cap .a e ace tl
a}egllé’tr 515 B%’W‘ exq—.e e Capéllés% :[c]ar?ettegegfmlﬁss than

S pr 8es% can Be aut nate in a sin
ablewtt dem) al $0 ey desesdded fnll\/\@?@@%l@q}&)%@lomfn afpiyassels.

%h@ﬁﬁgé fac?il%@"épﬁo }%Mllsj.p.@c@hé Sndtad & Q:‘?ﬂeum

ent propriate con ration of co OnentS is
captllmyssbc’elorc@ﬁt ERe RpRCEBPP rﬁvmﬁef o th¢Li FapIuePss part
t@BefHﬁémBBtﬁfy ﬂﬂh@@égeiJ|d%gtée§uﬂdeoﬁhénlﬁﬁ§ capDllary tlp

capillaries . Anqth t hod of |
N

shubbl eslily theref et ensequiesethy lwo party cuitar, cewerifugation
usi ng the system of the present invention however, it

Y be desirable to make the cartridge a different
shape to nore conveniently accommobdate a sanpl e vesse

f%ucPleiﬂ% h§£¥%tl&a éa@EHJdc%HLfﬁlfyﬂBedé£%%HtéEOBy holding the

cartridge Is generally rectangular |n
rplaahmn awarser titae &lxrebeorhyithe ecBrmRist ea ©

cJa%@Q.IL&H@ SeTBQr&thBel§%tn6€eaﬂ_l®e nheaatin %eaﬁ’&yator which
contain multip arallel sa Cesfcﬁ%
SOaeR P ERIBES GE CHTHSY. et (PGGars tedtlbs. mhe
&aphtdanyrikhl hé ngs maanpl;ymomeemotmnany Has wi tdradiel
prﬁgggg\f aSlpeCEméeag If%ngf cctan rolndlzk\llalxtd%%ln ggq}ge%lsto compress

the diaphragm on the pipettor so as to draw in or expel liquid

S

samples. The fine control is provided by stepper motors. The

actuators can be programmed so 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
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
capillary so that the capillary is filled without bubbles

being formed.
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The assay cartridge as described herein, generally
uses a pipettor and in particular a pipettor as
wale®onidzesl i n WO 2007/ 028966 for exanple to caPClHGB08/002625
steps such as the rehydration of freeze-dried PCR m x
using a buffer containing purified nucleic acid from
t he sanpl e. The applicants have found that by nodifying
the pipettor to make the tip rmuch | onger and thinner
(for exanple with an additi opal about 15- 20mm
extension with an_outside ?lane e | ess tg |
Sp@yme thedfplrh & Lhd e t TP ’ra’?:Yaﬁwu %r%ﬁ"seeS‘PP ne lf’ns
ouﬁgﬁﬂﬂ of The Ssyissefhuadderibbacibdveat ead byhusr ohi$ i igmshe

i de of the |Ilar sectlon of the reaction
ERRAHToP SRE"T I TRe i

upper part tapers snoot hly i nwards
so as to guide the Iong capillary tip into place, the

rRap1 { ar ¥P?€t?%ﬂ %]@ggt of €RFLA1ARNCHANPRICBMbBI0d for

SUCCESST U out needing to carr¥ out a
fgehind faugamt@rprstvépseltrr@mrtﬂm dopapatiagy Edpe vhich

C§H§f§§¥%fgh£¥oéﬁ%ﬂ% eSUffﬂieQYpfﬁéﬂHoﬁgwlfﬁfdheaﬁbhgﬁted tip of
chanmber in a fixe g05|t|o or g le . on, th tub

ac 8t IS Gge leTheipELE oo $IF ?ﬁﬁﬁi 8?5 RS lP S gfpe tube,
aaat&éﬁﬁyssmh5051pmmﬂgbe sD\wed phskertofi e axmmmmoblled.aanner
vertical t|on The actua I t

S8i PRt r® 88%'5 NP Fas™ % c% ax%gFE 5%?6 So
cUﬂdEIrénﬂig,COFWIﬁMdIathH hhanetmﬁqﬁﬁgdtt@ Qﬁaﬁpﬁeﬁquq¥§r from

tglagggfﬂyIEQF {ﬁgar%%pgtéﬁgédsgoﬂﬁeﬁéﬁrgEémkiﬂh QheeXPBlvery

I'quid sanpf e ine control is provided by
retepplerlimwidr SronTideabEkfat ors can be programmed so

that: 1 ) The pipettor fills with a set volunme of PCR
reacti on m x approxi mat el ual] to the enpt

VFLEHRS GABFEFAry ZLFATHEHRRGL LS P8 PRER FolPL bhed
2ecthad dd%@eDQGWhﬂH RabSripwsist lenebovest @dyddéathesection of

%%t%gggef f%@% §e é%rtggrtggiects of the invention.

The pipettor may take any suitable form, but in particular is a
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
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

in which:

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

the invention;
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capillary tube 3 ) The pipettor is then slowy
W thdrawn and, as it rises up the capillary, the
w@kwngersdd s control | ably depressed onto the di BEIIGRRIOB/002625
so as to expel the reagent mx into the capillary so
that the capillary is filled w thout bubbles being
fornmed. Such nethods for filling capilliary tubes have
appl i cations outside of the system described above,
and thus this fornms a furthep aspect of the invention.
Thus in a further aspect, the inventhgn rovides a ful in
FHgttod #®r2 SPPPAY Q RESRET o S 8388 ° &n‘%F‘F%JFJn - S
tE@pyskanyot ue whvettieenphicessi abswdusi mgcaife ld edmple
g%g%Ptor with an elongated tip of a dianeter |ess than
VTHat ‘of the capillary tube into the tube, and
depressing a plunger of the pipettor in a controlled
er t coptient S, ttQehs s CaRfddeab Ywith
F?%%%agn g&%ﬁ?ﬁ%?%é?f%ﬁRﬁ%fh%?gﬁ%nga%ﬂggg%oﬁgé?gitip of
at prndiepseserl fimoRl epre EABLT| Fhaf 9‘086%%" at a speed
comensurate with the delivery rate of liquid fromthe
tube. Modified pipettors, mﬁ%h eIongate tig as melg in a
Faguifodi £7ed REFSREPbHY S §388) /F Wilth CPAberideg gi teS "Sodve
va16ai basycsegti on of the vessel formyet further
aspects of the invention. The pipettor may take any
suitable form but in particular is a pipettor having
Faguietiegeatecercapiaendercher cangddoeoos dlduigl §7 cl ose
t he body, said cap nenber conprising a resilient
di aphragm which is deformable in a downwards
Fdpnectq on, aasenfeyépy bell Hher cexiipive Ph FAGYP6077 028966.
Such pipettors are particularly suitable for use with
mechani cal actuators, such as ound in.robotfifghe

; , , may be f
Fdgvre el 18ud hS FEmafhds edjcﬁgrﬁﬁles%?‘”é’%/“@r g%‘@i 2BEEE e S5

invention may be introduced into a apparatus in which a chemical,
biochemical or other type of assay or processing may be

conducted;

Figure 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;

and

Figure 10 illustrates a piercing element sultable for the

cartridge shown in Figures 1-6.

The cartridge shown in Figure 1 includes a body section (1) which
is of a rigid plastic material and is of generally 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
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the system of the present invention. The invention
wi Il now be particularly described by way of exanple
wawak/oteier ence to the acconpanyi ng di agr anmat PCT/GB2008/002625
drawi ngs in which: 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 invention which is about
to recsiVﬁ a sanpl e vessel; zﬁigure 3 is a perspective
view of the cartrid of Fl S | e vesse
theé Badycae kIR ﬁlfhegﬁ51&8?n d&? lﬁ-?&?naagggspecg BEC s
dyvd €W okf ekh@nd:atmtar fﬁlgle lehgEh guff eh8 bodia seckoged(l) so that
osi ti.on ure 5 & eng, v f d f
Etgerrménat S RSt P L S o Ph e e T e
cRagnele (3) ; hdd gaugenaralslyacsemmause % lagmeni s hohdneg RBwFDat

iR &Nty | Qg&m&a‘ attae | ayent bpnwi@yabgeamﬁgo@age@ | Nt ena
pparatus I'n chenlcal bi ochem cal or

chgprelof a§s%®P¥}ﬁeﬁr%R%ﬁﬁ§Fﬁ§ CIGECE E%ﬁuﬁﬁ?ﬂ@d(4kﬁﬁ§uF@a§ a
1L ustabes @rEanhed dgareh the dubeenti Gililnfpesitdowards the
in a receiving section of an apparatus; Figure 9 is a
c8Rhéhatic diagramillustrating a systemfor filling a
capillary tube, which fornms a further aspect of the

i nvent.i.on d Fi § il t e
3] S O P PP e, S BE AR CRBReLE% avan (@)
whi6h fEhdicedtrd dye stpw)i hyPﬁ:}upé 3 $HEoFded b body

section (1) which is of arigid plastic material and

is of generally oblong
The cartridge also contains a reaction chamber (10). A piercing

needle (not shown) or other piercing element extends between the
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)
is sufficiently far removed from the piercing needle or 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
membrane (11) of the cap (7) against the piercing needle or
element, which passes through the membrane (11) and thus breaches

the seal.

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



10

15

20

25

30

section. Aclip feature is provided to facilitate
| ocation of the cartridge when it is placed in the

w0 vt , A central |ongitudi nal channel (2pCT/6€B2008/002625

provided in the upper surface (3) ofthe 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 termnates in an end ridge (4) of the body
section. The channel (2) haspoa generally curved base
(5) and is shaped so that it could accommobdate a tube
(6) with a sealing cap (7) . The channel 2 is inclined
Fd@v\mvarldastﬁa\msda pheraindgelérdnts gut haltlea foirquéel in the
ine h e I I rds
c?ﬁ 5&9 pﬁé% ?hé é#%ﬂ%g?rgggdl%n%o%ﬁrﬁiﬁﬁ B%%éf%ﬁ% be
matemﬁindlaﬂelsaa Wb @) 1omhi bedY ol 42) xeHER @REhene Y 7)

OQXléi\@éd.y()fthféal RO rskaﬁg)pounIh ea®ar ar kdge @11430r§19£1taa_|oﬁ§ the
a reéaction chanber (10) pi erci ng needl e (not

£8§ROWA)tHGr PHEREINGRFREHy @Péﬁ%rﬁreéfﬁfﬁéﬁo%ﬁ ﬁérfmé%?ﬂ‘ A
f@Bﬁé@QJheﬂml%et&wcdﬁgtémen@aa (7)) wikbces piner eapget itpe

at the end ad t

Phel (RreToRtorb, e P nE B aRe oS EnfiR! fho ALY
empmemt sumfoaeEetmaercednén d%@heth@ﬁmb@léﬁ)m% ellgment forms a
nea Itl Oen Ifnrctnlf?e Cé}%ggeé Cf(tﬁr be e%,p_ (g:)efcﬁn element s of

f|C|en fenove e pl ercing needle or
o@henecmoqso SeﬂSmre cohdd Ke vssdpot breached. However,

the cartridge (1) is designed to be positioned vvithi n
an appar at us gnot shown which is provided with an
Thet oRfBTisl é icﬁléﬁpwc}zﬂd@ﬁs&?e“td@ BREHNSe 2PN ©

dowbendB)s ior thendlivseehi &l bheidniewd rhiah hotaesed

t he menmbr ane th 7 t th
ARBLHT Eotr FaPENT PRt ET R et (R RAGRE (he R Sha il

deblpd arskdRos rdr g0 hesitheayeadbntaimy 1 ggid deagehts surd as
btul#%grg p)wais%egbletec t %hg_lclg?\%a%/uﬁoet Péc?lﬁ%dafor the desired
processing of a sample. Others (13) may contain reagents such as
solid reagents such as PCR beads useful in the subsequent

processing of the sample.

Tn 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
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
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

W02005/019836.
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channel in the needle or piercing elenment into the
reacti on chanber 10, where it nmay be subject to
WO eoovlen4pr ocessi ng. However, no operat or contRBCI/GBRG0B/002625
the contents of the tube (b) has taken place at this
poi nt and so the risk of contam nation is
mnimsed.Fig 10 illustrates a piercing el enent
suitable for use in the cartridge. The piercing
el ement (40) is made from pl astics naterial and has a

I r y with one 0b|| uely
ﬁ%r&rﬁgg : ar 89%%1 ’}(he x6y°.% R*S ? C? PONSR rc}ﬁlget ﬁje)' a
Qﬂ§teﬁnt?ﬁ§5§ﬂeﬁb7ruyhabenzﬂncoamhchon'eneﬁlebﬂﬁica&[y

dRekcbei NG honoed a‘M?lertw Ol?ll eL£L09. SLENE :%5 t(o4%) Fultable

pi erces the cap of the tu preventing t
FUEGHT  FOMISHEPL Vir o’{fghsﬁhéeciﬁ &bei peptEneRehe 4 rtth@rmhb cycling

freasth o LRanberthathirs i Licpg gbgment forns a neat
hol e of round cross section. However, piercing elenment

s of other cross section could be used The cartridge
Thk) aatsgemeok udescHin seskeIS@El ]l i RAsBEIDE! mfre detail

ts.qr ti,lised.in an
h h
ot oiared ABarSHTEan B ceed TR itbarpdiaieats.
contains a nunber of foil sealed reservoirs (12) which

c T a t coﬁﬁon
THRY cEONLRIGE | LA BRSNS SBHET, A% Ul Le Tny 306

etc. may be require esire ocessli ng
e&féfﬂ%ﬂ%%r?&l%%@ hfé}e§e( 333 shaghebntdififerenlentsrenedd &9 suit

thel partieAgant sosichudSaCRnRads: usebthehitling analytic
subsgq%ent groce53|n of the sanple In addition I n
PERFE s AncaS Y RE18Hr $3idGE P! udeyereeriite§hps case, a

hoddab| € 8sofponent subaca)disBgptyei qaidpet t1e holdera( 18) is

P nd_.a _sheath 1 r exa
ag%grié?ﬁ%é§ne ST Fo&noveaﬁgﬁﬁﬁfgingﬁﬂght 8e5ﬂ§£f“%n?UCh
thak ’@frﬁarﬂ@@r (1o éﬂmﬁheﬁnaxmstt hke card r(rdgerass)r.equi r ed.
These noveabl e conponents are

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

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
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accommodat ed wi thin appropriately shaped apertures in
t he upper surface (3) of the body section (1) . They
wae@atrahged so that an upper region project SPEHGB2008/002625

the upper surface (3) so that they are accessible for

a grabbing armof an apparatus. They may be provided

Wi th suitable annular flanges to facilitate this, or

to assist in the |lifting operation, for exanple as

descri bed in WX2005/019836. bg this case also, there is

a provided in the cartrjdge (1 a,reactio I
a (OFF) CRAT I iteecHHIRE &Pif’ﬁg%%%é? 6359 &I Y e Py the
fholdenery) and aoladi cl18) whespecshnetied to a suitable

el ectrical supply, can subject the contents to a

thermal cycling procedure such as that required for
s@#GRe Theely maggeeerpléfdt #if ShissBeintyitio] the tarssddos nfor

eg%}{p%.edggﬁicl deen gb oaf teh ch Nudehat Lep it ebhes end region
i TTust rat ed enbodi ments. The cartridge illustrated in
(Fgefethe cltﬁﬂya_?%t%ﬁh)/1éon%r?seF8n’cearﬂJsll§FFﬁo‘E@?&tlﬁ%s%f the
s&hf Shkhoblidry il bespAtily aprargedet o suit the
particul ar apparatus and chemnical, biochemnical or
anal ytic procedure or assay being carried out.
ThoiEser p]é | thet imiﬁsdease,S)aiholwt@ts &18)aXlorpeheutaib@ 4] 6)
S pro e The _hol der 8).1 I
(SRS S hpatioe SBF R i B8 (ke TaBE (5] “uch Thar ther of
toapErrAratbutintagahhst thsecend i0Prgls g rpducahdchapaer
tfnj_'(g) Hay bgo rtﬁrg@ ped Qgal ngf t_tﬁz%r@@rﬁl{e! %@r@ﬁ@g’ deblilé nor
A
an u?prl ght sanpl e vessel receiving position b ans
phereing 3PP PLOEi R €& EhANEBoT of stﬁ‘t?séad%%/ {%e
}‘reg Snd of the channel (2). Once a tube (6) has been
oaded into the holder (1 it 1S remved fr t
Opfasiy 26Fuatemdar n%eésrste&dg%‘m%gﬂi ﬁéec?%enrﬁce “S( é?m’ E%e
cklhangeie( 19) e plamtiictety Oviochedsiael obntdie thehdee (E@pdis The
a@%ﬂgﬂgﬁqs then withdrawn whilst the sample tube remains in

position at least until the end of the analytical procedure.

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) snugly fits.

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.

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
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to engage in a snap fit |ocking arrangenent with a
correspondi ng groove in the ridge (4) of the body

weewvor4g 1), but only if the tube (6) is snugbgr/GBRG0S/02625

into the holder (18) (Figure 4 ) . At this point, the
tube (6) and the cap (7) are substantially conpletely
encased within the cartridge and hol der and so are not
accessible for fracture etc. A space (22) for a |abel
for a bar code reader to idepsify the cartridge and a

i ] n fhe. s | e tube_ t
tgﬂe read‘ rzrtg% %gppg"r%& edai:)sn%t%%ga% jgtfig?e %ﬁ&yh‘b’f dcg‘ne
a@PB)fat%pébﬁ yefuptoBahipt @peabed sty ube a&pplainedcat enter

r
tﬁnl.%b*é?hpod %Qr&ﬂ% Q@Upr’idjgi%lggge %%ggel% t%%2§3mplfe

l1ed to an e region
VﬁﬁéeboW)s€é%?%ﬁ% Ihe rEpogssing frrsickitat e tifackiwigrect

lbbﬁlﬁﬁﬁﬁi%th@fQﬁﬁﬁg&ﬁ@n@ﬁ@hMEh&%‘b@r99§ﬁﬁkﬁ tIhEHPQ%%
th %‘ﬁ’e‘) i ncl udes a snal | gerture

C(EFE?C §j IR ERSLEPRT tUr EPR2AYPRE s hAPkd to al I ow an

actuator of the apparatus into which the cartridge is

r dto t hr h _an o ur he tube (6
ST 04GR0 honAs LO/QUOD 000 50 BB LE ubtal .
bapémwlaﬁn@hesusegmvemgaheom|q:bgesé:43)r QI(fethhesample is a

13ghuat orhas w%%egulibﬁ[ﬁlﬂ/gplg £ %H.err E'I (nzé){: o2 b é which

cartrldels effectiv nnot
lép%‘ﬁ%]d* TREN 2 tF&8t 6F) i s &méﬁrwlt&h@hamomel of the sample is

kaamalca_» lidbRes RIANS 1h PRI ELI QN sat theasd4at bk Mée end
the anal ytical procedure. The cartridge (1)

lgﬁai%ﬂogast&%%?lﬁgt CREY 95 OMECES VBRI RED r%cé?W’??g The

sseplée onubef may s tlabl:el]@ap at.ah H&Xﬁﬁbmsamé ik sh rat18d1 ines
t. [ gure 7 at ,case

tgggﬁtﬁ&g%%r e%:/hel Vi n secr%gl 8h %kf'e t%@ué%p%ﬁ‘“gilﬁsaf‘%@o provide

acoRPrd ods cheshimgorthat 3He proylae lwing hisa wrlebES Sst{e3&kguired

lhﬂl@s WHZ'fC @hé hs%nffﬁgt ﬁégg)%e(’lllo%ﬂaggle)ﬁ In!lt S swa ueonp%w. swab

Is retractable into the of "t he ap ér%%us
( ) 1tself is placed in the tube together with a sultable and

preferably known volume of eluent and the tube (6) is then sealed
with a cap (7). The tube is then sultably 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

ligquid.

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
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).
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(36) , for processing. The support (36) is itself

noveabl e (see arrows) so as to align any particul ar
W@200w/ 00448 he cartridge (1) with an interacti ngPEl/6BRIIB/002625

(39) , which nmay be noveable in a vertical direction.

A simlar arrangenent, is illustrated in Figure 8 . In

this case, the cartridge (1) is provided with a lip

(40) whi ch engages the upper surface of the support

(37) when the cartridge is im6position within the

recess (38 The ho arranged soth gt when

A EEER A (3759808t (L OH TR DA Ta by Sr ot Fb Foos

tappaghatils, abhetact uatprirf aheopese g tthe hQﬂﬂ?r(6}8kuﬁ¢ as to

n il )
(23 el Sl ?g%bgéggf agrg%w&fo& J;Jlerwﬁg%%ﬁ% SEMRKR -

rtot rocessin
egceny réétemIEflt r &g tibeeti cdoeriingt o?h%FﬁéFrwﬁﬂ?ageﬁ\é?élClent

JTRR0S &8s Rl ayidednt OCJHeX %h%fafhter Iagg@at(ol:) zm e
position on ? he support_(37) . Thus in use,

ansuge| Feak ddef B?b]@?aﬁﬁiﬂe ‘fl&ﬁ ¢Reric &°P Mbcfﬁeﬂ?]r%% A by
1@Rah¥8iBs Jdryestdigat boamart.assay. |f the sanple is a
liquid sanple, it is suitably placed directly in a

tube (6) which is sealed with a cap (7) . Preferably
HBeraugel thve tobet h® sanphelirsedk dowmwaprdsi soweaburtéd, ridge (4),
&ar tZI.I %gic?r onftas.peed q‘%teyéﬁ'l Q/Jlltlhguljl %ﬁ#ﬁa{ﬂ&@longv@%lerc:mg

ualitative in nature e Sa
nmyllbeox nfsu,errlchae@i sliemsn redd Al dndh A mhﬁuﬁ%thonl Flraggoer

F%)fggliﬂgqﬁgtgpghéhspen3|ng of the liquid sanple and
o provide a neans of checking that the sanple vol une

is within the required limts . If the sanple has been
oyel b@g&ﬁ&kuyﬂla SNEHLab&BeEbtdﬁfe&ﬂﬁﬁkdﬁﬁbshh@ﬁ|ﬁoﬂ &xample

| aced in the tube together uitabl e an
BB Py RO Ha I O duGhe i ( Ao T Terby Hayesble
dhenssealeblw tbed twapffdt th§h§r¢¢&ﬁ§1ms,tWhﬂisiuth@bly

| c,Ea:hr% \ag%oj(%;;“%%%g?%ha%fueﬁ%%l Syl éa£€e§9§£ ezﬁc[t%.%nt rOMihat

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
limitless, as all that it is necessary to do in any particular
case 1s to ensure that reagent containers on the cartridge and
that suitable other components such as the moveable components
described hereinbefore, are provided either on the cartridge or

integrated appropriately into the apparatus.

A particular example of such a procedure is illustrated in

W02005/019836.

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
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al though this may not be necessary if the volune of
the liquid is sufficient to ensure that the swab
Wo eovalor4 mrer sed in the liquid. Then either dPCEGBROPE/00262S
or when it reaches a |aboratory, 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
| abel | ed, before being placed into an appropriate

cartridge receiving section of an apparatu esi
G BT PG HBER R aPy. POCBIGPE B0 AEeD ST TBct The
r&dtpAiCabntdiineehest l@adampne ansilngt acalpegirtocedlér 6 or

,assays. on t sa e) .At. 1his_pQj ; r
TR peracti o SORATLel Yo hhas Phreuan LRe Saeut trgy the
afi2batun dhe lbasbindticheoRothsse - ( 18)exD resveBtyrge Phigained
f]‘g&%&’% gl)iléﬁ?%ﬁl@téig%lﬁtlgokh%@lc%&gm?gaee;%? Ay OkhgEcessed

iercing el emen e ridge en

cing ¢ r . | 1 of the cartridge,

fSUfdiigpentepriags af ethies fappl Hetf Wothme q%&r(érjh%% thigett

mQﬁtBéataoﬁo('géBlet ofpSiE® bhatnd Rertubhsy oseah {rkprah part
the cap (7) is breached by the needl e or piercing

of| e APPABeCHUse the tube (6) is inclined downwards

tpr?rds thﬁ rid%e g4) , the liquid contained therein

Wi run thro the hol.l.o I erGi | e.0f.
B e P A 1P S0P, Butting, agonc
s@dB)aronnt heodarsperiiffe: fhlrea apyrartarusat scarlveh abtigteoor
nggl{eeicé a%&gccgér%ﬂ%alif{] s%%ﬂr@é e‘Mé%h@_giI@bQ:tiil@ca beads are

rocedures nown 1 n e art, Avertically noveable arm
then siyittradhgedys € rt xFIFIEc PSR F MGERLS| W,Chwﬁ? | Gserhgd

iﬁ@{)_té‘ iﬁl@%thf}q@%ﬁ@ﬁgk&igﬁtoﬁnﬁé%@t@cb)’wﬁ&f tesdanvhen it
notion, so at the appropriate chanber _.or.,conponent
a5hTIHe Car br ¥ e S éf‘?rgﬁ 870§ H% RECEr egcrr%/) oé%eOf =
cbhBBiner) 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.

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 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.

Analyte may then be eluted from the beads for example by adding
eluent, which is preferably hot, to a chamber containing the
beads. 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
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The possibility for assay design using this procedure
islimtless, as all that it is necessary to do in any

weaowhtdhar case is to ensure that reagent cone@i/G8LE8/002625

on the cartridge and that suitable other conponents
such as the noveabl e conponents descri bed

her ei nbefore, are provided either on the cartridge or
integrated appropriately into the apparatus . A
particul ar exanple of such ajgrocedure is illustrated

i N, WOP005/019836. To. summarj se that procedure however,
"ERBATS I TR AP M BN BEoL 670l CHY| B kFdmgpe Ln
ggpett dhnbkrsortiaibnbng aelilosadfy idt ehestatts-isiybj ect

to cell lysis. This may be achieved for exanple by

prel oading the chanmber 10 with a chem cal |ysis agent
FFERTBS iyt el dry éroehing icde, 2 BCRaddrnisuohyaalso be
Jreagesd iakebed£H10Mnach LRGN s6PNLAIRSE LOT.NRIBLEF 4
usi ng a pipettor 14, by introduction of a sonicator
S\kﬂitéﬁl‘? sbusf‘%FF ably PRREEFEYEH CRPt PP nAPP Ui cdrnysleic
seaaberaidcredofrahesne. sMREIE EanRIHNS 18583 At-aisngd sdrom
A.sea gd ?Qntgjrgaéhlz on the cartrldge tngg may be
Sedessed FOFtdw TG pPEr Mg 8t "Th&S SEFoFiass st trrd cally
dithterthevapphratsebl neyirdge caemavieakleh conporebht it

ﬁ%gtgﬂg reitgggo Oa[vaq%la Elqél?xger QE{HE@I&% ga%g%cggrzvam eﬁrfgggesnf

neti c beads ichare su

Y¥PREfeP ®§ERT- such an anti body specific for a

particul ar target analyte or nucleic acid generically,
such as "Magnesil (r)" silica beads are then
Ger ddice e fbiore RaKprEs FSiSngeer mEgRerere fihpscartridge,
iitnser $ @it ably Ot farsiteatdd i tanendruaht oh NERneaRt 8EL which is

éEQaPﬁﬁds Tﬂ&g it attrag}io Is required (for_exanple

6 PT ek (HE Brads olt ToTE 2ontaifiter )\ i reAobe L PRt IVe
rohgnsheathtivhen tFhelbeads ackiswegquibkefleds RE a modified
980084 e £OL J.ELANCE 1Q6E: LhE Shgath hag egn

As illustrated, the pipettor comprises 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
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 operation of the

pipettor.

The lower section (30) of the pipettor is substantially elongate
and of a sufficiently small diameter to enter a capillary tube
(31) . The capillary tube (31) is sealed at the lower end (32)
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 is carried out in the presence of a

fluorescent signalling system, it can be monitored throughout
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positioned inside the reaction chanber 10 . After
allowi ng the anal yte such as any nucleic acid to
whewone4dkihered to the beads, they may be renoREHGBR@A1002625

the reaction chanber (10) and placed into a different
reacti on chanber, which may have been foil seal ed

until the seal was broken by a suitable cutter before

addi tion of the analyte. The beads may be noved

t hrough one or nore wash chagbers, optionally present

on the cartridge, at this tine i i red. AN e

(Fdt ttﬁﬁ‘ﬁa%éemél ot B B tlﬂorfblond§31ré ?D%efg?g‘rpfé:ﬂ%% vessel
iaddi rgweleentrosehsettion, phef ermbivglhotin thearedionbef the
j&ﬁ?rgu NLPOH h%HE rt'_%ﬁt '(@19} Qfat Q%pﬁlté;%g}t LBy Bakeare

ace by intro E§ heat er provi
tamﬂaﬂdatsesasm @ﬁOV %Jraegéiﬂfé%lﬁpreﬁéaswe\ﬁ ﬁﬁ?*ﬁl%{l of the

E%Q&%QI i(¥g) disspesabts-sshaat bagif 1asydess i(bed. above.
wever, in the event that it is not, it may be

subj ect towashi ng steps using wash |iquids which may
Aﬁeeﬁﬁﬂkﬂhﬁﬁgrgﬁnﬂﬁagﬁﬂipﬁmﬁﬁ@EHSg?MiCh4aBBrQQMRﬁnahby
on,the cartri Reagent ita rLyi t

PR TRCEI ST RS 57 o e R e 20 o T eabtL oo of vay
o€ hawyxer anﬂolov@mnpéetwaéddomtmsomé’ sifilt-abl e buffer,

in particular one containing purified nucleic acid
extracted fromthe sanple, to |yophilised beads of PCR
Ineagontise MRATFOrsithiHredeadral raylbe hoppdpg gith the

CQEEPI@e' %2' e Wnﬁ:@k@c*@ﬂ@l @@p’@lﬁ@taliﬁl bYtIE'Q:\Hengl@xﬁgﬁEQES and
such das the cutter, pettors etg to ensung hat
lperehpitpr f AR Fa e?ﬁanfoleﬁng?%frasmdeg u?he SHER PR
regaeidOmitxtdlr € has heentprepanaedoon d:h]eretnabyra dag:epper

REROT i CRELSYFhaP B Py AN A Ul £oof - ay EEB" °°e

reakecdn indakhye apnductd i e pdbyhery) bodat (4fy.- F|II| ng is
achi eved by neans of a nodified

The pipettor is then raised out of the chamber by the moveable
arm of the apparatus, the cartridge is moved so that the pipettor
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
expel the contents into the reaction vessel (17). At the same
time, the arm is deployed to raise 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
tube (31) at a suitable rate to provide bubble free filling.

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.



pi pettor and the procedure is illustrated in Figure 9
. As illustrated, the pipettor conprises a plastics
whowy/0(R% provided with a series of annul ar fPERGB2008/002625
(26) which facilitate the collection of the pipettor
by an arm of the apparatus. A cap nenber (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 coggroll ed operation of the

ipettor. The | ower section (30) of_ the pjipettor is
REBHAO reafPEon =2 o 0L Bab "Rt an Fa e Shifeyay, =
stilgpet@rcapooens@ipparcapy [Hearpplide to3the .upHee section (33)
Rapiblary,t u@&éﬁ.ﬂ The seaked. gt the lowers end (32)

and so forns a closed reaction vessel. The'l dwer
SuneakRd (532%s i fdilpdbt ytherans payddngspredests, t fer example a

HRROGELES B 89bd @BELLOMELALL LR Qi 0.4 %nvséﬁseél @
be vi ewed. This neans that, for exanple ere the P

WEhRRE (S EPBHIMIETERE  presence of a fl uorescent
signalling system it can be nonitored

t hr augho r -t PCR) . The upper portion (33). .of

. ﬁég?%dcté %%ng%ﬁggﬁ?%s o%‘“eaogii RS %nggt%oé]@lli ShIndttng
styhemsveduch Ba thwe Teggah «of ReEbenjamsetunetiodfdollbgiepperd this
JROL L 31 ANdLcap] ﬁ}@é 31) e er SO as
lto pé%%i%g %\hgw élegf{c:)%ét erfg%\%:?a(sseec(tg?g)nogof%gfhg&e'
pipettor (30) as it enters the capillary tube (31) .

ohBe et &1k eal e CAREHLdNGaPObY MR L8y eFrL34) apparatus
sur rounds t he capillary tube, and 1s connectable to an
28et$53E8Fsuppl y by way of upper and |ower el ectrical
contacts (35, 36) . In use, the pipettor 14 is raised

ut of its housing with the cartridge by the .
T:ﬁﬁt o™ fesjteﬁ%ng? ?/ﬁctrﬁb?%éleﬁeé gE%g%PrSnﬂro"lde an
efffeetriet entoefficdant iwdy oifanbeducontai nrargetheosr

LED P Xt ure he pipettor actuataqr
pgr?véggg%y gﬁléég%%%?fgkrghehgcal,-gloc eﬁhcal or analytical
assays, whilst minimising risks of contamination and false

positive results which this may introduce.
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notor i s deployed to depress the diaphragm (28) so as
to draw the reaction mxture up into the pipettor body
W@ 28p/0194Fhe pi pettor is then raised out of thePChaBR@B/002625
by the noveable arm of the apparatus, the cartridge is
noved so that the pipettor is |ocated above the
reaction vessel (17) , and then |lowered, until the
| oner section (30) of the pipettor (14) is
substantially at the base (32) of the capillary tube.
The actuator for the diaphragm (28) is once again
Svated to expel the contents into the reaction
vessel (17) . At the sane tinme, the armis deployed to
ra|§§ Lh lglggﬂk%& (Qf@tQPEoﬁérf reaCtion vesse
(17) Re"novenen e armand the actuator are
co- ordl nated so that the pipettor (14) |eaves the
i1 aRklei bRt RRBI Y ided a
@a%lb Ca@?%(éée&é?l%oﬁas Q{F g gﬁ%r acy and c%nt roI | abi li %y N
S@#l%éa@@%%a‘teé’lseénﬁo e tar adhy PesHiiC 0P theSide b e

sSiphtaARbgsepNtd ekhbnghrst-apprs dmtt(itlage neaesitb et leash the
an operation is gosm bl.e. actl

oS BRI PRTRH 3 Suaos £ mart bl oeap o oot

or stopper
wﬂﬁk}(n.rb&hépbbd;&d;ebﬁlcbﬂﬂevﬂj[IlperC@S:OiiidGﬁr (%8% to cl ose the
vessel. The electrical contacts 35, 36 may be

connected so as to allow a thermal cycling process,

(ﬂxbr ex@apheun JBERCeG A i6AS1TD 56 dcBAElFdCEE; T ihipRparatus

hey (£RGL600 Jesoah (oDt LhO, EYEL HniRRVEERNzcalea

e PCR i ncludes one of the conventi onal
sgm@lrﬁalVIQSﬁgl SSAnERE NS CH- TS Ot RS TRFTAAEE T or
ResonSense(tm nethodol ogies and this is nonitored
t hrough a transparent base ,(32) of .t be.
coon*eF%St%é‘cﬁgjf‘iledﬁS ?‘r%/l(“bé Wgﬁ%%te%erw%]?n O%é%?ses @
HAPREF adtS aaneh ids ampbel . veEhel s ydteemgnarite doddentis
1%§§%{Aéf%dlﬂ ge%ﬂé %hgrefégﬁiogrgyléﬁ% @Qrtridge such that a

seal of the sample vessel is fixed in relation to the cartridge.

C

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

sample vessel in the body section.

4. A system according to claim 3 wherein the locking mechanism,
comprises a snap fit tongue or flange, which is provided on a
holder for the sample vessel and arranged to engage in a slot

provided in the body section of the cartridge.

5. A system according to claim 4 wherein the locking mechanism
is arranged so that it will not operate until the sample vessel

is appropriately positioned within the holder.
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effective and efficient way of conducting a variety of
procedures, in particular chem cal, biochem cal or
wW@rabprd4enl assays, whilst mnimsing risks ofPCT/GB2008/002625

contam nation and fal se positive results which this

may introduce.Clains 1 . A sanple delivery system
conprising (i) a cartridge conprising a body section
adapted to hold a seal ed sanple vessel so as to fix

the position of a seal of tig sanple vessel in

relation to the cartridge wherein at |east the seal
region of the sanple is substantially encl osed when

shel dawsydtiem bheolxbichy Secdnornef of hthecareeedige, capdns which
fggrjtl)xera%%!g‘)gigg’s %déQE%gg dEPL& %rsaégi\ﬁ—ﬁri&@' ggﬁquﬁa' d
apparatus-being provided wth an opening syStem for
sepels mynsaited ewlthdn sthfplsemods SEssebntai @2k 190 (FhefReT -
cartridge. 2 . A systemaccording to claim21 which

further conprises a holder for a seal ed sanple vzssel,
Twher eRnSYHE™MEFERTAINY FAsE fBFe°t Nt tpﬁgc%%dV Sedtion

w@.ter%:h? t(qj@r bﬁéﬂ;}g@; sy6ber hatpai s€alanobct et sampleh viessblle to
is fixed in_relation tq the rid .3 . .
a5ECOR dt ITG™PL° afyP S8 ewjo%ﬁrhg f8I4d. ngh%: ai ndé r\?\%%éggnﬁ n,the

precedi n
dppeking nedhanjsm issaprovitedvessadr deto terntersi witthe seal-
b@gggkllle vee%%ei n the body section. 4 . A system
accor (ﬁ%g to claim3 wherein the | ocking nechani sm

conprises a snap fit tongue or flange, which is

gor OViAdggsﬁ’é}n aeldely for ciden sampbec Messel sédl-breaching
arranged to engage in a slot provided in the body

deFdER OPPTETTiERS Wi OF BYe® PFerciRE \AEBRTBEcording to
claim4 wherein the | ocking mechanismis arranged so
that it will not erate ungil t?lesanpclevgsq IS

5 : . or, mo¥re
%appr @pPP’ﬁF%IPfcﬁ%gfri‘%%@dc hith "ERESHoI &gr?g A
Bysteny acicakdt 8 gcdrpranys one of ndwee plecetingeclasss
whi ch
10. A system according to either of claim or 9 wherein the
piercing element or needle comprises an internal channel and an
end of the piercing element or needle remote from the plercing
end is arranged within a reaction chamber, so as to allow the
piercing element or needle to act as a delivery device according

to claim 6.

11. A system according to claim 10 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 reaction chamber.

12. A system according to any one of the preceding claims which

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

13. A system according to any one of the preceding claims which

further comprises a sealable sample vessel.
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further conprises a delivery device for delivering a
liquid sanple contained within the sanple vessel to a

WO ewen1eas chanber. 7 . A system accordi ng to aPgI/GBe008/02625

the preceding clainms wherein the opening system
conprises an actuator which is able to act on a sanple
vessel within a holder within a cartridge in the
apparatus and urge a seal of the vessel into contact
with a seal breachi ng device. 38. A system according to
claim7 wherein the seal -breaching device conprises
one or nore piercing elenents. 9 . A system according
1% clAaisys8emvraceirdinhaoconéan fpmwhepeir dihggsaiwirenesgsel is
&%@E&gé%t@lﬂs Skp HEnp! £1AIAGNECUSD and A AnSYSIAM
according to either of "claimor 9 wherein the piercing
BIérent tRRreRéedl e conprises an internal channel and an
end of the piercing elenent or needle renmote fromthe
piercing end is arranged wthi ctlon chamber 0
BL°1 G BTPER rroprire g corthe %6t TAGE b0 e E ot e
wWalsklely devbtebbeaobding to claim6 . 11. A system
according to claim10 wherein the cartridge and
apparatus are arranged so that at |east sone of a
14.quird syahgh eeasictling £ohcéathedd yaapein vdssepaldlggs tube

Hﬂgﬁgegréyhgﬁeé?gpqggbthe channel into the reaction
system according to any one of the

preceding clainms which is adapted to hold a seal ed

tube pa%ytsF@In i@&'r@iﬂcﬁ&ﬁﬁ'anlyl&le l%vasq}tﬁé ef?@&féﬁ.@ﬁ@i A1G:i e

any one of the preceding, clains iC urt

AT S B APBaKF G CORRRT VHSERTT FASTRRES SPERP allow the
0§ Ngr tfarchar Mnt3swhedteion bietlsanphelyessdle ktsntinued.
provided with a cap having a piercable nenbrane in an
upper surface thereof.

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

wherein further elements which are useful in the subsequent
procedures to which the sample is to be subjected are provided on

the cartridge.

19. A system according to claim 18 wherein the further elements
comprise reagent chambers for holding reagents or materials
required to continue a chemical, biochemical, analytical or other

assay of the sample.

20. A system according to claim 18 or claim 19 wherein the
cartridge further comprises moveable components which are useful
in or otherwise facilitate further chemical or biochemical

reaction, analysis or assay of the sample.

21. A system according to claim 18 wherein the apparatus
comprises a moveable arm, able to interact with any moveable

component on the cartridge.



15. A systemaccording to claim13 or 14 wherein the

sanpl e vessel is a sealable tube. 16. A system
w@ecwondti4eg) t o cl ai m 15 wherein the seal abl e t UPEI/GB2008/002625

i ncludes an integral swab. 17 . A system according to

any one of the preceding clains wherein the apparatus

conprises further elenments which allow the analysis or

further investigation of the sanple to be conti nued.

18. A system accordi ng to any4one of the precedi ng

ai [ r r. el ement s h are usef ul
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conpri se reagent chanbers for |ng reagent s or
it SATRFY r“@&&f’rje?j Beysgbhe | nue a cheni cal ,
bi ochem cal , anal ytical or other assay of the sanple.

. emaccordn to.claim18 or claim19 wherein
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stidatch adaptusgietal coverosadt hesmmonent agidn tatesd.urt her
chem cal or biochenm cal reaction, analysis or assay of
the sanple. 21. A system according to claim 18 wherein
ihe dppirbtuscconpiisd® glabveblvbeaein thkl ehéath is
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cartridge.22 . A system according to any O e of the
precedi ng clains wherein the apparatus conprises a

ZFH OC@S%ingeIﬁQ’[H&@BQMg UtSf—‘fclJJlalx.h e Ukt heryehenh Cale Qs'i'lelath is
npl e

oc reactiqn, ana sis or assay of the sa
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vvhi ch further conprises a sheath adapted to cover said
Z%QWp%pgﬁgayﬁ"%&abgeg tO cover a reusable processing component of

an apparatus during use.

27. A sheath according to claim 26 wherein the processing

component is a heater or sonicator.

28. A sheath according to any one of the preceding claims
wherein the processing component is a heater and the sheath is of

a thermally conducting plastics material.

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

of claims 1 to 25.

30. A method for filling a reaction vessel comprising a
capillary tube which comprises introducing a filled pipettor with
an elongate tip of a diameter less than that of the capillary
tube into the tube, and depressing a plunger of the pipettor in a
controlled manner so as to expel the contents into the capillary

tube and concurrently, withdrawing the elongate tip of the



24. A system according to claim23 wherein the sheath
is provided as a noveabl e conponent on the cartridge.
WQ@2009818y8t em according to claim23 or 24 wher BCTIGBR@®8/002625
sheath is of a thermally conducting plastics or
el astoneric material. 26. A sheath adapted to cover a
reusabl e processi ng conponent of an apparatus during
use. 27. A sheath according to claim26 wherein the
processi ng conponent is a he#ter or sonicator. 28. A
pShe@tt,ohr %%%Sri%en %a Qlf‘:{yrgo @ﬁbgfa‘g lée sBé@cﬁ edymﬁgn&h:?dﬂ'és with
erern e processing component a heater and the
thhedg hiviegyofate toffethaddy feondira |trq1§epl astics material.
29. A cartridge adapted for use in a system according
to any one of clainms 1 to 25. 30, A nethod, for f| I|ng
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aCePBdisLesol Bi4edwoing a filled pipettor with an
el ongate tip of a dianeter |ess than that of the
capillary tube into the tube, and depressing a plunger
3af. t herpiqpeicnoressela conptivinged hewmersesbedscard léxpel
cont en t capi r r tdy,
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capi | I | ary tube at a speed comensurate with the
delivery rate of liquid fromthe tube. 31. A pipettor
having an elongate tip for use in a nmethod according
to claim30. 32 . Areaction vessel conprising a | oner
seal ed capillary portion and an upper section with
outwardly tapering walls .



