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This invention relates to an apparatus and associ ated net hod for processing
a fluid . anal ysis of fluid sanples, for exanple clinical or
environneﬁ?gﬁhggﬂ%ﬁgs, may be conducted for several readGHECBPAO0EE ant
area of interest is the devel opnent of a nethod for positively identifying
biological material in a fluid sanple, for exanple a «clinical or

envi ronnmental sanple. Such a method would allow for early diagnosis of

di sease states, which in turn would enable rapid treatnment and infection

control, or the identi fh@talr" @ST!P%‘GFJS%P‘%%# Sg@@m’ nants and the |ike.
Al t hough nucleic acid anp ) ol ynerase chain
reaction (PCR), is a useful and w dely used nethod for positive
identification of biological material in such sanples, several problens

exi st when trying to successfully develop it for rapid identification of
mat eri al | s dayepfien selates 49 lan epparatisand- assasdated srethodnior msesassing faofluiday poi nt
of care disease diagnhosis. One of the key problens lies in the fact that,
prior to smamiplecting a typical clinical or environmental sanple to nucleic
acid anplification, the sanple itself often needs to be purified and or
concentrated. This is perfornmed by a sequence of processing steps using
reagents, sonme of which are hazardous. However, nucleic acid anplification

IS just ong,of 4] £ . p | bl npl es of a _technigue where
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I nvol ves a nunber of simultaneous or sequential processing steps. The
proocessi ngcandupied deresaveral seaspns, Qae curgntater ohmtaest 4p dhsaSvelopmeanyof por
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method for positively identifying biological material in a fluid sample, for example a

clinical or environmental sample. Such a method would allow for early diagnosis of
disease states, which in turn would enable rapid treatment and infection control, or the
identification of environmental contaminants and the like. Although nucleic acid
amplification, for example by polymerase chain reaction (PCR), is a useful and
widely used method for positive identification of biological material in such samples,
several problems exist when trying to successfully develop it for rapid identification
of material in individual samples in a non-laboratory environment for say point of
care disease diagnosis. One of the key problems lies in the fact that, prior to
subjecting a typical clinical or environmental sample to nucleic acid amplification, the
sample itself often needs to be purified and or concentrated. This is performed by a
sequence of processing steps using reagents, some of which are hazardous. However,
nucleic acid amplification is just one of many different possible examples of a
technique where manipulation of a sample, especially a fluid sample, is required
which involves a number of simultaneous or sequential processing steps. The

processing steps themselves may be many and varied and may include for example



chem cal, optical, electrical, thermal, nmechanical, acoustical, processing,
sensing or nonitoring, in addition to possible dilution and concentration

steps. To waheysaeddsconpl ex fluid processing is usually eeRgiEhthosits

| abor at ori re. .. r |14 reate ] ne b ,..or are
troat od wi reiee: Gecrbdfod Sefdt Bloch el RoolRRT nrboltRBecYendiE o7 ¢ & o
sanpl es can be procgessed in aral l.el.. However, there are several problens
associ at eanP%tﬂmP&é%ég‘ﬁg?%&ﬂogﬂ%ﬁégglmpﬁE‘}{\Eﬁ%e’E‘qﬁ%}Ontw- are slow, resource

I nt ensi ve, expensive, subject to error and to cross sanple contam nation.
An alternative approach is to use conventional fluid processing systens
that require fluid sanples to flow sequentially through a series of

di fferent gbadesachbenplesafhiid Phevtbsng is usiallyi cdudted i 1sHoigbfies vbiprel N a
sequence. However such systens result in |oss of sanple which is critical

when processi I a@gﬁ tiLan _of r requires
the use of §§ho¢}gf éggfeﬁtgf%%&gg?ée desﬂeg% dg?bggs%?%ggag‘ggﬁfﬁﬁs%m@ such
there remains.a. need to devel op .an inproved apparatus whereby a flujd
Sanple.  parbeiaiehirgotS AR i HRn et SRS B duosledsidi My a
series of pre- determ ned sequential steps, to obtain a desired end product.
Such an apparalielisHowgvar] detseare sexeralyroblems @ssorigiedusith thesemethods.afbese or y
envi ronnment and by an operator wth little or no |l aboratory training such
that it cammdhaleuberthep aresiowresdueceaintdnsive, expangive; subject texanphad to ebbsi cal or
environmental sanple, prior to analysis, for exanple by nucleic acid
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be rapidly obtained, would free t r-fromrepetitiv asks and
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ideally 2
different chambers where each chamber is utilised for a single step in a sequence.

However such systems result in loss of sample which is critical when processing small
volumes, and automation of such processes requires the use of complex fluidic

assemblies and processing algorithms.

As such there remains a need to develop an improved apparatus whereby a fluid
sample, particularly low volume fluid samples, can be processed using a series of pre-
determined sequential steps, to obtain a desired end product. Such an apparatus
should be readily adapted for use in a non-laboratory environment and by an operator
with little or no laboratory training such that it can be used to manipulate a fluid
sample, for example a clinical or environmental sample, prior to analysis, for example
by nucleic acid amplification. Such an apparatus would ensure that analytical results
could be rapidly obtained, would free the skilled worker from repetitive tasks and
would reduce costs. Furthermore such an apparatus should have sufficient

consistency and accuracy to prevent the failure of later tests, and should ideally



WO 2005/ 019836 PCT/ GB2004/ 003363 conpri se di sposabl e conponents to m nim se
the likelihood of cross contam nation and to elimnate the need for

sterili sar‘{,‘g? 05 %f%& or art search has identified US 6, 374:5R%: }oﬁ 3
di scl oses ‘a (fui control and processing systemconprising a plurality of

chanbers S&gl} g@'ﬁ@?&tﬁe Y:@*né@n&ﬂéjib i@niseC@B gl?(%liﬂ@@cg of terofsélginlltkhﬁtaﬁoﬁ he

processin Id sanp according to a ven rotocol . hough this
provi des a_devel.o ng, i n e field.of an apparatus for processing a fluid
sanpl e, se@“gir glei%?mefékisknﬁl&qusuch problemis that, in order to
expose the fluid sanple sequentially to different solutions, it is necessary
to rotate the valve body to connect in turn, via several external ports, a
sanpl e processing chanber with a reservoir of each processing solution.
Such an apAaridrust searcinbas idehtifiediUiSe6|3746841 sdhichndBclosas- 4 dlait edmiro} and
environment by a non-skilled | aboratory worker because, for anong ot her

reasons, tﬁ%@ssﬁlg,syst%%xﬁﬁsﬁgmﬁfauwMﬁelrs%draq%&\feabﬁovmlu&k‘%t

reservoirs which™is inpractical ‘and 1'n the case of hazardous chem cal s may

pose a safety,risk, Fugther e, the.apparatus, utiljses a.single fluid
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turn, and to repove any ste materials, which may result in m xing of
resi dual nefolcehl Although this prgvides andevelapment am the dieldi ol aparpaatus forai | ur e
of sensitive processing sequences. There remains a need to devel op an
appar at us processingce fluichgaraple) severat poghlems hahainy eQnosech ptobkenabothat, dnobl ens.
It is known to use magnetic particles to manipulate target materials in a
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di scl oses a netho and associ ated apparatus for a specific binding assay.
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processing chamber with a reservoir of each processing solution. Such an apparatus is
‘not well suited for use in a non-laboratory environment by a non-skilled laboratory
worker because, for among other reasons, there is a need to connect the external ports
to solution reservoirs which is impractical and in the case of hazardous chemicals may
pose a safety risk. Furthermore, the apparatus utilises a single fluid displacement
chamber ’to deliver each processing solution to the sample in turn, and to remove any
waste materials, which may result in mixing of residual material in the fluid
displacement chamber and potential failure of sensitive processing sequences. There
remains a need to develop an apparatus for processing a fluid sample that overcomes

the above problems.

It is known to use magnetic particles to manipulate target materials in a sample
solution. One example of this is disclosed in WO 94/18565 that discloses a method
and associated apparatus for a specific binding assay. The apparatus comprises two or

more vessels in which an immunodetermination is conducted. The analyte binds to a



3 WO 2005/ 019836 PCT/ GB2004/ 003363 solid phase, for exanple magnetic
particles, and is then noved, using a renover, from one vessel to another

in sequen%zoﬁy&ﬁgﬁr ating reaction, and any ot her requi rﬁdré(ﬁ,??@?@?g s, are

performed in“turni1n each of the vessels and finally the p ound to

the target_ga ecare nmoved to.a _mpasur essel . .Agai n_al t hough this
provi des Ss@@g’l%%vfaoﬁgéa?qiétlﬂwpgpg&(g Ss%ﬁ%f ﬁ’eﬂifhﬁvﬁ& @ﬁ%%re[r%ea YAt atus is
only suitable for si n?l e .sanpl e mani pul ation and as such is not suitable
for the hi ¢ yessdripl anethern|injsequensp ph Geparatingreastion xandpiny othar requifed red t o
purify and concentrate a sanple prior to nuclei acid anplification. There
remai ns a.reedibnsare pudbmpedsinctormin eaplp of teesselnarmabfivdl it the pagiviesapandi at ed
nmet hod, have now been devel oped that overcone the above probl ens. The
appar at us fb%@&dr?&saﬂaﬁxké ad AbHd @ e HRE Y88, A%Mn%%ﬁﬂ?ﬁ?ﬁﬁs @ﬁ&?' e for
e; and ( 1) an a

receiving a sanp b) a functional “conponent; m capabl e of

being rais | r i-ncl udi ng .a ,neans. . for enpveabl taching to
the functi gog%?ag‘g’gﬂ%%\ﬁleﬁ’t% ﬁ@ r?fg .ESIQ%HSM%% P B yaF'ﬁ@E}eaﬁH | ower ed
with the arm and (iii),a neans for noving the platformsuch that any
chanber or Sl sample manipylationand ansychyis is’é‘ﬁag’@e {orithe pighbeeamplex mdtiar m  The
sanple is introduced into the first chanber. The platformis then positioned
such t hat stefhnpromessirigsfor exapleythathrequaretite phirficandoctaicentoatp arsemple prive tar m i s

| owered, attached to the functional conponent, and then raised. The

pl atform i gudifieBidmEyAdicatied) That remaHs 4 ARATHATRIEp sithdin'ppirkdisunder neat h t he
arm and the ann | owered thereby

An apparatus, and associated method, have now been developed that overcome the
above problems. The apparatus comprises:

()  aplatform comprising:

(a) a chamber suitable for receiving a sample; and
(b) a functional component;

(i) an arm capable of being raised and lowered and including a means for
removeably attaching to the functional component such that said
component may be raised and lowered with the arm; and

(i) a means for moving the platform such that any chamber or functional
component may be aligned with respect to the arm.

The sample is introduced into the first chamber. The platform is then positioned such
that the arm is directly above the functional component. The arm is lowered, attached
to the functional component, and then raised. The platform is then moved such that
now the chamber is direcily undemeath the arm, and the arm lowered thereby
lowering the functional component into the chamber. Whilst in situ the functional

component can interact with the chamber or the sample contained therein. When the



| owering the functional conponent into the chanber. Wiilst in situ the
functional conponent can interact with the chanber or the sanple contained
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conplete t efbé)%@ﬁg‘gn ei ther be raised thereby renoving tﬁ(te’ﬁi;%@f'}lg@;ﬁgﬁ

conmponent jhfeiRtibhes ESHAPIRRY the laRA dahakither ¥8 f&éﬁ%eréﬁ&drédi@rifég’ﬁfé fuB@dnaF onponent

Is either replaced on the platformor is further Towred to interact with a

further conponent | at f e i t he arm,can detach from
the. funct | SRRIeR sl s Bl s rdirhChifhe, S5 s BB SBteRE i
functional ,conponent. atfached to the chanber. The apparatus can be adapted
such that ?lﬁ’ér F?J’H%‘?tepo%lt € 0T d& e edyiq Antepast ey &irthst conduct
a w de range of physical processing. Exanpl es of physical processing

i ncl ude t heomxpminentamo thet pletfoumpt i Alidrnativehyi thet dron¢anededetly ifoal ther fanetioriahg,
sensing or nonitoring techniques. For exanple the functional conponent

coul d be acdigthnent @nd thsOplafain® mblid! thefebyBlvacingr Gt FnciRasY icb@gond pl aced
into the chanber to subject the sanple to physical processing.

Alternativ ltapnal conponent could be used to renove an anal yte
fromthe s%ﬁ%?ééﬂlsrtlﬂ%%%tﬁgnber. Such novenent of the analyte could
optionally conprise a solid phase binding material which is capabl e of

bi nding a chosen analyte in the sanple to forma conplex that can then be
noved from one chanber on the platformwith the aid of the functional
conponent Hnslapphratusmas beratdaptod sudicthairthe fimdtionad corhporfent paraimtbrate pathithed i n
anot her chanber. Furthernore the functional conponent could interact with

t he chanmbeganilé &b foonfist £%Adp! rAngS W hhysiealPprodEssihgC UExamplddr o pRysidaly a
seal, introduce a filter nenbrane into a chanber, or sinply act as a lid to

seal a chapeLecint if @MY thefnal, acoustic, optical, sonication, electrical processing, sensing

or monitoring techniques. For example the functional component could be a heater or
~ sonicator that is manoeuvred as described and placed into the chamber to subject the
sample to physical processing. Altematively the fuﬁctional component could be used
to remove an analyte from the sample in the (‘:hamber. Such movement of the analyte
could optionally comprise a solid phase binding material which is capable of binding
a chosen analyte in the sample to form a complex that can then be moved from one
chamber on the platform with the aid of the functional component and the movement
of the arm and the platform and deposited in another chamber. Furthermore the
functional component could interact with the chamber itself, for exarmnple could
comprise a cutter for piercing a seal, introduce a filter membrane into a chamber, or

simply act as a lid to seal a chamber if required.

The apparatus can also be adapted for the chemical processing of a fluid sample in
conjunction with interaction with the functional component as set out above. In any

chamber the analyte can either interact with a functional reagent or can be subjected



The apparatus can al so be adapted for the chem cal processing of a fluid

sanple in conjunction with interaction with the functional conponent as set
out above. Jen an chanber the analyte can either interagt wth a functional
reagent orV é?PSQi”éﬁbj ected 5 WD 2005/019836 PCT/ GB2004FEH4IBYYNFPhysi cal

processi ”gtooﬁhggﬁ%lgbrgé%figg?g b, 145 R0 H iDbSssttle RARAA thESpARARE AldTnauCh T hat

the anal yte c series processi ng steps as required by

the pre- dgternned otocol. ,As al ready desctibed the functional conmponent
can be uti esaéxgiytq 8%?/8%5%&%5%%‘386? Pgmogﬁ?m%ﬁeqsoa%mg‘a é’ﬁﬁ%\ PHat f or m
thereby allowing it to react with one or nore functional reagents in turn.
Al t er nat i veetormined pratiocoly As aleeady descriped thsfunetiongheempenegt pans be ptilisedposi t
theminto the sanple chanber in turn thereby subjecting the sanple to a
series of thewvedhc amhytp ficah ichammberl tb chambehen afplatborhethesshy dllvadingiit tappar at us
according to the present invention is very flexible and as such can be

desi gned t gapeRfiR oA 3r Mdie fsRELAA refgetisfih YN tA Tt efAM uId B@p&&%at i ons.
However the apparatus is particularly suitable for processing of a tluid

by 8 nucl oy 209 P mR PGS mf Aokl o o e PR, R, ek i acy o
alternatively an assay  involvjng biolumnescence or furthernore a DNA
sequenci ngSebjeding thessaainleq 3 sgigs of chamiet cnangpulatipisappar at us can be enhanced
in several ways. These include that the platformmy be essentially

circular and nove by rotation; the apparatus may conprise nore than one
functional conponent thereby increasing the potential sanple manipul ation

possi bl e; th@naBerfcé be se@Y thaddh tappiratuk McERMRE t6 ThePRséit iitioh ys VaS
physi cal processing neans which, rather than being | ocated on the platform
are |ocat eg.280V§d as such can be designed to perform a wide series of different fluid sample
manipulations. However the apparatus is particularly suitable for processing of a fluid
sample comprising a biological analyte prior to amplification of the analyte by a
nucleic acid amplification reaction or alternatively an immunoassay or alternatively

an assay involving bioluminescence or furthermore a DNA sequencing assay

especially pyro-sequencing.

The apparatus can be enhanced in several ways. These include that the platform may
be essentially circular and move by rotation; the apparatus may comprise more than
one functional component ;h&qby increasing the potential sample manipulation
possible; the apparatus may additionally comprise one or more further physical
processing means which, rather than being located on the platform, are located above
the platform and can be lowered into any given chamber as required; one or more of
the chambers may be disposable such that they can be removed and replaced to
prevent cross sample contamination; one or more of the chambers may be preloaded

with any functional reagents to reduce complexity; and that the apparatus is linked to



the platformand can be |lowered into any given chanber as required; one or
nore of the chanbers may be di sposabl e such that they can be renoved and
repl aced t 0 RhEN S, Cross sanpl e contam nation; one or nore of the chanbers
may be prel'oaded W th any functional reagents to reduce ‘ConpPat4f363ang
that the appgRilWreans shdhthadts Sherdbiolhd RIYAMIDASD B&E@gﬁg%%p%%ﬁﬁ%o a

control neans such that i1ts operation is fully automated. Designing the

appar at us Y ne o r & e cha £.s_h t adgdli ti onal

advant age t’%’aet Qrgee\?)lé re I(I?H{e& @F SC%S*HY)?I(%elﬁatsi @3%%@?8%%?%%ngﬁé S%?ﬁeﬂf actured
and then each fillgd separately wth the necessary reagents . for a different
pr ot ocol . Q?é%?fe lgﬁwl‘t dimensiops panybgymanyfacipred apd ﬂ%ﬁé’s‘?aﬂéguéﬁé‘??@éﬁtelb’or use

i n each instance thereby increasing the useful ness of the apparatus. This
appar at us with thewecessarydreaganisgtes.a diffesent ipnatbende Theatisdycad dbémséle ande
apparatus such that the platformnoves, the armitself need only nove in a
si ngl e di NRR&H Wb desird ARMbEERY Gk fh SRARMRACE Yherbbyf HickdaSing ARy agirmagssof this
apparatus is that the platformcan conprise a variety of functional
corrponentsof r aséﬁg Ise a heater, a foil cutter, a sonicator, and yet by the
use of a srngle*armable to renoveably attach to each of these, each in
turn can be manipulated to interface with one or nore chanbers also |ocated
on the platformto operate a pre-determ ned sanpl e processing protocol. The
apparatus is flexible such that its operation can be readily adjusted for a
vari ety of Thisi dpparabrsthapiseitenal cidvaniagede Jibesednclide thatbyrdesigring thepdpparatmnpl e
processi ng sequence can be established without the need for an apparatus

conpri si ngshdhtihdt Bt Bivdes, AhéTRin litGelBva saiRhévd M £ ukible! difhedflBaAr at us.
This also elimnates the likelihood of reagents m xing with one anot her

during thegpr O ERucink! BSihpIREKA "t R9GREN GGt "G this apparatus is that the

platform can comprise a variety of functional components for example a heater, a foil

cutter, a sonicator, and yet by the use of a single arm able to removeably attach to
each of these, each in turn can be manipulated to interface with one or more chambers
also located on the platform to operate a pre-determined sample processing protocol.
The apparatus is flexible such that its operation can be readily adjusted for a variety of
different protocols as desired. Furthermore a complex sample processing sequence
can be established Without the need for an apparatus comprising fluid pathways and
pumps to move sample through the apparatus. This also eliminates the likelihood of
reagents mixing with one another during the protocol. Other» advantages include that
the apparatus can be fuliy automated reducing user error, sample contamination and
user risk. Furthermore the apparatus can be designed to be fully portable for use in

the field.

It is an object of the present invention to develop an apparatus, and associated

method, for processing a fluid sample. It is a further object of this invention to design



t he apparatus can be fully automated reduci ng user error, sanple
contam nation and wuser risk. Furthernore the apparatus can be designed to

mventi on 18 XB89ERME an”appar at us, and associ at ed et hoBCHEBIAEERLGI ng 2

fluid sa I f \Y; esi
2005/019@%6@/ oo4§ (%ﬁ?fglg?fs Q?E%ﬁé vt S&B%%?% A Bl Sfhnpie @aﬁa% fles 6610

subj ectin ! uent [ aI or si cal
processi ng’e&l‘ chérgf%h (%f rPe‘gpeg Aé%ésﬁe@g mn gy grreecfeéeﬁn o ﬁ% and
concentrate a fluid sa prlor to a nucleic acid arrpllflcatlon reaction.
It is anoteierably det pgn rﬁné P?R"@HF‘P"SnH%We%@W%H@W 4R aapwdeiat aedt o be as
flexible as p055|ble to be sinple to use by a worker with little or no

| abor at or yamplificationy reactimnnot isabuotb¢roolyjecined tis iavintiont to desigre sachuarr
exposure to sanple, chemcals or waste. It is yet another object of this

i nvention 4f.Aakit6Beal Hexbidi PsSEBRPOMWRYifpRfo h’g@byaQWl?érl#ﬁtHH’ttlQ%r gheap to
manuf act ure such that they can be disposed of after a single use reducing
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for processing a fluid sanple conprising: (i) a platformconprising: (a) a
chanber susangidé eothponentsoafi the appazatssitotessheamtd maim)factufeusuch iheh #leyoanpbenent ;

disposed of after a single use reducing cross contamination of samples and
eliminating the need for sterilising large amounts of equipment. These, and other

objects of this invention, will become apparent in light of the following disclosure.

Summary of the Invention

According to a first aspect this invention relates to apparatus for processing a fluid
sample comprising:

@) a platform comprising:

(a) a chamber suitable for receiving a sample; and
(b) a functional component;

(i) an arm capable of being raised and lowered and including a means for
removeably aftaching to the functional component such that said
component may be raised and lowered with the arm; and

(i) a means for moving the platform such that any chamber or functional

component may be aligned with respect to the arm.



(i1) an ann capabl e of being raised and | owered and i ncluding a neans for
renoveably attaching to the functional conponent such that said conponent
maybe r ai red with the arm and (iii) a means i he

pl atform ﬁgﬁe‘{;ﬁ%{fﬁgﬁy chanber or functional conponent gg&%@%‘l@%ﬁéd W th
respect to the arm 8 WD 20051019836 PCTI GB2004/ 003363 According to a
second aspect this invention relates to the use of an apparatus according
to the pregent .invention for the processing of a.s le prior to a nucleic
acid anpl i?ﬁf%oéglingntor BatPY _asg\q:cgot Riiha: nare?ﬂfsr('f’ 35%&?? ?énlag PRYENE| on
relates to of processing a fluid sanple wherein the nethqod conprises: (i)
pl aci ng a awsAplieg kothsr PIEseRy inyentiam fon the PrecssHng pf atsamplmpiaer foot aneeicon a

pl atform of an apparatus; (ii) binding the analyte to a binding material to
f orm an anadig amplifitutioti regctiommt eri al conplex; (iii) lowering a nmeans for
reversibly attracting said conplex into said first chanber and allow ng the
conplex to be attracted to said neans; (iv) raising said neans fromthe
first chanber; (v) noving said platformsuch that a second chanber is now

al i gned wi tyh t means: f qr vyersibly at tin id ¢ leexy (Vv

| oweri ng sg‘fﬁmﬁ’@ ntg ggﬁmfrl ga%(%cgitﬁlwmgﬁn}ﬁpggﬁageé %a&ﬁ@tﬁ%ﬁ%ﬁgifﬁk‘%s. Hvl)esecond
chanber and_allow ng the conplex to detract from said neans; characterised
in that th®heyem e &isthodeMNetesd t o a physical processing step either in the

§)) placing a sample comprising an analyte into a first chamber located on a
platform of an apparatus;
(i) binding the analyte to a binding material to form an analyte - binding
material complex;
~(iii) lowering a means for reversibly attracting said complex into said first
chamber and allowing the complex to be attracted to said means;
(iv)  raising said means from the first 'chamber;
(v)  moving said platform such that a second chamber is now aligned with the
means for reversibly attracting said complex;
(vi) lowering said means for reversibly attracting said complex into the second
" chamber and allowing the complex to detract from said means;
characterised in that the analyte is subjected to a physical processing step either in the

first chamber or in the second chamber.

According to a fourth aspect this invention relates to the use of a method according to
the present invention for the processing of a sample prior to a nucleic acid

amplification reaction.



first chanber or in the second chanber. According to a fourth aspect this
invention relates to the use of a nethod according to the present invention

for the prpe8gssigiskspf @ sanple prior to a nucleic acid ifol i
reaction. ‘86\/\0 2305?019836 PCT/ GB2004/ 003363 Accordi ng ?gm@adl{zw@uaggpect

thi's i nvenddcontinigtosd Efthtagpddd ehis séveffiorbrelitéitiortbe U8 6f 4 Bindiny MatefiBl inqd
according to the present 1 nvention for the processing of a sanple prior to a

nucl ei ¢ agj infds ' is . rifl] : pxt 0 | S

i nventi oncdrle gqrgésdo%déﬁgw ?% 15Ilségelcntt agl en@g?&ctﬁ%?gor%&(]ﬁg gf év%g@gqoﬁqsrat{o? lid
conpri si ng_‘a mr&b&aneﬁﬁngﬁghar P@Jct erised in that said nenbrane is recessed
within th qc}ebqa FEPAFUAB L B?‘i on of the Invention Al publications cited
herein are hereby incorporated by reference in their entirety, unless

ot herwi se indicated. As used herein the term"fluid sanple” nmeans any sanpl e
that exists as a gas, a liquid, a solution conprising a sanple solvated by
a sol vent , A@ording kaiadixth sspett chisrinvestiog relates toa lidyrshitpblasfes clostireeofapl e an
enul sion. A "fluid sanple” is also taken to mean a sanple which nmay
initially [ ki rxﬁﬁﬁ?r : i lanid Wi . liquid
but which %S#’%@gggggygg%go% I SSO v%gt%ﬁﬁt% theglsidd)(kiﬂi ﬁba?g aﬁﬂs% urréelsof
solvent. Simlarl.y. "fluid sanple” is also taken to nean a gas sanple
which is ﬂgg@g@awm%]ﬂ&.a cycl one during which particulate matter in the
gas sanple is suspended in a suitable solvent. Exanples of sanples include,
but are by no neans limted to, a fluid sanple collected fromthe

envi ronnent such as a river, a fluid sanple collected froma patient

Detailed Description of the Invention

All publications cited herein are hereby incorporated by reference in their entirety,

unless otherwise indicated.

As used herein the term “fluid sample” means any sample that exists as a gas, a li;luid,
a solution comprising a sample solvated by a solvent, or a fluid system cbmprising
one or more phases for example an emulsion. A “fluid sample” is also taken to mean
a sample which may initially be introduced into the apparatus as a solid or a viscous
liquid but which is then dispersed or dissolved by the adding of a volume of solvent.
Similarly a “fluid sample” is also taken to mean a gas sample which is passed through
a cyclone during which particulate matter in the gas sample is suspended in a suitable
solvent. Examples of samples include, but are by no means limited to, a fluid sample
collected from the environment such as a river, a fluid sample collected from a patient
such as a urine sample, a viscous sample collected from a patient such as a swab, a

fluid sample collected when air is passed through a cyclone such that particulate
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such as a urine sanple, a viscous sanple collected froma patient such as a
swab, a fluid sanple collected when air is passed through a cycl one such

t hat parti‘&ﬁl g&z 5?10 WO 2005/ 019836 PCT/ GB2004/ 003363 matt@g in the air is
entrai ned 2852868 d col | ect | ng chanber, such as that FEIGRBUPBH3 o
02/ 29380 and,the like. s herai n the term"functij.ona ent..,' Jjreans a
solid che g[sr mb+‘8 P’(Sd? @Fm%%dm?nﬁlglfl@aﬁd g‘é%rfﬁ %%’iséc%gsek’afﬁesfﬂgw{;%par at us
or net hod (\)\fl th&%)gresent invention. It may conprise one or nore chem cal or
bi ol ogi cal WRAEAPB80 aeithg 1ks- a sol i d powder, bead, capsule, pressed tabl et
and the |ike. Suitable exanples of reagents include, but are not limted
to, lysis reagents for exanple chaotrophic salts, nucleic acid targets,
nucleic acid synthetic controls, bacteriophage, |yophilised enzynes, dyes,
detergents, antibiotics, antibodies and the |like. Such a reagent nmay al so

be processed §ded merdlatthé ternt ORMEHGRS apedO! hehnBNAsslid Eethiasl, HdI6gical orCapabl e
of binding to an analyte in the fluid sanple, for exanple a nagnetic

particle opti I : Ew’-% f V Ol Siq1 . r e term
functi onal Bié‘gsgér}‘ﬁ aé%%@?aggﬁgso gleﬁaﬁggljra@tsggl T dco?rrt%gr#’%ée%%:ﬁﬁé - I ns for
interacting with the fluid sanpple.. These could include, hut are not limted
to, a stirCRTIPHERONS of WEFe @a@% S, binlesiea! Ge4meais Sosedas 4 sl pogider, e o
herein the term"functional corTP_onent_" shal | be taken to nean an el enent of
t he appar atapsuld; presseddaipeteanddbe like eDuitablsexampiesiof reagents dnaduds, butaranotach to
the armof the apparatus. The functional conmponent can be designed to have

a wi de var iligditedatb, Y8R reagehtsol lex@pRNghabesihid 641ty hiidleidi £1d REEHte disle® . The
specific use of one or nore functional conmponents can be readily identified

by one ki hd chiinkfle ArbrodePERMBNAR, BGHEREF it agls,  BaeRRAR! 2 US-

For exanpl e i onal tonpon

antibiotics, antibodies and the like. Such a reagent may also be processed such that it
comprises a solid phase binding material capable of binding to an analyte in the fluid
~ sample, for example a magnetic particle optionally coated with an antibody or similar.
However, the term functional agent should also be understood to comprise physical
means for interacting with the fluid sample. These could include, but are not limited

to, a stirrer bead, a sonicator, a heating means, and the like.

As used herein the term “functional component” shall be taken to mean an element of
the apparatus that has been designed such that it can reversibly attach to the arm of the
apparatus. The functional component can be designed to have a wide variety of uses
as will be apparent from the disclosure herein. The specific use of one or more
functional components can be readily identified by one skilled in the art depending on
the specific use of the apparatus. For example the functional component may
comprise a means for interacting with the fluid sample. Such a means may provide

some physical processing to the sample for example heating, cooling, optics,
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conprise a nmeans for interacting with the fluid sanple. Such a neans may
provide some physical processing to the sanple for exanple heating,
coollng, gﬂt §nw WO 2005/ 019836 PCT/ GB2004/ 003363 Sﬂ@hﬁﬁhbgﬂmmépd t he
i ke. n |ve y the functional conponent may conprise a

i nter act | rsgnicatidn, tand thbdilteer Alfesmtivelyfthe fenaisnhlecdipaht Rthyaconiprisetd er to
pierce a foil seal, to cap the chanber, to |ntroduce a filter and the |ike.

Fur t her mongeank iie; Flgt 2 %thotﬁ HB‘ Bér RN #ile r{%ﬁ?}%ﬁg'dcﬁﬁ%% afé?fltﬁp?d” ng the

sanpl e, or an ana ont a| ned thereln to a ham

P LA G R i S B DR

conpri si ng a platformconprising: (a) a chanber suitable for recei vi ng
a sanpl e; tﬁﬁm %lgyala:omme@ntmacéeﬁp@ﬁ or for moving the Aaplesen an amalytei ng

rai sed and | owered and including a nmeans for renoveably attaching to the

f unct i onal contaifmdrtkereirstoahothent¢haatetlof theapgarans. nmay be rai sed and | owered
with the arm and (iii) a neans for noving the platformsuch that any
chanber or functional conponent nmay be aligned with respect to the arm The
apparatus is designed such that it is suitable for subjecting a sanple to
one or nore processing steps These processi ng steps can include chem cal

Ceuenti o T pormes A s Bpised bt et SR ARE AdTBEoB?, g7 he Sampl e wi th

one or nore chem cal reagents, but may al so include physical steps for
exanple radiating the fluid sanple with thermal radiation,

This invention relates to an apparatus for processing a fluid sample comprising:

@ a platform comprising:

(a) a chamber suitable for receiving a sample; and
(b) a functional component;

(ii) an arm capable of being raised and lowered and including a means for
removeably attaching to the functional component such that said
component may be raised and lowered with the arm; and

(ili) a means for moving the platform such that any chamber or functional

component may be aligned with respect to the arm.

The apparatus is desigred such that it is suitable' for subjeeﬁng a sample to one or
more processing steps. These processing steps can include chemical processing steps
such as diluting the sample, washing the sample sequentially with one or more buffer
solutions, reacting the sample with one or more chemical reagents, but may also
include physical steps for example radiating the fluid sample with thermal radiation,

subjecting the fluid sample to acoustical processing and the like.

12



Supjeciing the fluid sanple to acoustical processing and the like. 12 WO
2005/ 019836 PCT/ GB20041003363 The apparatus conprises a platformthat in
turn conprises a first chanber and a functional conponent. The chanber nay
al so be kwomooasidsBe sanpl e chanber since this is the chameB2004008868 he
chanber into which the sanple, preferably a fluid sanple and nore
pr ef er abl yTheoagparatis gommprisssad piatformsthay ins turih tompttiseed first chathberagmlaa at us.
The sanple chanber can optionally be integrated into the platformof the

appar at us, fufiétional ¢omipticht/ €The ¢Haybeemag Alke BRll@oivneRthd Gumilabhanpersieb that it
can be filled with the sanple elsewhere and then placed into the platform

The functi tHeTRAR | ed&?in' t | t1.C attached
to the ar%ﬁgk t he apggirngt)gls. t@?lgﬂ%ofg@ébrh rt@%ﬁ%r%é‘lf: ? fﬂ%tée?%orli]g;ﬂ%f ?z %ﬂeﬁi ©

functi onal conpone n be .attached tq each other thrqugh operation of the
appar at us %ﬁtpr‘%}lﬁ’@f’ SRR N &A1 A0 %rls?lﬁsgé?@f{'}%ﬁﬂmit%g’&raﬂ@?m?“ﬁafmﬁ he
operation of the apparatus can be fully automated. It is also preferred
that the asampleehambes fapyoptioneiiy:he integrateddntestheoplatfiernt ofithd epparatus; emponent .
Several different designs are possible. One sinple solution is that any

f unct i onal alteemgtioelgnhay be danogibéefrom the plutfosm auchithatuneer beviiled wathf the ked
conponent of the armnmay slot. Once the armis in position the novenent of
the arming leg%gﬁdmeﬂg[gcg@ toﬁi'eﬁﬁﬁiﬂrﬁﬁ al lows for novenment of the
functional conponent in essentially the sane direction. One advantage of
this design is that the novenent of the platformcan be used to interface
the fork of the ann with the |lip of the functional conponent. It is also
necessary that any functional conmponent i s not permanently fixed to the

pl at f or m ofha factionsd eampenenids designgd suchithgbitean hegemeveably atiashed tet thor m of

the apparatus in a manner which allows it to be rel eased when required.

Agai n manyarm of the apparatus. It is preferred that the arm and the functional component can be

attached to each other through operation of the apparatus without the need for any
user interaction in order that the operation of the apparatus can be fully automated. It
is also preferred that thé arm mechanically removeably attaches to the functional
component. Several different designs are possible. One simple solution is ti:lf;lt aﬁy
functional component is designed to comprise a lip under which a forked component
of the arm may slot. Once the arm is in position the movement of the arm in an
essentially vertical direction allows for movement of the functional component in
essentially the same direction. One advantage of this design is that the movement of
the platform can be used to interface the fork of the arm with the lip of the functional
component. It is also necessary that any functional component is not permanently
fixed to the platform of the apparatus but is instead held in place on the platform of
the apparatus in a manner which allows it to be released when required. Again many
different designs are possible. One example is that the platform simply comprises a
hole into which the functional component is dropped and that the functional

component comprises a lip to prevent it falling through the platform.
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di fferent designs are possible. One exanple is that the platformsinply
conprises a hole into which the functional conponent is dropped and that
the functional conponent conprises a lip to prevent it falling through the
pl at f or m M®2845019836/ 019836 PCTUGB2004/ 003363 The appar BETEBANMHOIB6Hpri ses
an arm capabl e of being raised and | owered and capable of renoveably
attaching to the functional conponent. The design of the armw |l depend in
part upon the design of the means for attaching the armto the functional
conponent . Thisappatatusialsoatnaprises an srpcafablercfdbeingatisedhandlomeral atddagatdel such
that it is capable of nmechanically attaching to the functional conponent.

One exanpl ¢f fnoReably rmh@lﬂg% e fimctibill cohPoAén) CrHEPAdsES of tHeOkrtn #il1 t he base
of the armthat is 1n a plane at right angles to that of the armitself and

whi ch can ogﬁlth t he
sl ot and |&é¥ (? 5 ﬁ&g%&;g&ﬁ | entat e‘%‘@?&ewmnng théggégéﬁiﬁe;ﬁﬁcﬁ&%
perpendicular to th m)ve nt of the t hat . further ans of

at t achi ng $9FPORFRh a‘gﬂs?th FAPQ¥E F@ﬁﬂefgﬁ%gﬁg&e %TF‘élsr 8of G“Ct} 28 Breferred
that the apparatus conprises a neans for raising and |owering the arm

pr ef er abl ycapabla of uberhanically laitaching iocthe funetional compattent. mOnesexiampe of @r abl y a
mechani cal neans that is preferably operated electrically. The path of

novenent  ofim| Flﬁe@fgﬁhs&ﬁ@ﬁl&r&ﬁccﬁﬁpﬁsbﬂ’@'f&k%ﬂmebfﬂm abitn thit iPkeh prahed t hat
the armsinply noves in a single dinension up and down with respect to the

chamber. T € to nove,
ensur es th%t gﬁ |s usuali &;n %e%f %&%‘T{J]?Fébngﬁg& r(P"[i}ng arm%é nove
once it has been r | sed r.ed |n rder to adjust i rientation with
respect t o°QRODEL ¢ &H’FF’%FGQ%#&%?. é?sem%ﬂ??é{ﬁ@r%?n@&ﬁ?fg@ram?ﬂbq‘eof.

essentially perpendicular to the movement of the arm such that no further means of

attaching the arm and the functional component are required.

It is preferred that the apparatus comprises a means for raising and lowering the arm
preferably in a substantially vertical direction. The means is preferably a mechanical
means that is preferably operated electrically. The path of movement of the arm
should be as simple as possible. It is preferred that the arm simply moves in a single
dimension up and down with respect to the chamber. The design of the apparatus,
allowing the platform itself to move, ensures that there is usually no further
requirement for the arm to move once it has been raised or lowered in order to adjust
its orientation with respect to the piatform or any functional component or chamber

thereof.
The apparatus also comprises a means capable of moving the platform such that the
position of any given component of the platform can be altered with respect to the

position of the arm. In the case of the situation where the platform is arranged such
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The apparatus al so conprises a neans capabl e of noving the platform such
that the position of any given conponent of the platformcan be altered
with respect to the position of the arm In the case of the situati on where
the platf VP804 nged such 14 WO 2005/ 019836 PCT/ GB2B6A/GRISBIAN336B hat t he
functional  conponents and the chanbers _are aligned linearly on a platform
the pl at f oAl the Janqtional, eamponeats) andeihe chambers jarsalignsd lineady 08 aplatfomm
appropriately align the functional conponents or chanmbers. Alternatively if
t he pl at f othenpiafoanritselfenovesdin a lineat ditdetiod fhont sidetdl side tpappropriatelpdlighanber s
are arranged in an array on the platform the neans wll translate the

pl at f or m t e ApRKORAlicBiPoIerds bSShanttRrd. Uitdrhively i€ HERNMEHBis aﬁrangéﬁmr s.

Alternatively again if the platformis designed such that the Tunctional

conponent -G f ' LaGul ar, [ e

oatr orm tidthe SREAERATORIBNANE A ERAARE AP aftafddiit ot ariaf S (L oBMI
conponents_or cha S. , This .nat onl has, t he advant age. of . si lifying the
megﬁani cs %mqaﬁ%&ﬁﬁ&évﬁéﬂﬁ%ﬂplﬁﬁefméﬂgapmm 1%6]?%} q@gg{cqm%pogﬁnt ppgr at us

designed for use in a conplex nulti-step sanple processing reaction, other
physi cal pemwdchasbersg Alternativedy agdinof the platfirmi is designedoswel thatdhe fimcfionaln t o be
| onered into the chanbers as required. If the platformitself were not able

to nmove, t&Rfpdnkkts A0 the) hadibers deb zh'i'ﬁﬁéﬂ inPhyisduda fagtion o8 $hé BlatBaR Sthe Woul d
need to be programed using conpl ex three di nensional nmechanics to both

orientate w.td | . o q;gﬁé glnggp ¥apher in the
correct sé\fauencg‘ﬁgg@%{]zﬂaﬁéﬁgégﬁ%@v@&@dﬁ%n rtlé):ﬁse ﬁ%rngiof r<]anﬁ)r'z[ft'formas
required. e p|latform,itsel f can, have.any, size and shape. Howevef it is
preferred :H;‘étm’{ %Y%B%aa?' ftpge %%%@Hﬁfyéﬂ e mier "érf%’éﬁ’c% meyenehohige by
rotating to align the chanbers or functional conponents with respect to the
arm or ot ham phiyalse allowedhat, inTan gppdraiys designed for use in a complex multi-step

sample processing reaction, other physical processing means can also be positioned
above the platform to be lowered into the chambers as required. If the platform itself
were not able to move, then the arm and any additional physical processing means
would need to be programmed using complex three dimensional mechanics to both
orientate with the desired platform functional component or chamber in the correct

sequence and then to be lowered and raised towards the platform as required.

The platform itself can have any size and shape. However it is preferred that the
platform is essentially circular and able to move by rotating to align the chambers or
functional components with respect to the arm or other physical means. This also has
the advantage of minimising the size of the apparatus when several different
components are involved. Optionally the platform can be fitted with a sensing.
mechanism to allow for correct positioning of the functional component or chamber
as the platform moves under the arm or other physical processing means located

above the platform.
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t he advantage of mnimsing the size of the apparatus when several different
conponents are involved. Optionally the platformcan be fitted with a

sensi ng &f}ﬁ\# nge_’to al low for correct positioning of the functional
conponent MPEPF  as the platform noves under the ar RCIGRAMO3IAY s cal
processi ng neans | ocated above the platform 15 WO 2005/019836

PCT/ GB2004/ 003363 As set out above the functional conponent can have a w de
variety of different uses. On the one hand it can conprise a conmponent

whi ch i s ddsisginad above il diational ¢cdmpdnent caarhave a wide venetypifelifferentyses.onpri se
a sonicator, heater, optical detector, neans for providing an optical

si gnal andOife bh& ﬁanmit ¢hn compiss E@oﬁﬁoﬁéﬁ@ um!i&atfs%gﬁgnémmntérw%ﬂ%et he
functional conponent is raised by the armof the apparatus, |owered |nto

the desire e LY, nces | be
useful if W@ggﬁ%e%ﬁﬁlgﬂ%%&nﬁﬁ% 03’?1% 4 ﬁ]tel? %ﬁl‘fglngér}?’ét (?Jeiaﬂﬁ rmof
the apparatus were also to rov& el ectri cal connect ion sufficient to
provi de poRkOViding @R LDHGAL Figha ofn g??ngg‘hé‘m@dlfr statpduen theyplatiosm: | Whep t he
functional conponent nmay be designed to interact with a chanber |ocated on
t he pl at f orequired)thierfun¢tional component/isdaisédbye tite drmt afithe apparstusowhredriato
possi bl e dependi ng on the desired use of the apparatus. Exanpl es include

that the Heddsiréd dhanterBAd epératddyasiRcs zﬁ?'gflﬂ@ucﬂﬂﬁbtaﬁ&%tlt iaytRrusepgift e as a
cutter to pierce any seals or nmenbranes that are present on any chanber of

t he appara

I ncl ugg as °“1‘5°“1°§é’ e@ﬁﬁ‘?‘%%@%@&%ﬁ OE%%S%é ?‘ h[ﬁé)‘/) gr?eeg@%}ag{??g’e%ut a

seal of acanber [ rising a fluid sa ethefl sa e does not get
Soaked i o SBBS BraHi FeeBRel cmge e Rient 1B previds Aewss Bnbe dhnctona .

component during use.

_ Alternatively the functional component may be designed to interact with a chamber
located on the platform. Again there are many different interactions which are
possible depending on the desired use of the apparatus. Examples include that the
functional component may be designed such that it can operate as a cutter to pierce
any seals or membranes that are present on any chamber of the apparatus. It is
preferred that any such cutters are designed to include a slit in the cutting means such
that if they are used to cut a seal of a chamber comprising a fluid sample the fluid
sample does not get sucked into the cutter itself and held there by surface tension.
Alternatively the functional component may be designed to comprise a filter which
can be lifted into place by the arm and fitted onto the top of a chamber as required.
Optionally it may be designed to comprise a lid that can be again fitted onto the top of
a chamber if required. Furthermore a given position on the platform can comprise
several such functional components stacked on top of each other in a given position

on the platform wherein each can be moved in turn by the arm of the apparatus.
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Al ternatively the functional conponent nmay be designed to conprise a filter
which can be lifted into place by the ann and fitted onto the top of a

chanber a | r Optionally it may be designed to conprise a lid that
can be agiY(ﬁl‘E@g{Ongﬁ onto the top of a chamber if requir BEV/GBIIUALRADr e a

gi ven position on the platformcan conprise several such functional
conponents stacked on top of each other in a given position on the platform

wherein each, can b ved in turn by the armof the apparatus. 16 WO
2005/0198%@;}-?@190@% nﬁ%"@%%‘@f’é@mpa?? MHHPL useddormene Plg‘%ﬁlth%awdﬁtﬁéﬁta may be
used to nove either the analyte or a reagent from one chanber on the

pl at f or m reaganiotdraone hbambst oprihe pletfptmtd arother charsber ondheplatformt Isomeh a
functi onal conponent is used in conjunction with a solid phase binding

agent sui tegibodinient shehndlifngotions] evdipanest Rrusk® ¥t eorjuRdtionewith @tkolidtphage conpl ex.
The solid phase binding agent and the analyte or chem cal reagent are placed

into con - W . .ha far e

functi onal %%%%é%@%&gg&f%ﬁaf#g\% %3@ Wg oggjgn%egﬁ aéf ggst]%gn&%t ?gglﬁggﬁt o the
arm of the, apparatus _and lowered.into the first, chanber, as described. The
conpl ex i g‘hﬁt%ﬁgd{h@ﬁe PB‘r&fr}geagqnﬁﬁE‘? iﬂg‘hé?é%r%cﬁhémc, tr??@e%ﬂ@tﬁml Mm% mponent
Is raised, the platformnoves such that a second chanmber is now positioned

under t he cantast whth feachc othen asuch otheb e nempleyveane e afodmedie Thephinstional eased

t hus nmoving the bound material fromone chanber to another. Since it is

necessary cofipohdrgt used €rirasdhg dengondden istthelbattrBedEtd he la@fIfahd Bsparstepl ex
fromthe first chanber, the nature of the functional conponent will depend

o, o TGk bt digobesr s SEILEY brbaedsggpe (he
chanber of 16 oPRRILSIME AL TulioR Uhuliiehils SHES LA pABLAS Soel Suli ot O

that a second chamber is now positioned under the arm, the functional component

lowered and the complex released thus moving the bound material from one chamber

to another. Since it is necessary for the functional component to be able to remove the

complex from the first chamber, the nature of the functional component will depend

on the binding material that has been used. Furthermore it is necessary that the

functional component is able to deposit the complex into a second chamber of the

apparatus and as such the interaction between the functional component and the

bound complex must necessarily be reversible. It is preferred that the functional

component is able to move the blndlng agent both when it is in a complex with the

analyte and also the binding agent alone. This has the result that not only can the

functional component be used to move the complex from one chamber to another, but

also has the advantage that it can add or remove the binding agent to or from any

given chamber if required.
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bound conpl ex nust necessarily be reversible. It is preferred that the
functional conponent is able to nove the binding agent both when it is in a

conpl ex V\n‘;va 21;’{%19[{59& yte and al so the binding agent alo GiYosydh3ssat he
result that not only can the functional conponent be use {o nove tﬂe

conpl ex frgm one chanmber..t.0 gnot.he ut .. also has the advanta af it can
add or re @f%\éﬁc‘t?ﬁhafﬂbé%@r@@@h%ﬁeh?%ﬂ& é??@emgﬁ W@X%@h"hsﬁ’aﬂo‘g&ei@ﬂ{n red.
17 WD 2005/ 019836, PCT/ GB2004/ 003363 A wide variety of different solid phase
bi ndi ng natlkeyase ablgdg bind the sareetavelytreg forme complsx. Juitahls hindipg maaterialh e

target analyte to forma conplex. Suitable binding materials can be readily
det er m ned chyberaddiideteadiried byhuneakilled mmitheialt andepidindbpend bh ¢heoamalyg¢ endand t he
protocol. Exanples include silica beads, salts, reagents containing antigens
capabl e of i ReltHEb1 AN ExRAPIes SinBfud P Wida BEHd8 Jsdts O t&igRSts2BshtdifiRe! The

bi nding of the analyte to0 the binding material  canm occur 1n nurber of
ways. The anal.yte.nay. be. adsorbe e surface aof..t bihdi,ng,.mat eri al ,
o nat | vergreie o Aing SyBEREE 8 DAL bhdne IR s ok g TaE RIHER B o
alternatively the analyte may be attracted to the binding material by

Coul onbi ¢ dhéanpbge te thecbinding\astrisl sapgecus He girtinbep 6h waysray he gealmtedpapet ween
the binding material and the analyte or alternatively the binding material
may conpri de ads@bétto thalsutfacedifithe bintling materddl) dtepdativelydis mgayt Yecabsprbed to C

anal yte in question. Any binding nmechanismis suitable for the present

i nvention it evieRebrtiabildies Mahdial GllemafiWly itd &IV iy BOGttidfR th.ﬁé t he

bi nding material is noved fromone chanber”to another ‘that the analyte

remai ns attached t bindi ng .nat eri al . 1.s preferred that the binding

of "the ana Pk PRA o CPRIHE ShlerS dtemaligh BREACHict Binds ey

reaction chanber the anal yte can be freed fromthe binding material for
develop between the binding material and the analyte or alternatively the binding

material may comprise biochemical binding sites capable of binding the specific
~ analyte in question. Any binding mechanism is sunitable for the present invention
provided that the binding is sufficiently strong such that the binding material is moved
from one chamber to another that the analyte remains attached to the binding material.
It is preferred that the binding of the analyte to the binding material is reversible such
that in the reaction chamber the analyte can be freed from the binding material for
further chemical or physical processing. Any suitable means can be used for
removing the analyte from the binding material including warming, dilution,
dissolving (solubilising) and the like. The binding material can optionally be present
in a chamber prior to the addition of the material in question, alternatively it can be
added to a chamber after the addition of the material, or furthermore in the case of a
reagent the reagent may be formulated such that it comprises the binding agent

already.
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further chem cal or physical processing. Any suitable neans can be used for
renovi ng the analyte fromthe binding material including warm ng, dilution,
di ssol vin Ll sing) and the |ike. The binding nat ey} jonal |y
be pr esen&éliﬁ]ls}é%gk%nber prior to the addition of the rran?)iGalﬁaeqlﬁﬁ%E&estion,
alternativgly |t can a { .ch .e. | L on the

mat eri al , lgrlg/f’ Urt her ﬂrrllérF(tél1 S ﬁ%ﬁﬁ{g %ggg&o%sreg%a%? ﬁ{]ﬁgﬁggdfég%t Sﬁ%@bl e
formul at ed sych at. it conprij.se he_bi ndi n ent | ready, 18 WO
2005/ 0195 3sett elkado Sanse SBERNRS bY Roshs, Proeg? Ber- 1A suphbisiyelEeds i al
conprises magnetic silica beads. Suitable beads include those supplied by
Roche, Pr ofleigthe fomrtionalapmmpontst #selfisi 2 magngtrte vdncle the béwds ardatifactad tor onal
conponent itself is a magnet to which the beads are attracted or

al ternat i vatendtiRally thht fadhnbbe Usadin Eorfi@itiion ¥itloR Mbddet do FAHREkhd Beaddi ch t he
beads attract. It is therefore preferred that the Tunctional conponent

conpri ses e | | i : . r

t T act i ngRiRa ot e ikt fke Bttt Baf e RhEHORF CopBER LTl el |

| ocated on th | atform,and. i s de gf a erial .such that whe he magnet
i s inside Wh’éﬁsfﬁ%‘él & ?%nats&ﬁiﬂ B?r&}g’\?ﬂ &eblgeg{s”?tfoaé%tmg ?ﬁ@mé’}?éa@ﬁ.t fn such
an enbodinent it is preferred that the apparatus conprise a nagnet

co- | ocat edcamplex itself.aPrefsrablh heaghsathais ecatedhon dhe phastormvandeis madeoof he sheat h
to apply a magnetic field and raised out of the sheath to renove the

magneti c f inatedial stoR tha Metednhthe Sndghetis plsiieettle slidath theoaipier will bé Garase@ar at us
conprising the bound conpl ex, he nmagnet is lowered into the sheath and the

conpl ex bi t e iR di Qf‘éFg@ taaar, ' The
pl atform n{é’\?@s‘a Sgﬁgéﬁ tlﬁragtﬁéggﬂew Cﬁ{f?ﬁg?f ?sﬁ al'i gg%%,thgﬁgps egtchﬂigﬁggﬁagnet
are then | %Ya\%gggoﬁlgc%téJ] Wi na%}n ofthe gp%%tatuvﬂﬁgt ctapl%e lowered into the sheath to

apply a magnetic field and raised out of the sheath to remove the magnetic field. The

~ sheath is then placed into a chamber of the apparatus comprising the bound complex,
The magnet is lowered into the sheath and the complex binds to the sheath. The
sheath and magnet are then raised. The platform moves such that a new chamber is
aligned, the sheath and magnet are then lowered and the magnet removed. When the
magnet is removed the complex will fall away from the sheath into the second
chamber. Small movements of the sheath up and down by the arm will ensure that no
complex remains bound to the sheath and will also act to mix the complex with any
reagents or solutions in the new chamber. Alternatively the analyte can be eluted
from the beads by any suitable means. If the apparatus is designed to comprise such
an embodiment it is necessary that the magnet and the arm are designed to interact
with each other without affecting the operation of the other such that the sheath can be
independently raised and lowered with or without the magnet in place. This operation
can be repeated to remove either the complex or the beads themselves during the

protocol.
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magnet is renoved the complex will fall away fromthe sheath into the second
chanber. Small novenents of the sheath up and down by the armw || ensure

t hat no ins bound to the sheath and will al 1 X the
conpl ex wg?ﬁag(%@ﬂ@gggents or solutions in the new chanbz’r%ﬁ%%oé‘gor?g%‘s?vel y
the anal yte can be eluted fromthe beads by any suitable neans. If the
apparatus is designed to conprise such an enbodinent it is necessary that

the magnety aNflefeftd HalHRY Hpdfitisis Aesifed SULE Ktk bne bt iloré a6ipGieffiiofwhd hout
affecting therwgperation o@the ot herys’btjlch t hat the sheath can be

i ndepende [ ed. wi 4t 1 1B i.A..pl . This
oper at i On%&)bérgﬁ%gﬁx?@g?%&g%@% netr?,\g”\})gﬁgo?{nhééfrd lia%g%%%ﬁrrg ex (r)bﬁb?llr?glsbe’%gsg

t hensel ves _during.th protocol.,. 19 2005/ 019836 PCT/ GB2004/ 003363 It is
pref er r ed AQ%E f?l}ﬁé‘a%‘gﬁﬁrtag’ﬁ geqdélyagglpéﬁgggwqgﬁg? OpFratin Ofg’gP arREHBdnent s of
the apparatus can be detached fromthe platformand removed fromthe

appar at us.ortiefere onlaftemuset oForc¢xampde o fluid sample xonidybe wemhctelydoadedhsto aluri ng
the operation of the apparatus or before or after use. For exanple a fluid

sanpl e coWathphe chanbdreind g d@iplentivangber St | [6adet ainbe rthé platfdie) saMRe €
chanber then | oaded into the platformof the apparatus of the present

I nventi on. ernat | l; .ng t | . I4_ may be
userul i1 EREefid) el MBS, RARAREITMIAARL hd hroSBlE Bf the c
readily renmoved, fromthe ratus . of the present invention further

mani pui at | GAP ltlv&y?eétsssﬁligfotﬁ? fipplehpben CoPRFIEE firgiacesesd ane % ¢a8 Pe ray be
useful if one or nore- conponents of the apparatus can be alternated
dependi ng meadityhreenmyved ififont thesappafatushef the ppesest: iy entienr fugthemmiaripulationfor t he
chanbers may conprise a pre-di spensed reagent, the specific required
reagent defeeeising ofntht hBateAslt elpéwiteeUrSimilarlylue siadyobe ubéfub UCHnedor more

components of the apparatus can be alternated depending on the specific use of the
apparatus. For example one of the chambers may comprise a pre-dispensed reagent,
the specific required reagent depending on the test procedure in question. If such a
chamber can be readily exchanged the user could chose the required chamber and load
it into the apparatus prior to use. If the platform comprises such exchangeable
chambers it is preferred that the apparatus comprises a locking means for securing the
chamber in position during use such that the chambers do not move during the
movement of the platform. Furthermore it is useful if such exchangeable chambers
are colour coded or marked with a bar code and the likg such that the user can identify
which chamber is required for which use. The apparatus can optionally comprise a
bar code or similar reader the apparatus itself can identify the chamber being used and
use this information to select one of several pre-programmed sample processing

cycles.
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chanber can be readily exchanged the user could chose the required chanber
and load it into the apparatus prior to use. If the platform conprises such

exchangeaw(?mo%@%‘&)(’ers it is preferred that the apparat 'uﬁcrf;leﬁ%d‘%g%@hat the

| ocki ng nmeans r"Securing the chanmber in position during use su

chambers dpishido prefered UhittBe bfifratiPVEdREne® sudthBalths Witdldplatfofh bai pore it is
useful if such exchangeabl e chanbers are colour coded or marked with a bar

code and t ' . r pdend i f |.C .S required
for which %‘2‘8%‘#%‘? g%%él&g%l%&ﬁn@gﬁl@ﬁ’gﬁ% %%eﬁp#‘ys%v il E%éélg%%{ees%ﬁg simlar
reader the apparatus itsel({ cgen J (iientilfy .the cha er being used and, use
this inforiaNMsR 1 Wsleaqd Rotenyially soptaminaied plg AR PE AFBPEeds et essi ng
cycles. 20 WD 2005/ 019836 PCT/ GB2004/ 003363 It is also preferred that the
appar at us 1epladeskiogalbav vsroof theaappatatusiih @l fartheraprocedwre aff the appanatnsds sand
readily replaced. This allows that after any given sanple processing

sequence tdwigas@il iprtiaeddehbi tat blatfoancairbe adadily ahasécardly edvinked inRyed and
replaced to allow use of the apparatus in a further procedure. If the

appar at us | | | fnel : f can be readily
and secure aﬁr?%nfgggésgﬁf? §S% f?ébﬁaalﬁ 1%&%@8?%%%3@@%@@%&%%2 exanpl e using a
twst fit wwth a sinple |lock. The apparatus of the present invention my

al so conprise optionally conprise one or nore further chanbers. Dependi ng
on the use of the apparatus these further chanbers nmay have several roles.
An exanpl eThsf appatatussofcthe ppesentiipvendion medyialso emaprine aptippallyc¢nanrésednconpri si ng
a buffer solution or water which are required in the sanple processing
protocol fmbredfutthién dhgmbersnadpending be tigeausg lof tiey apphitatisihése \fattherfchamp@shi ng a
functional conponent either before or after use to prevent contam nation

passing fram have several roles. An example of such a chamber would include one or more

chambers comprising a buffer solution or water which are required in the sample
processing protocol for diluting or washing the sample or alternatively for washing a
functional component either before or after use to prevent contamination passing from
one sample to another or one chamber to another. Alternatively the apparatus may
comprise a chamber comprising any specific reagents required in for the pre-
determined sample processing, for example a cell lysis agent such as chaotrophic
salts. Such chambers can be pre-filled with the required solutions or reagents during
manufacture to prevent user error, to minimise equipment required in the field, to
prevent sample contamination and to minimise risk to the user from hazardous
materials. The number of chambers required and the reagents required will be
dependent upon the chosen pre-determined sample processing protocol. These
chambers can be used in the protocol by moving the analyte from one chamber to
another as described. Alternatively the reagents can be moved from one chamber to
another again as described. If both analyte and reagents are to be moved during a

given protocol it is preferred that the binding complex is the same in each case such
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one sanple to another or one chanber to another. Alternatively the apparatus
may conprise a chanber conprising any specific reagents required in for the

pre- det ekyidh hfdofR5P! € processing, for exanple a cell |Yype$:cRIGloossn as
chaotrophic salts. Such chanbers can be pre-filled with the required

sol utions tRit 4 SAgle Futctiduhl dtnpoNBRtE 26duited tb hdVeINE Riatethly. OpfidallyltBe M ni m se
equi pnent required in the field, to prevent sanple contamnatioh and to

m ni mse rj ] S e r rLa hanmber s
required a gﬁ’ta% c&ﬁ@gﬁeén s é‘g dﬂéﬁgﬁ&vﬂ%ﬁl& g@d@%ﬁ%ﬁ%@%%ﬂﬂ%gﬁ&%@&éﬁg@én
pre-deternjned sanpl e processin rotocql. These chanbers can be used in

t he prot 0423'5163(3t)9n ?r?b‘PeF ﬁHﬂ;‘Pf‘aP ?(%‘“W‘BH&O‘??&“H%&%‘& Q{egnatg/ﬁg{ } ogg or
described. Alternatively the reagents can be noved from one chanber to

anot her aga¢ne raggentssarei ¢ dried wpichtheraitside ofiaduitellg amnovahle attachmentroved
during a given protocol it is preferred that the binding conplex is the
sane in eaghick 288 teU@Bved by Wat F0Ai08d19pdient. GAR0A®hOBE Iedzentsedn Be Si ngl e

functional conponent is required to nove the materials. Optionally the
appar at us ; e S u S.d rl

pr ef er abl yxﬁ?lg'%%gg% r?%%?ggﬂft%o %ﬁ%ég%gt r?%c(éF fﬂéggﬁ o?lﬁ%ﬂg ﬁér%cfc%ng%ogﬁehtggﬁponent
or alternatively that one or re reagents are freeze dried onto .the

out oi de. of AT (PHEYEDIS ARRARSE DEinG LOHHEM It i A EFIbes A e PR eing
functional conponent. As such the reagents can be introduced into the
sanpl e pr colubdlised femtthe outside ofhtherfunetianghadmponepbndibe switableuematbibde
renovabl e attachnment being | owered into a chanber and the reagents being

sol ubi | i segtathmenttdag tefos iedemple sifiplyfdiplattiobady withRomeral tip Widcls did 86! e
renmovabl e attachnment can be for exanple sinply a plastic body with a netal

tip which ﬁéfledbg% #gg‘éﬁ‘da Raghifc AlncBolRWBftpbhert WA {o°Rfch GRIRARER, 80d O

whi ch reagents

freeze dried on the outer surface. Such a functional component or suitable removable
attachment can be batch prepared and it overcomes the problem of release of small
magnetic beads which is sometimes hindered due to the surface tension created. A
further enhancement is that the reagents may be freeze dried at different heights on
the functional component or sheath such that each may be solubilised in turn by
progressive lowering of the freeze dried material into the desired chamber. This
allows for different reagents to be solubilised in turn or alternatively different
amounts of a given agent to be solubilised in turn such that it can effectively be added
to a reaction mixture over time. This again further enhances the flexibility of the

design of an apparatus according to the present invention for any given protocol.

Optionally the apparatus may therefore comprise several different populations of solid
phase binding complex wherein one or more different reagents and or analyte is
bound to each population. It is useful if such different populations, whilst maintaining

essentially the same characteristics in the solid phase binding material, comprise small
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freeze dried on the outer surface. Such a functional conponent or suitable
renovable attachment can be batch prepared and it overcones the problem of

rel ease of wgyBbdpie8589neti c beads which is sonetines hindgy, celch%4,6({33é3he
surface tension created. A further enhancenent is that the reagen

freeze dri agffedéncés {d Al for'tBady Nepar@iion dfiRe biffeednt 88 lafFSHED Hof e& ath

such that each may be solubili'sed in tamby pro ssive ovver t he

freeze dri an i fferent
reagents t Q% tgl“{l seeg '%ﬁﬁ 1ﬁ$§ag@§ﬂa§£§§ﬁé§ ag élgofloﬁs@?aé {on %fcr?gﬁsfﬁs of a
i ven agent .Lo be solubilised ip t uch that (it can effectively be added

'? 0 a regct |“6&1 $HoRger aghstic PropRstie '@fﬁﬁl‘ﬂﬂ? Yeakse properiss deam each gﬂléfm bility

of the design of an apparatus according to the present invention for any

gi ven pr ot asing the ame Himational compomapé ard apparadys désegretuisimplyrbyr vasying ¢heer al
di fferent popul ations of solid phase binding conplex wherein ,one or nore

di fferent kRagENLS twﬁla@ﬁetwabmt@phsd batenshtivelyeme hoparEbad hﬁ@ diffbr iS usef ul

i f such different popul ations, I st maintaini'ng “essenti al t he sane
characteri 22 WO
2005/ 019832}5%%%}2%385135@30%3%%?%?%%% GerilE, @Jﬁ?ﬁg%ggya §§R§! %ion of
the different.. po | r _exa ons may defer In their
magnetic p qﬁ)’ﬁé%ﬁtleﬁéﬁ Hg&%‘% ccg:é qulaotﬂ S§?£' gé rem EWWE%W%gnet ic
properties fromthose wth weaker properties fromeach other wusing the sane

functi onal agoAppera&ing aceerdig de athes presentginvintionsi nhis Hyrthesr gihagedsh éhe

strength of the magnetic field applied. Alternatively the populations nmay

differ in pobgbilitied o€, thel phratus & anigefor fetfofminges Givel effplei HSparftion
properties when a vortex is applied such that each of these could be used

to separatediffierent populations within an apparatus according to the
present invention. This further enhances the

Suitable reagents that may be used in one or more chambers of the apparatus include
buffer solution selected from the group consisting of an aqueous solution of potassium
acetate and Tris.hydrochloride, or an aqueous alcoholic solution of potassium acetate
and Tris.hydrochloride or an organic solvent or mixtures thereof; a lysis reagent such
as chaotrophic salts; a reagent comprising one or more nucleic acid amplification
reagents, more preferably a reagent selected from the group consisting of nucleic acid
primers, nucleic acid probes, fluorescing dyes, enzyme buffers, nucleotides,

magnesium salts, bovine serum albium, antibodies, and denaturants.

Suitable chambers for use in the present invention may include those that comprise
several different areas, separated by a membrane and integrated into a single unit for
ease of selection by the user. For example the sample chamber may also be integrated
with a second chamber containing the necessary reagents for a given protocol.

Alternatively a chamber may comprise two areas separated by a membrane which can
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possibilities of the apparatus as unit for perform ng a given sanple
preparation protocol. Suitable reagents that nay be used in one or nore
chanbers ratus include buffer solution sel ectap d fromthe group
consi sti néxlgfzg(gsﬁ(ﬁg%geous sol ution of potassium acetate %&/(&2004/003363

11 S hydr ogblipibde. s AoRLUCRIR ARAGILE $RF' ¢ 440, OF BE'ASLI fecT 20 S

e or an organi ven m Xture | ySI S

r eagent such as ch otro c,salts reagent c risi one nore nucl eic
acid anpli g‘r?fismen%‘f"@nﬁ]r g BICHSSE E&é@@ﬁ f’s%‘f"@@&éﬁ’aﬂngmthe

gr oup con5|st|ng of nucleic acid prinmers, nucleic acid probes, fluorescing
dyes, enzyfhsniaseeandynanipulation step &0 oconniprassicond arad-t s, bovi ne serum al bi um
anti bodi es, and denaturants. Suitable chanbers for use in the present

i nvention may include those that conprise several different areas,
separated by a nenbrane and integrated into a single unit for ease of

sel ection ﬁéﬂ% ép‘% Lot egrat ed
with a Sec?ﬁx&h&lﬁxoﬁi@ée 8%? (fﬁgﬁl ng t g?ﬁ]ei%gﬁaa@;‘}{ri age b Sl%hgfa&gleth&
protocol. Alter nat Y, CO e reas, .separa

menbr ane wiHHOR &30 b9 ?’%@?@B’S&g’é %"i‘*fr}%‘g g&?ﬁ?@%‘%ﬁ%a’f@ ayows Th| s
allows a first manlpulatlon step to occur in the first area, the rrenbrane

to be pi er cegtired heshamber ¢aa beyapelpnisely sxrwigd e Hheeapparaguss Qptienally % and

then a second mani pul ation step to occur in a second area. Furthernore one

or nore chaliria miy bddesigndr tothave aBycess Siwhtthatceyi dhagbes tiefoviet dom tHeey t 0o
can be renoveably attached to the arm of the apparatus. This allows that if

required a Rer I t
oot onal | y PERREE a?‘?‘ﬂlr erdl AR e O Rl i o oL Bl T can 1y
chamber ! &ddliercay 1nterface with a further apparatus or be removed from the apparatus

manually by the user.

It is preferred that any chambers for use in the apparatus, especially those comprising
pre-dispensed reagents, are sealed at the point of manufacture to prevent
contamination or degradation of the materials prior to use. If a chamber comprises
one or more different chambers separated by a membrane it is preferred that each is
sealed separately so that they can be opened individually. A preferred means for
sealing such chambers is by use of a metal seal, preferably a laminated metal seal.
Alternatively the sample chamber may comprise a lid which is sealed such that after
collection of the sample in the field the lid may be closed to prevent contamination
prior to insertion of the sample chamber into the apparatus. It is preferred that such a
seal is recessed into the lid of the apparatus so that when the lid is closed, the thumb
or finger of the user does not come into contact with the seal while the lid is being
closed. This prevents contamination from the user inadvertently contaminating the

sample that could then lead to a false test result. This is particularly important where
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pl atform can be | owered, by neans of the arm through the recess such that
it can either directly interface with a further apparatus or be renoved

fromthe @6’(?260%}0%36 manual |y by the user. It is pref erreg Ir}g'q;zo(ﬁmyﬁglanbers
n the a &!

for use i ppar atus, especially those conprising pr I'Spense

reagents, ,are seal ed.,at. the point .of nuf acture t revent . contam nation

or degr adafﬁ? o ast%élgﬁg@gryzg}egy Bf is‘btpgﬁ?')%{??bql efetgcigﬁwgrorctgwﬁ@@ one or
nmore different chanbers separated by a nenbrane it is preferred that each is
seal ed sepavelvebiolegical nmtema:letbatccawl%be Dreserd on; thel iSkdIldlfégﬁ yiserA Quchfaelid ed neans
for sealing such chanbers is by use of a netal seal, preferably a | am nated
nmet al seal could@hdve tinadealrecgssed fomathp bide ofi thetiidr wiiely camegints éomadt imdthihe ch i s

seal ed such that after collection of the sanple in the field the lid my be

closed to pELYSIk ROBHATHERLICRRed PPIErabl the 861 id RBeREd Kk ﬁ&m!icges Glpamber

into the apparatus. It is preferred that "such a seal Is recessed into the

lid of the,apparatus.so th wh the lid |,s closed e .t hunmb r. finger of
t he user (ﬂ}g@i r%fah @H@el éﬁ@ﬁ&%eg ,ﬂ%ggw tt%ﬂf H’g lgsgra?ccmpfailytq?zorﬁoa diougn%ei ng

cl osed. Thi s prevents contam nation fromthe user .inadvertently

cont ani natélpgre pkthe didahssuchdhis dayention plse relatgsiia plid, suipble fordosuresfint . Thi s
Is particularly inportant where 24 WD 2005/019836 PCT/ GB2004/ 003363 the
user has cwdstelctaid lid comnprising efmembrahe and rcharactefidedr mnthat teatemibganerist he
sanpl es involve biological material that could be present on the skin of

the user. SEgRePwithfh thetdl dARAYALISHE HRa béﬁﬁﬁﬁé&gyftﬁé;@ér%r PﬁGﬁOQIset he lid

whi ch conmes into contact with the wuser whilst the lid’is belng closed.

Ceal does oS s *AHERENEY A ABeRieRl &Ry Tea b Gl Y Rl ocur e

of the lid. As sucﬂ this invention also relates to.a J]id, suitable for
cl osure ofongrate mechanically to pierce any seals as required as described set out above.

‘Qne or more of the chambers of the apparatus may optionally comprise a trapping
member. Suitable trapping members include a microfluidic chip, a solid phase
material, a filter, a filter stack, an affinity matrix, a magnetic separation matrix, a size
exclusion column, a capillary tube and mixtures thereof. These can be used to filter a
sample when it is initially introduced into the apparatus or alternatively to provide a

filtration step during the sample processing protocol if required.

As already set out the processing of the sample may include physical processing steps.
Such steps can include thermal, acoustic, optical, sonicating, electrical processing,
sensing or monitoring techniques and the like. Such physical processing steps can be
delivered m a number of different ways. As set out above these may be delivered to
the sample within a chamber using a functional component which has been.stored on
the platform and moved by the arm of the apparatus as described. Preferably the

apparatus may comprise one or more physical processing means which are positioned
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vessel, said lid conprising a nenbrane and characterised in that the
menbrane is recessed within the |id. Any seals can either be renoved by the

operator gyo dosiopssge of the chamber. Alternatively thepepeahaddhsssesn
conprise a cutter which is able to operate nechanically to pierce any seals

as requir egfg ﬂ@f@?h{%ﬁﬁ BdveOltle FRRME &rhen%n&" i?mfé.fr thNfheC $the Of the

appar atus may opti y conprise a trapping rre SUI tabl e trappl ng

menbers include a gigcrofl uidic ri | ter,

(Tl ber st 2R B et el aceligid sbf &%iﬁaf i BflBpeed tnlep o
exclusion column, a capillary tube and m xtures thereof. These can be used
to filter givels alha@l@rmatefltdmgﬂy rensath (the means, Asceauirest and teenarsmovad us or
alternatively to provide a filtration step during the sanple processing
pr ot ocol ifromeheichanberAshal ne dehges eequirad. Simcepthe péatfirmgofvthetdpparnannke may
I ncl ude physical processing steps. Such steps can include thermal,

acoustic, 4 t&ﬁbve,ﬁ?@é&é‘[&é &Qwe% %Elﬁbﬁﬁh BIveR RR&mb& with ?éb@b&&o%hcﬂrﬁn' toring
technlques and the like. Such physical procCessing steps can be delivered in

a nunber of differ ivered to the
sanple w tl?hyg“’a‘ %rﬁg%lg\ﬁ%uéqnﬁ%ﬁlﬁhﬂmg%Bfﬂgtggﬁglﬁlgﬂggva{%gﬁ{lﬁgg BEBRE st or ed
on the pﬁt%g{ma@%d m)ve((tl) bgﬁéggﬁg{)&o{yﬁt@he ap ?r%sﬁgﬁ%rhbe&l

Pr ef er abl yghgne aFm g COFRGH 1§FPSEb @ ongr Pe¥EAing neans
whi ch are positioned 25 WO 20%5}&&%%2 PCT/ G82004<‘§)03363 within the

appar at us mrbcessinghaeaph itrequiradi such mednsrinelode, bet aemoblimiteé to,
apparatus. Such neans are ideally designed such that they can be | owered

into a gimeshsIBARRRMg thOEaitetts 8 & eRdrhberbe AR ahd ok REniBRMZShe B6nteMYFhaed and
t hen renoved fromthe chanber when no |onger required. Since the platform

Of e 2DPALAS 1 Socdll!(G: ity & of g % LRaS] W B Nor' Vo

chanmber wi 0 "'sucC

detecting an optical signal from a chamber, a means for introducing an electrical
signal into a chamber and the like. It is preferred that the apparatus comprise one or
more of the following a means for heating or a means for sonicating the contents of
the chamber. These .are particularly useful when the apparatus is used for processing

a sample comprising biological material prior to amplification.

Alternatively a given chamber of the apparatus may be modified such that any
material it contains can undergo the physical processing either directly in the
apparatus, or when the apparatus is modified to include the required additional
components or if the chamber is designed to be used in conjunction with a further
piece of apparatus. For example if the sample needs to be heated during processing
the walls of the chamber may comprise heating elements which allow their contents to
be warmed, or alternatively they may be coated with an electrically conducting
polymer such as that disclosed in W098/24548 such that the chamber can be heated

by applying an electrical current, Furthermore the walls of one or more chambers
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physi cal processing neans. Optionally the apparatus conprises a nmeans for
ensuring that the platformis correctly positioned with respect to these
addi ti ona l cal processing nmeans if required. Exanples of such neans
i ncl ude, Mp@?)gﬁ'ﬁ?ﬁ limted to, means for heating the BOHCEBAI/0MI363

chanber, a neang f.or soni cating.the contents of .a . chanber means for
i nt roduci nlaa%ﬁe gﬁ’flgiﬁaﬁo a@#og’vn%qou%;ﬁ R OLeSREn At nﬁ‘é]éfﬁge)f Bl,ay’bagqa@g{qr% an
optical signal froma chanber, a neans for introducing an electrical signal

into a chalfbere Mdmore wavelengths of lightfter pllew pptical ruyoegspingatsersingrapr i se one
or nore of the following a neans for heating or a means for sonicating the

cont ent s omonitdringc Hsbelr phykivab prosesingads réquirked theyappaeftuy shonghbd Besigepar at us
is used for processing a sanple conprising biological material prior to

anpl i fi catygn- thé¥ HR' BRI ¥ Fosfioned BhARLEne erilien 9&%&@&&%&’%?@3'

nodi fied such that any material it contai’ns can undergo the p

processi ng_eith hrectly in the. apgaratus, or when the apparatus is

modi fi ed ?rc?qﬁuﬁec‘ffPJg‘hﬂPg‘yF%abf’]‘r°8€“5‘§di s e a B%%‘ﬁéﬁt“é“gp PIOGRING Aarber | s
designed to be used in conjunction with a further  piece of apparatus. For
exanpl e i fSample eupprising biodegieal npaterial priettojaAvieic seidcamplificgtion Fractien its of t he
chanber may conprise heating el enents which allow their contents to be

war med, orisgreferraditthat elng dffthy chapbédre i< bathamatedt witlaan eleetidallg aohguatippduct i ng
pol ynmer such as that disclosed in W98/24548 such that the chanber can be

heat ed  bypQpRkY hild) had a ArAisharkfowindel &idh thiTUhs"QLaMYeE chi Be WRbd ForOfheOne OF
nore chanbers 26 WO 2005/ 019836 PCT/ GB2004/ 003363 nmay be flexible to all ow

acoustic processin gr..alternati.ve t hey,. . be transparent to one or
mor e ‘wavel & ﬁténgo%dlrle Hme 81031‘%?%% J&%tPF @%hﬁ%é’@s%%"ﬁ‘a{l sensi ng or
nonitoring. |If such physical processing is required the apparatus should be
desi gned

If the apparatus comprises a chamber in which a material is to be heated or cooled it is
preferred that the chamber has a high surface area to volume ratio such that rapid heat
exchange can occur. One example of such a chamber is a capillary tube. These are
ideal for the rapid heating or cooling of small volumes of fluid samples. However,
due to the surface tension of a fluid sample it can be difficult to load the fluid sample
into a capillary tube. It is therefore optionally preferred that the platform can be
rapidly rotated so that the fluid sample can be introduced into the capillary tube by
centrifugal force. This provides a further advantage of having an essentially circular
platform. If the apparatus is used in this way it is preferred that all chambers
containing fluid are designed with a recess such that any fluid within such chambers is
not released during the rotation of the platform. It is additionally preferred that one or
more of the chambers is mounted on the platform using a pivot such that it can swing
freely whilst the platform is rotating such that the fluid can be driven into the capillary

tube.
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such that the chanber is positioned for easy and efficient access to any
nmeans required for the physical processing. Wien the apparatus is used to

processi NGy 2065 P3¢ conpri si ng bi ol ogi cal material priopdfgeiMsbsRizC acid
anplification reaction it is preferred that one of the chanbers is both

coated wt | ectrical cgnduct i | a has a_transparent w ndow
such that 1ot Sich o6 oty Uil ol ViFiinRVentER e PENRARY e

moni toring, of the anplification reaction. |f the apparatus conprises a
chanber i ndsHiEned tucomprsg afuncional compareat.dacluding aghysicakprpeessigg saeans.ed t hat
t he chanber has a high surface area to volune ratio such that rapid heat
exchange cwhicbdseither Cited ex theplatfarin andowhish cimibmoveédtosopeegie il thegamiplee. These
are ideal for the rapid heating or cooling of small volunmes of fluid

sanpl es. Wg byHuse 0@ thd @b Ur ARGRati NP itoMap fcotphist iphysidaPp@céskingan be
o |l oa

difficult the fluid sanple into a capillary tubé. It is therefore

opLy 1l il GBS A Ll LG 0 v SRS e

fluid sanpl'e can be I'n . capiI'Tary y cen al
force. This provides a fuyrther advantage of haying ap essentjally circular
platform aﬁﬁg%‘?"é‘ie dnfogthg fr g"n?“g %yﬁ B RrggﬁFéf@?tr eSct |ERNS g |
chanbers containing fluid are designed with a recess such that any fluid

wi t hi n sucihichanbexpensive andtrequitequosiesd talopératg ardlocated peimanenfly twithipthet f or m

It is additionally preferred that one or nore of the chanbers is nounted on

the pl at f Osgpattthdsbove mhé/ﬁlatféﬁﬁ,hfo} lRRAmpIL aGACuNS Tor Kkatih a@bmpvdp angdané g
platformis rotating such that the fluid can be driven into the capillary

t ube. 27 V\Q”g 13%3)@ PCT 4 AS: ove, the
appar at us 0 %h%gé%r €S _n? a@l—\;_en |%n&gn3§%%§% ?%F%&%@%@?ﬁ%ﬁg%@c&(ﬁpri se a
functi onal the 5 p%?aetlrllzaI ’thelsgclln#agtllsn Shoull htXeSIC egrlledpr O&%srﬁét{]\%lyn%ﬁg sp’latform may

comprise chambers comprising cleaning reagents into which the means can be
lowered after use and this washing can be integrated into the automated operafion of
the apparatus. Similarly it is preferred that those functional éomponents which can be
readily designed to be disposable are located on the pla;tform and are moved with the
arm of the apparatus. As such, at the end of the operation of the apparatus, the entire
platform including its constituent components can be removed from the apparatus and
disposed off. This minimises sample contamination. Examples of such components
include cutters, sheath for movement of a bound analyte binding material complex,

filters, lids and the like.

The apparatus may optionally be inteéated with further means for manipulation of
the analyte in question or monitoring the analyte. For example the apparatus may
comprise an optical system capable of detecting one or more materials in the reaction
chamber. If the apparatus comprises an optical detector, or is to be used in

conjunction with an optical detector, it is preferred that the optical detector can be
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which is either cited on the platformand which can be noved to operate in
the sanple processing by use of the arm Alternatively it nmay conprise
physi cal wocessmissgs neans | ocat ed above the pl atform whpctyGB2ov4/003363 act
with a given chanber by being nechanically |lowered into the chanber as set
out. It islightefealedetd ehsmire tthats thendetastionwbdrc prageed exitheus i mterfermhce efipmr e power
to operate are located pernmanently within the apparatus above the platform
for exanpl mcilefiEigghs. for heating a sanple, a nmeans for sonicating a sanple
and the like. To prevent sanple contam nati on between use of the apparatus
t hese neans should be cleaned. Alternatively the platformmy conprise
chanbers conprising cleaning reagents into which the neans can be | owered
after use d thi shi ng.can be . inteqgr din t he gqut omat ed operation of
t he appar a?ﬁgap;gfﬁqu%ﬁmpaﬂ@aygaapng gﬁ‘ﬁ‘c‘ w‘:‘%]@%ségnlsuﬁ’@f’%ﬁ’élss WfFBnent s
whi ch can be readily designed to be dispgsable are |ocated on the platform
and are nobednagetof mpey different matmialspdepending onathesspehificanse: hdn endbrdd t he
operation of the apparatus, the entire platformincluding its constituent

conponent snigimisecthe eostvefither appuiahe mdnrareaburs thardt islechnoschll9f Fabld W is
m nim ses sanple contam nation. Exanples of such conponents include

cutters, s %@é&bf %%Efﬁ f (aTNIR A I I fdl O | | ex,
filters, Ifds ar‘lidH{aﬁer{H?/i e. B%]ﬁea%p%ar at u@&m%aﬁp?i%gﬁ%g%gai %‘?cgg%gtqu W th
further negns far mani pul ation of _th nal yte in question o nitoring the
anal yte. F%@?&ﬁﬂ%@%@iﬁ%%ﬁ@erﬂgy&&y r P BO r‘i?ﬁi?”&aﬂ’og'ﬁg"ggﬁlﬁt%apabl e
of detecting one or nore materials in the reaction chanber. If the

appar at us @enyhe.i nyden embwpdiceebtytraecopelymener mixtvrgs Baereafe dlhenapperstijsiarct i on
with an optical detector, it is preferred that the optical detector can be
28 WO 200549 tOBpEnenChartsBRMlbY P4a3pHant or translucent or opaque. Advantageously any

chambers can also be colour coded to help direct the unskilled user as to the correct

use of the apparatus.

It is preferred that the apparatus is portabie such that it can be used in the field. As
such it should be light weight, be of a simple design, require the minimum power and
should ideally be designed to be used in extremes of temperature. It is preferred that
the apparatus be designed to operate effectively in a temperature range of from about

—30°C to about +50°C.

It is also preferred that the operation of the apparatus is fully automated. This has
several advantages including ease of use and reduced user error. In order to automate
the apparatus if is likely that it will need to interface with an internal or external
computer or other suitable control means that >has been suitably programmed.
Optionally the control means can be chosen such that it can be programmed with

more than one protocol and the user can chose the desired protocol from a suitable
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i ght sealed to ensure that the detection can proceed w thout interference
from incident light. The apparatus itself can have a wi de variety of

di fferent \dgsj 9g3oNapes, sizes and can be made of man
materi al s d@%e(%gﬁnfon the specific use. In order to mﬁlc(rigésﬁeﬁ%ﬁiggsggst of

the appar iﬂ“ﬁ) altdrRics N iteh ? @P&BH%H? béaﬁﬁﬂgﬁﬂgfgﬁ r¥feﬁ{3@lﬂjja‘? it %}or%@‘isgpﬁe‘c erred

that the ers are nmanu ure roma C terial suc

t her nopl ast | ter| f or exanpl e e Iene or en

pol ycar bon%ﬁ‘“gr “beé‘Pi/?‘? PIOFATYHITG, 2 ?‘E’éj& é egglb%ﬁ*e?ﬁ‘é{r %?mﬁi%ftur es
thereof. The apparatus or _its conponent parts can be transparent_or

t rans| ucensample shamber andialser fyceantio} of pticsh Prstarably he seguense ofotheur coded
to help direct the unskilled user as to the correct wuse ofthe apparatus. It
i s pref err agoinbiidn isliesigpgabtoahintmise theairhetdqairsdifds prdwatbsing a sanplee used in the
field. As such it should be light weight, be of a sinple design, require
the m ni nrum povver and should ideally be designed to be used in extrenes of
t enper at ur e. is preferred that the apparat us be designed to operate

STEﬁ%?Z?LﬁP@&%&Wﬁ B splshubMaRCiR: oREsRRRta cut il Bt 0 i &

has several advantages |nclud|ng ease of use and reduced user error. In
order to abteoipigral Eﬁﬁbratus it islikely that it will need to interface
with an internal or external conputer or other suitable control neans that
has been suitably progranmed. Optionally the control neans can be chosen
such that it can be programmed with nore than one protocol and the user can

chose the agal [9EnRIMOLRE VeldtdsOtd e bd 3! & agfard®s 2000RLO83the present
PCT/ GB2004/ 003363

invention for the processing of a sample prior to a nucleic acid amplification reaction.

According to a further aspect, this invention relates to a method of processing a fluid
sample wherein the method comprises:
@) placing a sample comprising an analyte into a first chamber located on a
platform of an apparatus;
(i)  binding the analyte to a binding material to form an analyte - binding
material complex;
(ili) lowering a means for reversibly attracting said complex into said first
chamber and allowing the complex to be attracted to said means;
(iv)  raising said means from the first chamber;
(v)  moving said platform such that a second chamber is now aligned with the
means for reversibly attracting said complex;
(vi)  lowering said means for reversibly attracting said complex into the second

chamber and allowing the complex to detract from said means;
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optional interface. If the apparatus is so automated it is preferred that it
conprises a control neans for progranm ng and control of for exanple the

thermal cyghhio9dsss Sampl e chanber and al so for control of tics.
Preferably tﬁe {sec?ugnce of the automation is designed tg‘cﬁzﬂ‘?@“&‘%ﬁe tinme

required f [ m i : L [ Aacilitate
prgcessi né:ﬁ%r]g &gﬁ%@ﬁlﬁéﬁ'&géﬁ% e aggsosrl@rgr%g ttggg’th %?élpg%fegér ngﬁg egﬁ%{’ﬁg%‘%. Thi s
i nvention %I%g?éﬁé%&gﬁgi%ehg&o&e bgf an apparatus according to the present

i nvention hrnple prior to a nucleic acid
anplification reaction. According to a further aspect, this invention
relates to a nethod of processing a fluid sanple wherein the nethod
conprises: (i) placing a sanple conprising an analyte into a first chanber
| ocat ed ot i3 preferaed thatnhefphasicalppedessing step is 9 sonication gtep loe aherphiyiety that a
binding material to forman analyte - binding material conplex; (iii)

| overing g i??'h%a&‘ig sfeﬁ.veF&&ﬁudﬁo?é ﬁtr%gﬁrﬁﬁ&e&%ﬂ ﬁlgrméﬁzs%imoa@aﬁ?at&g rst
chanber and allowng the conplex to attracted to said neans; (1v) raising
said neans_fromthe first. chanber: moving sai d.pl.atf.ormsu t hat a
second ch%@?@?ﬁ%&oa eﬁlﬁﬂs‘ﬁs\}ﬁ%[ Waﬁ% S lehgal* E? afl‘@\t}gﬁlfybflﬁpﬁéf‘%rtgc?i ng said
conplex; (vi)_ lowering said neans for reversibly attracting said conpl ex
into the Sshewiral PEArgsTRg steRd AS| BiRh st ensuees bl ther method ean: be Mlskibai d

nmeans; 30 WD 2005/019836 PCT/ GB2004/ 003363 characterised in that the
anal yt e i sadaptbd &cdcedmmodatepdhwidecahgefatifasntrgmpleyproeessingprotocdline

According to an even further aspect this invention relates to the use of a method
according to the present invention for the processing of a sample prior to a nucleic
. acid amplification reaction. As a first step it is usual to need to lyse any cellular
material within the sample to release the nucleic acid material. The lysis can
optionally be performed by a chemical lysis step for example using a:chaotrophic
reagent such as guanidine hydrochloride, or alternatively a physical lysis step for
example using a sonicator or both. Sonication of a sample is particularly useful for
the initial disruption of spores that may be present. It is then preferred that the analyte
is moved through two different chambers each comprising a buffer to wash the
analyte the buffer comprising ethanol optionally with detergent and other optional
reagents for example tris hydrochloride. Several PCR reagents are then added to the
sample for example primers, probes, fluorescent dyes, enzymes, nucleotides, and the
like. The nucleic acid material is optionally eluted from the binding material by the
use of a small volume of preheated water into which the other amplification reaction

reagents solubilise. Finally the reaction mixture is subjected to thermal cycling with
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first chanber or in the second chanber. It is preferred that the physical
processing step is a sonication step or alternatively that it is a heating
step. Furtweresradsss is preferred that the nethod and anpcrgigbegbozppar at us
are al so designed such that the sanple can be additionally subjected to a
chem cal popibaslseaigime epticahanaysihtd tnositertbe amplifitwiontrbaction tahd gositivelpe
flexibly adapted to accommbdate a wi de range of different sanple processing
protocol s. deffy@hiafgtt 0 an even further aspect this invention relates to
the use of a nethod “according to the present invention for the processing
of a sanple prior to a nucleic acid anplification reaction. As a first step
it is usual to need to lyse any cellular material wthin the sanple to

rel ease the nucleic acid material. The lysis can _optionally be performed by
a cheni cal Apspsdiagde ap even Turiherasnsci tbisigvention alsortslatasdo theusenfia Bndingas
guani di ne hydrochloride, or alternatively a physical lysis step for exanple
usi ng a somatertbin au appdrhtus Socordigi torthe prasestanpérdionsfop ahe poadessing ofiaef ul f or
the initial disruption of spores that may be present. It is then preferred
that the agsiplé ?ﬁmitg Amiehsc hﬁaqg,?nﬁgmnqacﬁgﬁ_ent chanbers each conprising a
buffer to wash the analyte the buffer conprising ethanol optionally with
detergent and other optional reagents for exanple his hydrochloride.

Several PCR reagents are then added to the sanple for exanple priners,
probes, fluorescent dyes, enzynes, nucleotides, and the |I|ike. The nucleic
aci d mat er Figuresg optionally eluted fromthe binding material by the wuse of
a small volune of preheated water into which the other anplification
reaction reagents solubilise. Finally the reaction m xture is subjected to
thermal cycling with 31 WD 2005/019836 PCT/ GB2004/ 003363 optional real tine

optical anpigifd BshdwsDpérspectiveeiedratlthd appaidnan reaction and positively
Figure 2 shows a transverse cross section of the complete apparatus from the side.
Figure 3 shows a birds eye view of the platform.

Figure 4 shows a cross section view of the operation of a functional component, here

a cutter, piercing a laminated membrane on a chamber of the apparatus.

Figure 5 shows a view to illustrate the detail of the attachment of a functional

component, here a cutter , to the fork of the arm.

Figure 6 shows a cross section view of the operation of a functional component, here

a sheath, with a magnet to withdraw bound analyte from the sample chamber.
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identify the target. According to an even further aspect this invention also
relates to the use of a binding naterial in an apparatus according to the

present i Ry@hbds@Rogzer the processing of a sanple prior perRsE6d@sIH3aci d
anplification reaction. Figures Figure 1 shows a perspective view of the

appar at us. Pigufi!T ShodvsSAEMsSs Sedtiof BMe 0F theDpefatiofi OF lal physiehl Pr0EesciaRARNSE
apparatus fromthe side. Figure 3 shows a birds eyé view of the platform

Eio?rg:)ﬁeﬁt ?ﬂ%‘é’rielﬁeagllrsgﬁf P%aﬁl?lgt)ﬁglrlééa’lit §§°%%¥S€%§%%r%%98ﬁﬁéﬁ%%§ﬁ@“|§r of the

apparatus. Figure 5 shows a viewto illustrate the detail of the attachnent
of a funct# S-conponent, here a cutter, to the fork of the arm Figure 6
shows a cross section view of the operation of a functional conponent, here
a sheath, with a magnet to w thdraw bound anal yte fromthe sanpl e chanber.
32 WD 2005/ 019836 PCT/ GB2004/ 003363 Figure 7 shows a cross section view of
t he oper at Figure$ sowy Siasakedionoges of therdpetittion dfer fanticiRboSmpdent) @stel Ny, tO
heat a vol une of solution in one of the chanbers of the apparatus. Figure 8
shows a cr ! ' ﬂ%qﬁ)q]ﬁ ' i e onent, here
a sheath, %§§?ﬁ§%ngg£1&\églt?é§/tggﬁlgagge the %gﬁﬂ %@I@%@F%@gaiaﬁfg&ggact I on
chanber. Figure 9 shows a cross section view of the reaction chanber, here
with a functional conmponent, here the cutter, in position to seal the
reacti on chanmber. Figure 10 shows a cross section of a lid of the present

i nventi on WEigure 9 shews gsweissssggtion view of the reaction chamber, here with a functional

component, here the cutter, in position to seal the reaction chamber.

Figure 10 shows a cross section of a lid of the present invention with a recessed seal.

Figure 1 shows perspective view of the apparatus 1. The apparatus comprises a
platform 2 held in position by a twist lock 4. The platform comprises several
chambers and functional components (detailed in Figure 3). The platform rotates
driven by a stepper motor 6 and a drive belt (not shown). The position of the platform
is monitored using an index sensor (not shown) also by monitoring the movement of
the stepper motor 6. Located above the platform 2 is the arm 10 that comprises a fork
12 for removeably attaching to functional components (not detailed) on the platform
2. The arm 10 is shown in a raised position holding a chamber 68 above the platform
2. The apparatus also comprises a magnet 14 that is located directly above the fork of
the arm 12. The magnet 14 is shown in the raised position. The apparatus also
comprises a heating means 16. This is also located above the platform 2 and shown in
a raised position. Furthermore the apparatus comprises a means for sonicating a

sample 18 again located above the platform 2 and shown in a raised position. The
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Figure 1 shows perspective view of the apparatus 1. The apparatus conpri ses
a platform2 held in position by a twist |lock 4. The platform conprises
several ¢fwpdsofssgrd functional conponents (detailed i npEi/gbeaddszesl NE
platformrotates driven by a stepper notor 6 and a drive belt (not shown).

The posi t liggar afoveinentpdfahé armnl0iadd Mg inh it d4 sdrivendy 4 mdeor 20eRclied(toot  shown)
al so by nonitoring the novenent of the stepper notor 6. Located above the

F'ﬁaﬁﬂﬁé?‘l 8 dife BB 221 ?’“’2"? §Z'H§‘.i‘i‘e%? %“%Eﬁ’?%i A R *“?ﬁ*’fel’ar?ﬁESCf“s”g
2. Th
2ppar at us LG Se%??%é&%m%aﬁ@ cHR® FenplR 18 0Nl BPefouBols e for

of the arm 12, The gnet 14 is shovvn in the raised position. The appar at us
al so cong? a@%@e@ﬂh@aﬁ helt 32 and ind3vidyallyscaniroleds By ligeart asainss v6 ang é8pl atform
2 and shown in a raised position. Furthernore the apparatus conprises a
neans f or respetitfullyi e appasatop klso tBmprgisssr dontrelt parel:3oare 4 prewdalsaidco 3 2 and
shown in a raised position. The 33 WD 2005/019836 PCT/ GB2004/ 003363 |i near
novenent of the arm 10 and the nmagnet 14 is driven by a notor 20 attached to
a drive belt 22 and controlled by a linear actuator 24. The Iinear novenent

of the hatln 6 and t soni Is simlar
driven by %‘68 %tqlaéléﬁegﬁe P%’Sﬁls?%gnt?é%e 5@35%5 ﬂg}ev?rgﬁeé]l fiveg g?ﬂ rol | ed by
| i near actuat ors 26 and 28 respectfully. The apparat us al so conprises a
control pahelcomporgits shavpnare thesemte apthose-shavme ip Figwstls except Hat aeate cross
section of the apparatus of the present invention. The conponents shown are
t he sane asuitbp34 cabaonbé sechi femeahiseviewe.p Thishwiewl dddeionallpcheres the @d#vecan not
be seen fromthis view This view additionally shows the drive belt 40

attached gyt 0! ffactied’ B mbRk ¥ foddolalifig Rhé'plaibtth AR SRR A2 fbf sbAMing BfeSI N9 Lhe

position of the platform.

Figure 3 shows a birds eye view of the platform 2 of the apparatus which has been
designed for processing a fluid sample prior to nucleic acid amplification. The
platform is mounted on the apparatus using a twist lock mechanism 4. The platform
comprises two functional components, a cutter 50 and a sheath 52. Each functional
component comprises a lip 54 on either side that allows the functional component to
interact with the arm of the apparatus (not shown). The lip is orientated such that as
the platform rotates the forked component of the arm is able to slide under the lip of
the functional component. The apparatus also comprises several chambers, 56, 58,
60, 62, 64, 66 and 68. Each of these chambers has a different role as set out below.
Chambers 56, 58, 60, 64, 66 are oval in cross section and comprise a circular well
rece;ss at the bottom of the chamber 560, 580, 600 and 640 respectively. Chamber 62
is circular in cross section. Chamber 68 is circular in cross section narrows to a

capillary tube at the base of the chamber indicated by 680. Chamber 68 additionally
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position of the platform Figure 3 shows a birds eye view of the platform 2
of the apparatus which has been designed for processing a fluid sanple

prior to RushRs1ase d anplification. The platformis nmopa)RS 60003363
apparatus using a twi st |ock mechanism 4. The platform conprises two

functi onal cqgRes 8MpS70 that H6WS tROcHARbeAIRERAN with Heash dihetabpiiaius

conponent conprises a lip 54 on either side that allows the functional

conmponent | r 3Gt Wi . he a r S_ {: own The lipis
ori ent at ed{nghﬁw%{qﬁétaéhggm e% E%H%ﬁlgﬁiggg{’ %ﬁ%@%ﬁ%@%ﬁ@%iﬁ%ﬁé@ Bf the
armis able fo sli under_the |lip of the fupctional conmponent. The

appar at us #° @Siéng‘%a@@?%@v@daﬁz F pfvwied toggherdp a single ceptaingy76.68hignd 6s.
Each of these chanbers has a different role as set out below. Chanbers 56,
58, 60, 64comdinen# isdefachablefromshe phatfoon. FThelplatfopn ialse camprisesd cut awaly|

recess at the bottom of the chanber 560, 580, 600 and 640 respectively.
Chanber 62gectisng8rcular in cross section. Chanber 68 is circular in cross
section narrows to a capillary tube at the base of the chanber indicated by
680. Chanber 68 additionally 34 WD 2005/019836 PCT/ GB2004/ 003363 conpri ses
alip 70 that allows the chanber to interact with the arm of the apparatus

(not shown Cha r 68 i.s nmounted i.n the apparatus using spindles 72

mount ed i n)rh%%el{gtj e?npaf@%%mfﬁﬁbs Pg"ﬁ%oéﬂtfg%@eﬂ@eﬁ%%f’ %iﬂl'"%g‘@‘.‘qi’é‘?mil?f 19 single
container 76. This container 76 is detachable fromthe platform The

pl at f or m ahwadeic aeisk arspkificationtis aelagut badaw ivdth Fdereftectolthe abbve Migumgspadat us and
the platformfor the processing of a fluid sanple prior to nucleic acid
anpl i fi cat hdiitibrallyHguesstd ), ow with reference to the above figures and
additionally figures 4 to 9.

A container 76 comprising sample chamber 60 is selected based on the chosen assay.
‘Chamber 62 is preloaded with several reagents required for said assay. A fluid
sample comprising a DNA analyte is collected and placed into the sample chamber
' 60. The sample chamber is preloaded with a chemical lysis reagent guanidine
hydrochloride. Magnetic binding beads 100 are then added to the sample and the lid
of the sample container is closed. The container 76 comprising sample chamber 60,
sample and reagent chamber 62 is loaded onto platform 2. Platform 2 is then loaded
into the apparatus 1 and locked in place using twist lock 4. The arm 10 is lowered and
the platform 2 rotated such that the fork 12 engages undemeath the lip 52 of cutter 50.
The arm 12 is then raised and the platform 2 then rotates such that chamber 56 is
located under the cutter 50. The arm is lowered and cutter 50 pierces the laminated
metal membrane (not shown) covering chamber 56. This is repeated such that the
cutter 50 sequentially pierces the membranes covering chambers 58, 60, 62, 64, 66

and 68.
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A container 76 conprising sanple chanber 60 is sel ected based on the chosen
assay. Chanber 62 is preloaded with several reagents required for said

assay. A fy e conprising a DNA analyte is colle ed into
t he sanpl e c%arsr/t())ggr%ngO The sanpl e chanber i s prel oaded %E?&;@R&ﬁog%ﬁ%g

lysis rea C net i ndi beads 0 are t hen

added to ?;?ﬁ %g%&g‘gg gosfﬁé&f%‘%‘g gl?f’ o Otﬁ%ﬁ?gﬁl?f@? ?@p@h@  The

cont ai ner 76 conpri,sing sampl e chanber 60 sa | e and reagent chanber 62 is
| oaded onBFUBFLY, SIS plaingedenbsane @t slwaﬁcpn forfiop afechapibsr.dotis | and

| ocked in place using twist lock 4. The arm 10 is lowered and the platform
2 rot at ed examplet3atof tthee apparatud. 2 The ghgmberudl és atterhbd tdéhd platfdoin @ Thd t er 50.

The arm 12 is then raised and the platform2 then rotates such that chanber

56 is | oggupMdluasess thBe ngtdfttmeemnéﬁbnaj’ B&a?dﬂéht 52 {HAVRnREd fmshgggé tvth tBO pi erces

t he Iam nated netal rane (not shown) covering charber This is

repeat ed er 50 sequentially pierces the nenbranes
covering gﬁ‘%&o%@&%ﬁ%@ 64, 66 and 68. 35 WD 2005/019836

PCT/ GB2004/ 003363 Figure 4 shows a cross section view of the operation of a
functi onal conponent, here a cutter 50, piercing a | am nated nenbrane (not
shown) on to top of a chanber, for exanple 56, of the apparatus. The
chanber S5&igwe &t shawead view be iisiiateothe @etailtod thei ajtackment! of ar fnetsorahe | i p of
the functional conponent 52 that is used to engage with the fork of the arm

(not showghm TpEnaiﬂr&ré aTRAYE56) 1 BRVOHO12 bf thetarat B, tTiee fik A lof e 410
attachnent of a functional corrponent here a cutter 50, to the fork 12 of

EEE ?ng é%ng;g%?vsjlﬁrtﬁe mﬁ%eﬁﬂ@he]ﬁ)p s@ngages with the cutter underneath

}.U
(@]

Once all of the laminated membranes of the apparatus have been pierced, the cutter 50
is returned to its original position on the platform 2 by rotation of the platform 2,
lowering of the arm 10 and rotation of the platform in the opposite direction such that

the fork of the arm 12 and the lip of the cutter 52 disengage.

The platform is then rotated such that the sample chamber 60 is now located
underneath the means for sonicating the sample 18. The means for sonicating the
sample 18 is lowered into the sample chamber 60 and the sonication of the sample is
initiated. This provides a physical lysis step to lyse any spores that are present in the
sample to release any DNA. At the same time the chemical reagent guanidine
hydrochloride also acts to provide chemical lysis of any cells in the sample. As the
DNA is freed it binds to the magnetic binding material to form a complex. When
sonication is complete the means for sonicating the sample 18 is removed from the
sample chamber 60. Prior to being stored the means for sonicating the sample 18 is

first washed in two wash chambers, chambers 56 and 58. These chambers are
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Once all of the | am nated nenbranes of the apparatus have been pierced, the
cutter 50 is rettnmed to its original position on the platform2 by

rotation &fotdsopssd form?2, lowering of the arm 10 and pot/aBred/e363 he
platformin the opposite direction such that the fork of the arm 12 and the

lip of thepreloadedr Wik agyuiteblgaadier,Tios eptmplesy A% saqupeus ethanediscsolntion 80hat t he

sanpl e chanber 60 is now | ocated underneath the neans for sonicating the

sanpl e 18.Thewmessalos sbicatignihe ahmply 19113 raedfiom e dample kdrsibrigo] chat he
sanpl e chanber 60 and the sonication of the sanple is initiated. This

provi des 13‘?%*3‘5 Q%tatex%hal a.{aelauffer Ehhsihef By ewq& aff §8§Adank N t he

sanple tor e any DNA. At the sane t| me the c em ca reagent guani di ne
hydr ochl ori de al ts ta Vi de che caI cell.s, i

sanpl e. Astl OF e %ﬂ&q‘?‘g Sf“?lgbep{é)tth%ﬁ?ags a%% W‘?’idﬂtﬁal?"éﬁefal to
forma conplex. Wien,k sonication_ is co%e the neans for sonicating the

sanpl e 18 ¢hambendfscagtivatedbrintly andh Agpadl. aeedyee isgepepted forishambersi®r ed t he
means for sonicating the sanple 18 is first washed in two wash chanbers,
chanber s SAftarttle S&tond nask thehaednsfor sonhizatiRdthéCaRPlRSI80is 94 ddktdre2 004/ 003363
prel oaded with a suitable buffer, for exanple a 50% aqueous ethanolic
solution 80. The neans for sonicating the sanple 18 is raised fromthe
sanpl e chanber 60, that platform2 rotates such t hat buffer chanber 56 is

now | ocat under t for._soni t he I ,_the means
for sonica ;lh% g)“fea ?nc} eIt %F?ﬁes}w%ghn&&ﬁ? i gaﬂlg%g Briefly
and rai sed. The rocedure IS repeated for chanber 58. After, the second wash
the means Wislernsg i thadipng 9hihe§3h§ﬂ eTheaym 10 i then raised thembydaismgesheathy 10 i s

then | owered and the pI atform2 is rotates such that the 12 engages
under neat h54 e aboye the pihtfeine 2 h Thé plakfoema? iy en sotithd sucknilat dhd benmplby
rai sing sheath
chamber 60 is directly underneath the sheath 54. The arm 10 is lowered thereby
lowering the sheath 54'into the sample chamber 60. The magnet 14 is then lowered
into sheath 54 and the magnetic beads 100 to which the DNA is bound are attracted to
the sheath 54. The arm 10 is then raised thereby raising sheath 54 out of sample
chamber 60. The magnet 14 is raised simultaneously with the arm 10 such that it

remains inside the sheath 54.

Figure 6 shows a cross section view of the operation of a functional component, here
a sheath 54, wjth a magnet 14 to withdraw bound analyte from the sample chamber
60. The chamber 60 is attached to the platform 2. The sheath is lowered via the arm
(not shown) into the sample 102 contained in the sample chamber 60. The magnet 14
is inserted into the sheath 54 and the magnetic beads 100 to which the DNA is

complexed are attracted to the sheath 54.
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54 to above the platform2. The platform2 is then rotated such that the
sanple chanber 60 is directly underneath the sheath 54. The arm 10 is

| ower ed t eoebos/o1ds3geri ng t he sheath 54 into the sanpl e eoardEoofHddssslihe
magnet 14 is then lowered into sheath 54 and the magnetic beads 100 to

whi ch t he TASADNA bowidl tatige aidghétid Behds A 00t iahah eakhedh twhdusfers. 1dhés t hen
rai sed thereby raising sheath 54 out of sanple chanber 60. The magnet 14 is

(i sed i BkaRee wlotaid bt e AR MEHbAEH cdrtaining ggigre Bytifdehlpiab he

sheath 54." Figure 6 shows a cross section view o lon o

functional mponent . her a she 5 | a t 14 to w t.hdraw bound
anal yte f rbd’r%fef ﬁ@ug%{ﬁ @f@awme%%%ﬁl&aﬁ%&ewﬁ%gqﬁg niaeneti,bepds gbﬁhe
platform 2. The sheath is |lowered via the arm, (not shown) into the sanple
102 cont ai #e @ttragtedh elheaarpt €0 ishigwisead, Berebynleweting she sheathj 34 inte thettarffernt o t he
sheath 54 and the magnetic beads 100 to which the DNA is conplexed are

attract ed dhambbe6shadhe maghet 34 i3MdtA0Wered tBGRM. PTHIS Qita00 M40 tr3behds The DNA
bound to the magnetic beads 100 is then washed in two buffers. The platform

2 is rotatgd n%ulgg éfrha'%&acftiéd 36 UM S0 80PRIsteRd deRMtaindl 2 Atd fleSbuffer

hydr ochl ori de er solution is directly underneath the sheath 54 to which
the magneti ¢ bea 100 . are attracted. ,The a 10 .4 s Jowered., therehy

| oweri ng tﬁ?iu%oﬁegtﬁwlgﬂmfwgom?k}gwﬁﬂﬁ 8F ﬂ‘%%@@‘@@&f‘“%%@hé‘% 13 5 not

| ower ed though. This neans that the beads 100, are no |onger attracted to

t he sheat hvesticah rovemspis sasiyes that all heads 190 arq relegsadqEom the eheathsit and 8. Rapi d

raising and | owering of the arm 10 and thereby sheath 54 in small wvertical
movenent s weld migsl with thebiffdvesahision 0 Thaskeatteb4 isstheh fowmned backdhieathé fitst and are
well mxed with the buffer solution. The sheath 54 is then | owered back into
the first pyuffer chamber 64, the magnet 14 is lowered into the sheath 54 and the magnetic

beads 100 with the DNA still bound reattach to the sheath 54. The process is repeated
_to wash the beads 100 in a second buffer comprising 50% aqueous ethanolic solution

contained in a second buffer chamber 66. After washing the magnetic beads 100 with

the DNA bound in the second buffer chamber 66 the arm 10 is raised thereby raising

the sheath 54 and leaving the magnetic beads 100 in buffer chamber 66. The sheath

54 however is not returned to the platform 2 but instead is retained attached to arm 10.

The platform is now rotated such that the reaction chamber 68 is now directly
undemeath the means fqr heating 16. The reaction chamber 68 comprises a lower
area 90 comprising a capillary tube 680 and an upper area 92. The lower area 90 is
separated from the upper area 92 by an in tact laminated membrane 94. The upper
area comprises a small volume, approximately 100ul of water 96. The means for
heating 16 is now lowered into the upper area 92 of reaction chamber 68 and is
activated to heat the water 96 to a temperature of approximately 90°C. Once the

water 96 is heated the means for heating 16 is raised and removed from the reaction
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buffer chanber 64, the magnet 14 is lowered into the sheath 54 and the
magnetic beads 100 with the DNA still bound reattach to the sheath 54. The

process i Sy6onRAIMRGs 0 Wash the beads 100 in a second bptiRig6QMAEIs$I NI 50%
aqueouset hanolic solution contained in a second buffer chanber 66. After

washing th [ ea | d.in th ecend ffer
chanber GGWQQE% ?8‘%‘293?“53@‘88%’??&1&@%%?%8%{% a?&?%%tt% ggorawgﬂ‘f: eavi ng
t he magnetic beads 100 in buffer chanber 66. The sheath 54 however is not
returned t®€ he platform2 but instead is retained attached to arm 10. The
platformis now rotated such that the reaction chanber 68 is now directly
underneath the nmeans for heating 16. The reaction chanber 68 conprises a

| ower area 90 conprising a capillary tube 680 and an upper area 92. The

| ower ar eapigfird BshovAPAERELSkctibR Widw6f HE REEradbELaf Q%thﬁ'brb&sﬁiﬁghehﬁsm nat ed
menbrane 94.” The upper area conprises a small voluhe, approximately 1001 of

wat er 96. | i i cedat i he . upper .area 92 of
roact i on chafadbeiRs fahearid Y, APy a oY of PHRLGH o6 B Bt P s BBy o o
of approxipately 90C. Once the _water 96 i s _heated the ans for heating 16
i's raised Borathedririion chaghet o of theppagiys lsg%ﬁafﬁespb@y"g%s attached tot

PCT/ GB2004/ 003363 chanber 68. The neans for heating 16 is then stored on

t he appar aheiplatfofmr2. f Themeeansier héatingrheats thérowater Docthat s beldtin dhe upmerw of t he
operation of a physical processing means, here a means for heating 16, to
heat a vol su¥EoRH2 8PtHeirkAARhRMbE 63, théﬁiﬁeﬁib%ﬁ&?!)z and BieCloWRE sécBiBR DD ON
chanber 68, of the apparatus 1. The reaction chanber is attached tot he

Cppor  Sec P BA TeBRaY Shariber BE 3 MRalRR G AP RRE . 0T, 07 62 Bnd The

| ower section 90

The platform is again rotated such that the second buffer chamber 66 comprising the
magnetic beads 100 to which the. DNA remains bound is directly underneath the
sheath 54. The arm 10 is lowered thereby lowering the sheath 54 into the second
buffer chamber 66. The magnet 14 is again lowered into the sheath and again the
beads 100 are attracted to the sheath 54. The sheath 54 and magnet 14 are both raised,
that platform is rotated such that now the reaction chamber 68 is directly beneath the
sheath 54. The arm 10 is lowered to lower the sheath 54 into the upper section 92 of
the reaction chamber 68. As before, the magnet 14 is not lowered such that the beads
100 are no longer attracted to the sheath 54. The beads 100 are released into the .
upper section 92 of the reaction chamber 68. As previously small raising and
lowering of the arm 10 and sheath 54 ensure that all beads are released from the
sheath 54. The DNA is then eluted from the beads 100 by the warm water 96. The

arm 10 is raised such that the sheath 54 is removed from the reaction chamber 68.
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of the reaction chanber 68 are separated by an in tact nmenbrane 94. The
platformis again rotated such that the second buffer chanber 66 conpri sing

the nmag '@@@@ﬁﬁ 100 to which the. DNA renmains hounddSclidos6d3se5
underneath the sheath 54. The arm 10 is |lowered thereby [ owering the sheath

54 into thgnae/Rdws *atbfrrlésﬁ s HER e JP2tBRUTSS fubtidral é&ﬁt&h nﬂ‘él%f@d I nto

the sheath and again the ads 100 are attracted to the sheat The
sheat h 54 anpd et . re t.h, rai.sed, hat, pl at f is rotated such that
now the r @a@lefl@ﬁgchmgr I%égnqt%gmdfor ERATAS§ t%%hglg{%gqai%te Olgq?e]é]?% thie, reaqiion o m 10
Is lowered_ to Iomer;%he sheath 54 into the upper section 92 of the reaction
chanmber 6&hambenyed.oThe magaetig heads 100 are relgased dvie thel upperrsection 92106 theeads 100
are no longer attracted to the sheath 54. The beads 100 are released into
the. uppeeactiontchamb&26® fwheteethedmatadomateh Bbrishitestiie DNApfremi the shagnetial |
raising and |owering of the arm 10 and sheath 54 ensure that all beads are
rel eased fyeadg fgoe sheath 54. The DNA is then eluted fromthe beads 100 by
the warmwater 96. The arm 10 is raised such that the sheath 54 is renoved
fromthe reaction chanber 68. 39 WD 2005/019836 PCT/ GB2004/ 003363 Figure 8
shows a cross section view of the operation of a functional conponent, here
a sheath 54, with a magnet 14 to_rel ease_ the bound anal yte 100 into the
reaction T8N agamdotaterhaich dha aonsthe gepgsnichamber 88 dntowhichheve pper
section 92 of the reaction chanber 68 where the heated water 96 elutes the
DNA fr om theen pagivatied thdopemtssaty) Geagdie fpi atruclein asd agpilificatidrateadticnydé t hat
now t he reagent chanber 62, into which have been pre-|oaded the necessary

reagent s fgfecfly iHddriédth 8l sHeRBYI fieAtMAD i§ RAFdréPhercb§ loWbriBeink hesgder neat h
the sheath 54.”" The arm 10 is |owered thereby |owering the sheath

54 into the reagent chamber 62. The reagents (not shown) have been pre formulated

such that they are also bound to magnetic beads (not shown). Once the sheath 54 is in
the magnetic beads to which the reagents are bound are attracted to the sheath 54.
The sheath 54 and magnet 14 are together raised to remove the reagents (not shown)
from the reagent chamber 62. The platform 2 is then rotated such that the reaction
chamber 68 is now directly underneath the sheath 54. The arm 10 is then lowered
thereby lowering the sheath 54 into the upper section of the reaction chamber 92.
Again the magnet 14 is not lowered such that the magnetic beads to which the
reagents are boupd are released from the sheath 54 into the upper section 92 of the
reaction chamber 68. The reagents are eluted from the magnetic beads by the warm
water 96. After elution is complete the arm 10 is again lowered with sheath 54 in
position. The magnet 14 is lowered into the sheath 54 and all of the magnetic beads
in the upper section 92 of the reaction chamber 68, ie those from the analyte and for
the reagent, are attracted to the sheath 54. The sheath 54 and magnet 14 are both

raised to remove the beads and the platform 2 rotated. The beads are then deposited

40



54 into the reagent chanber 62. The reagents (not shown) have been pre
formul ated such that they are al so bound to magnetic beads (not shown).
Once the she@abds9k3ss in position in the reagent chanbepcgz:gbsdiggeet 14
is.lowered into the sheath 54 and the magnetic beads to which t(1e reagents

are bound ay wastt tintacdrecoft the tubel Bliffert dhabbers. TARerSihe HeldSRavbeeiigReiedl4 are
together raised to renove the reagents (not shown) fromthe reagent chanber

62. The Pl RbhihEhh 945 tHeWath o RbGHeE AR Tt pblifod 67 Hd ABokh 3BGEHS 15 now

directly underneath fhe sheath 54. st ower ed héreby

| owering t 4 41t o u . SeGgti 0 f the reaction chanber 92.

Agai n the %&%@%elgtsof&@% %%%@gwoghﬁpq?ﬁ%‘m@gnetic beads to which the
reagents are bound are rel eased fromthe sheath 54 into the upper section 92
of the reaction chanber 68. The reagents are eluted fromthe magnetic beads
by the warm water 96. After elution is conplete the arm 10 is again | owered
wi t h sheat Bh&apper septiei O2 of redftien chamisdr 684nove cbmyrisesch pmtified hecldbasidh 54 and
all of the magnetic beads in the upper section 92 of the reaction chanber

68, 1 L hoggndle A lllefana kethuired Rehgbt fof R ahBRGedHon reidtiofl! (TRCkAIG A the

sheath 54. The sheath 54 and magnet 14 are both raised to renove beads

and the pl r . e re _then de I ted WO 2005/ 019836
PCT/ GBZOO4? %%%ﬁ%%go é{gﬁ %??ee"“. n 88'oﬁgé Bg‘tﬁpﬁgt}&gg‘% ‘g’%ﬁ‘?seﬁﬂ"% ’?a‘%ﬁnt er the
beads have been rel.eased, from sheath 54, the sheath is returned to its
initial poShambss 6§rs DAY Fresty Ypesraeatl thegmtier SOs Thg ar J&risdewered theeebynn 10
and rotation of the platform 2. The upper section 92 of reaction chanber 68
now conpr i fveermgpthei hitted Suiiteithe aedction chamber 68d Thé coftert he pieaes thed
reagents for an anplification reaction. The arm10 is now used to pick up

the cutt er npéhbrafte Pt the witet 98ARNMIMINE HeIINAUMA redihts!d16pd RbFthk Wwer

section 90 of the reaction chamber 68. Rather than using the arm to remove the cutter
50, the cutter is instead left in position in reaction chamber 68 where it now acts as a

stopper to seal the reaction chamber 68.

Figure 9 shows a cross section view of the reaction chamber 68, here with a functional
component, here the cutter 50, in position to seal the reaction chamber 68. The cutter
50 has also been used to pierce the membrane 94 separating the upper section 92 and
the lower section 90 of the reaction chamber 68 such that the water 96 containing the
DNA analyte and the reagents for a nucleic amplification reaction can enter the
capillary tube 680. The cutter 50 remains in place to seal the reaction chamber 68
such that no solvent can evaporate from the chamber during the amplification

reaction.

In order to drive the water 96 containing the DNA and the reagents into the capillary

tube 680 of the reaction chamber 68 the platform 2 is rotated at high speed. The
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chanber 68 is now directly underneath the cutter 50. The arm 10 is | owered
thereby lowering the cutter 50 into the reaction chanber 68. The cutter 50

pi erces t Rgo 2003Mes36e 94 and the water 96 contai ni ng the pPRsE6k/dosRIENT S
drops into the lower section 90 of the reaction chanber 68. Rather than

usi ng t he RpihEAl TR \GiveS theClttid ©6 inteGhe EARIGYILSE 686 THRLS el Bytthd N
position in reaction chanber 68 where it now acts as a stopper fo seal the

reaction g r i e 0SS, seghipn .view gf t reaction
Chanber " cgactiagt, i ot e ot AAER BafbenSs R Mo hEsh fie AublaY |
position to seal_ the reaction chanber 68. The cutter, 5Q has al so been used
to pierce means A spindics gﬁ‘%‘ﬁ?ftdalpi 108k sth d 4y fpathennene; igprder tonprevendhe ower
section 90 of the reaction chanber 68 such that the water 96 containing the
DNA anal ytspiliagd of hiquidecogérinesl inahambens36e58, @yp#iahd Gatduningrtkiadighospeedin ent er
the capillary tube 680. The cutter 50 remains in place to seal the reaction

chamber  68tabidfinthestadhafifh efsPar Aasighed wRY aR ovall Rods sebfidéndcd sitbifir degsk Ng t he
anplification reaction. In order to drive the water 96 containing the

and the re It L4 aday: - | chanmber 68 the
ol at  or m A Db Rsfolti Sy Ptk ) TEHis ikt QR Rirol R £53E1IER.

PCT/ GB2004/ 003363 centrifugal force drives the fluid 96 into the capillary
tube 680. This is aided by the fact that, during rotation, the reaction
chanber 68 is able to pivot on the platformby neans of spindles 72 nounted
i n socket sAfter thewatér iningdhel DNA eng thevimeleic amplifertiondge eoferddi thei d
contained in chanbers 56, 58, 60, 64 and 66 during this high speed

rotation, ¢dpikey GliberHB0Sthar andleiignesiyd hndérgova nuelets Scideghpificatiol a
circular recess at the base, as shown in Figure 3. This internal design

prevents anyi | hagfs stage the reaction chamber 68 can be manually removed from the

apparatus 1 for use in another apparatus where the nucleic acid amplification is
conducted. In this instance however the single apparatus has been adapted to
additionally conduct the nucleic acid amplification and optical detection thereof.
These operations are performed in the lower half of the apparatus 1 (not shown). In
order to fully automate the process the reaction chamber 68 has been adapted with a
lip 98 such that it can be manipulated by the apparatus arm 10 in the same manner as
other functional components 50 and 54. The arm 10 is lowered and the platform 2
rotated such that the lip 98 of the reaction chamber 68 engages with the fork 12 of the
arm 10. The arm 10 is then raised thereby raising the reaction chamber 68. The
raised reaction chamber 68 is shown in Figures 1 and 2. The platform then rotates
such that the cut away section 78 is now aligned underneath the raised reaction
chamber 68. The arm is then lowered thereby lowering the reaction chamber through
the cut away section 78 and into the lower part of the apparatus 1. When located in
the lower part of the apparatus 1 the nucleic acid amplification is performed using a

thermal cycler to heat and cool the reaction mixture in the capillary tube 680 and an
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After the water 96 containing the DNA and the nucleic anplification has
entered the capillary tube 680 the sanple is ready to undergo a nucleic

acid anpl i‘{,b(z‘@ots%??#b%react ion. At this stage the reacti OnPElfﬂiH}i?&{o%?%gan be
r

manual | y renove omthe apparatus 1 for use in another “apparatus where

t he nucl ei gptiral dbtedia tofdefedt HRrend prodiRfyd UiE R aiddd Byike fh&&h@tnﬁ@cm»ﬁ—yer the
singl e, apparatus has been adapted to additionally conduct the nucleic acid

anplificatiqn: it Lo %}ﬁ{ T‘?. at.i re perforned
"t he | oviiPARpeBRHtE A ofsBliEaly SRubARle Rt ymer VAR 1R8G5 i AGurlginl
automate the..process the reactipon chanber 68 has been adapted with a lip 98
such t hat ?‘}Ohggﬂ?ﬁ’écﬁﬁﬁfaﬁﬁ@f’gg&by the apparatus arm 10 in the sane manner
as other functional conponents 50 and 54. The arm 10 is |lowered and the
platform2 rotated such that the lip 98 of the reaction chanber 68 engages
with the fork 12 of the arm 10. The arm 10 is then raised thereby raising

t he react i aftectvaipletior56t the hecleicaickiednplifivation theghiafdiay 2 6Snthiniri MeMuttdr Fi gur es
1 and 2. The platformthen rotates such that the cut away section 78 is now

al 1 gned UnseiRCalm SaddiiafibefsORC 58 4D, 65TRIRA 6Pthd (B Felidh LRarliflzBs! OVer €0

thereby | owéring the reaction chanber throug e cut away section 78 and
into the | owe ar t t he apparatus,1l. \Wen Jlocated j t he | ower part of
t he appar a@ﬁ?jlfg@ﬂgecﬁﬁeﬁﬁﬁ aﬁﬁz}r 5 Apd %%SPB%&"S# @%P#"&Pﬁﬁ&%@% the ¢ her mal
cycler to heat and cool the reaction mxture in the capillary tube 680 and
an 42 - -necessary elementgoap iy teiingeduced intepho eppaggesesh thajtit eant bejesedct or to
detect the end products. This is aided by the fact that the capillary tube

i s coat ed ugdihineamottee sampleahdngpulstivhuct i ng pol yner which allows rapid heating
and cooling of the capillary tube 680.

1y

Figure 10 shows a cross section of a lid 200 of the present invention with a recessed
membrane 206 attached to a sample vessel 212. The sample 210 is introduced into a_
chamber 212. In order to seal the chamber 212 to ensure that the sample 210 is not
contaminated a lid must be used. The lid 200 of the present invention comprises a
membrane 206, for example a laminated membrane, which can be pierced into order
to access the sample for further processing at a later time. In order to prevent cross
contamination of the sample 210 from the membrane 206, the membrane 206 is
recessed within the lid 200. This has the result that if a user touches the lid 200 to
close the it ﬁ'om either the upper side or the lower side there is a gap 202 or 204
respectively between the user and the membrane 206. As such the user does not
contaminate the membrane 206. In this instance the lid 200 is attached to the sample
chamber 212 via a hinged flange 208. However it is not a requirement that the lid be
attached to a chamber, the lid alone could be manufactured for use with a wide variety

of different sample vessels.
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After conpletion of the nucleic acid anplification the platform 2 containing
the cutter 50, the sheath 54 and chanbers 56, 58, 60, 62, 64 and 66 and the
reacti on eohonimsni®ds8s are all renoved fromthe apparatus pot/ghe@messgzoff. A
new pl atformcontaining the necessary elenents can then be introduced into
t he appar art¢sids200hconiises & nishibrixe 205eshiclydfbrer fo sutedsithe sanpipl e
mani pul ati on. Figure 10 shows a cross section of a |lid 200 of the present
invention with a recessed nenbrane 206 attached to a sanple vessel 212. The
sanple 210 is introduced into a chanber 212. In order to seal the chanber
212 to ensure that the sanple 210 is not contamnated a |id nmust be used.
The lid 200 of the present invention conprises a nenbrane 206, for exanple
a | am nated nenbrane, which can be pierced into order to access the sanple
for fiuther processing at a later tinme. In order to prevent cross

contam nation of the sanple 210 fromthe nenbrane 206, the nenbrane 206 is
recessed within the Iid 200. This has the result that if a user touches the
lid 200 to close the it fromeither the upper side or the | ower side there
is a gap 202 or 204 respectively between the user and the menbrane 206. As
such the user does not contam nate the nmenbrane 206. In this instance the
lid 200 is attached to the sanple chanber 212 via a hinged flange 208.
However it is not a requirenent that the lid be attached to a chanber, the
lid al one could be manufactured for use with a wide variety of different
sanpl e vessels. 43 WD 2005/019836 PCT/ GB2004/ 003363 The lid 200 conprises a
menbrane 206 which, in order to access the sanple 44 d ains
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1. An apparatus for processing a fluid sanple conprising. (i) a platform(2)
conprising: (a) a chanber (60, 64 or 66 ) suitable for receiving a sanple;
(b) a second chanber (68) into which an analyte extracted fromthe sanple
or reagent may be delivered; and (c) a first functional conponent being

rel easably held in place on the platformand conprising a sheath (52) which
provides an interface between a neans (14) for attracting a solid phase

bi nding material (100) and solid phase binding material; (ii) an ann (10)
capabl e of begggmgﬁised and | owered and including a nmeans for renoveably
attaching to nctional conponent (52) such that said conponent may be

rai sed an ngvg ' t ; nmeans (6) for noving the
pl atform (2) su@%&tﬁ%ﬁoqgﬁéb%éﬁﬁag%g@s@?ed@ﬂﬂw 66 or 68) or functional
conponent (5 ma aligned with respect to the arm(10); (iv) a means
(14) for att %‘ict i K P’ﬁ?éms(g??‘?f‘m bi nding material. 2. ‘An apparat us
according to claim1l wherein the platfaorm (2) supports a further functional
conponent (50) that (@bashamber (0, $6r)suitahie f9r Jeqeivine aisamplehe chanber. 3.
An apparatus according to claim2 wherein the further functional conmponent
is able to act as dbfua senond Sbymber (68 inte whi¢toah apayte oxracted fodmrther, or to
cap the chanber or to introduce a filter. 45 4. An apparatus according to
any one of the precedmnple ol eagent wiagbeidalivdned; apl at f orm (2) and the functional
conponents (50, 52) are disposable.

(c) a first functional component being releasably held in place on the

platform and comprising a sheath (52) which provides an interface

between a means (14) for attracting a solid phase binding material

(100) and solid phase binding material;

(i) anarm (10) capable of being raised and lowered and including a means for
removeably attaching to the functional component (52) such that said
component may be raised and lowered with the arm (10); and

(ili) a means (6) for moving the platform (2) such that any chamber ( 60, 62,

64, 66 or 68) or functional component (52) may be aligned with respect to
the arm (10);

(iv) ameans (14) for attracting the solid phase binding material.

2. An apparatus according to claim 1 wherein the platform (2) supports a further

functional component (50) that comprises a means for interacting with the chamber.

3. An apparatus according to claim 2 wherein the further functional component is
able to act as a cutter (50) to pierce a foil seal on the chamber, or to cap the chamber

or to introduce a filter.
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, 5. An apparatus according to any one of the preceding clainms wherein the
pl atform conpri ses one or nore further chanbers (56, 58, 62) for reagents
which are useful in the sanple processing. 6. An apparatus according to any
one of the preceding clains wherein a chanber (60, 64, 66 or 68) or, where
present, a further chanber (56, 58, 62) contain pre- dispensed reagents. 7.
An apparatus according to claim6 wherein a further chanber (56, 58)
contains wash liquid or diluent conprising a buffer solution or water. 8.
An apparatus according to claim6 or claim7 wherein a further chanber (62)
contains a reagent required for use in the processing. 9. An apparatus
according to Claim8 wherein the reagent is bound to a solid phase binding
material. 10. An apparatus according to Caim9 wherein said solid phase

or QSLg?nS"‘E i e ppeS Eﬁ‘é“é‘%ﬁ%’% 8@&"?55’@4 ?‘;E???%‘P@é f‘%&st&%‘?’ﬁ%‘p?@& i
i . i i el 10
rechan oa) PROBEHHGEIREe AEUBRIESRESRals BB Sebioonem (50 52). 13,

An apparatus according to claim 12 wherein a fork (12) is provided on the
arm (10), and arranged to interact with a lip (54) provided on each
functional conponent. 14. An apparatus according to any one of the
precedi ng &l ai mAnyappasatys apeording) {os anyrope 0f the pregeding pllaimdi whersinotheon| y .
15. An apparatus according to any one of the preceding clains wherein the
platform comprises one or more further chambers (56, 58, 62) for reagents which are

useful in the sample processing.

6. An apparatus according to any one of the preceding claims wherein a chamber
(60, 64, 66 or 68) or, where present, a further chamber (56, 58, 62) contain pre-

dispensed reagents.

7. An apparatus according to claim 6 wherein a further chamber (56, 58) contains

wash liquid or diluent comprising a buffer solution or water.

8. An apparatus according to claim 6 or claim 7 wherein a further chamber (62)

contains a reagent required for use in the processing.

9. An apparatus according to Claim 8 wherein the reagent is bound to a solid

phase binding material.

10.  An apparatus according to Claim 9 wherein said solid phase binding material

is silica.
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apparatus conprises a nmeans (20) for raising and lowering the arm (10) in a
substantially vertical direction. 16. An apparatus according to any one of
the preceding clainms wherein the neans (14) for attracting the solid phase
binding material is a magnet. 17. An apparatus according to any one of the
preceding clains wherein the apparatus additionally conprises a physical
processing neans (16, 18) able to effect thermal, acoustic, optical,

soni cation, electrical processing, sensing or nonitoring techniques. 47 18.
An appar at Uk acpfarsppagtis aédordif 1t6 2MebRe oft the mrByedingd lclddhd owhdreiagtheeans i s
a neans for heating (16) the contents of a chanber (60, 64, 66 or 68) of the
apparatus.maﬁgnneniggaﬁﬂﬁ{us according to Claim 17 wherein the physica
processing neans i's a neans for sonicating (18) the contents of a chanber
(60, 64, 66 or 68) of the apparatus. 20. An apparatus according to any one
of the preceding clains wherein a chanber (68) of the apparatus is coated

at least in part with an electrically co ctin ol ymer. . 21 ar at us
accor di ng P)o an‘é“@ﬁ@”&ﬁ’star?ﬁo ”&@M‘F‘I HT?E Wﬁgéﬁgi‘é%‘ﬁm’é‘gggﬁﬁf’ t he
processing of a sanple prior_to a nucleic acid anplification reaction. 22. A
met hod of (IO Eeshamcally remayeablyattaches tg each fupptional campenest G0nd2k o cl ai m 1,
wherein the nethod conprises: (i) placing a sanple conprising an anal yte
into a first chanber (60) |ocated on a platform (2) of an apparatus
according to claiml; (ii) binding the analyte to a binding material (100)

t o f or m anlAanal &b epparbtus dcergdinguo elaim |12 ovhepdie a fork (12) is provided on the arm

(10), and arranged to interact with a lip (54) provided on each functional component.

14.  An apparatus according to any one of the preceding claims wherein the arm is

moveable in a single dimension only.

15.  An apparatus according to any one of the preceding claims wherein the
apparatus comprises a means (20) for raising and lowering the arm (10) in a

substantially vertical direction.

16.  An apparatus according to any one of the preceding claims wherein the means

(14) for attracting the solid phase binding material is a magnet.

17.  An apparatus according to any one of the preceding claims wherein the
apparatus additionally comprises a physical processing means (16, 18) able to effect
thermal, acoustic, optical, sonication, electrical processing, sensing or monitoring

techniques .
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(iti) lowering a sheath (52) which provides an interface between a neans
(14) for attracting a solid phase binding nmaterial (100) and solid phase
binding material into said first chanber (60), and neans (14) for
reversibly attracting said conplex, into the sheath (52) and allow ng the
conmplex to be attracted to said neans; (iv) raising said sheath (52) and
nmeans (14) fromthe first chanber; 48 (v) noving said platform (2) such
that a second chanber (64, 66 of 68) is now alighed with the nmeans for

reversibly 18!t r agtdpparatid dc6raiY ©Clainy 17 Whensy &i&gm@ﬁi:ﬂ pro&aking myahs A _MeANS
(14) for reversibly attracting said conplex iInt he second Chanber (64, 66

or 68) and,r ' ' I ' fromthe
sheat h (52?,%?‘2?% lﬁ%@?gé&ﬁ&ssofgﬁ %‘(’é}ggé’&?’ §8§ﬁ§§(%f;‘ﬁe ocessing step
either in the first chanber (60) or in the ‘'second chanber (64, 66, or 68).
23. A nmethod according to C aim 22 wherein the physical processing step is a
soni cati on §tep. 24. A met hod,. accoyrdj n? to C aim 22 wherein the physical
processi ng 12t ep AnapparafysaAccording to Clagm 17 whegeimthe physisal raeessine Mmepndis d ai ns
22 to 24 wherein the sanple is also subjected to a chem cal processing
step. 26. A meansoior senisating (1 ®dtharppntents off a chamhber (69, 64, 8§ ¢ro68) e the
processing of a sanple prior to a nucleic acid anplification reaction.. 27.
Use of a bapghratgs.material (100) in a nethod according to Claim22 for the
processing of a sanple prior to a nucleic acid anplification reaction. 49

20.  An apparatus according to any one of the preceding claims wherein a chamber

(68) of the apparatus is coated at least in part with an electrically conducting polymer.

21 Apparatus according to any one of the preceding claims which is automated

for the processing of a sample prior to a nucleic acid amplification reaction.

22. A method of processing a fluid sample in an apparatus according to claim 1,
wherein the method comprises:
(i) placing a sample comprising an analyte into a first chamber (60) located on a
platform (2) of an apparatus according to claim 1;
(ii) binding the analyte to a binding material (100) to form an analyte - binding
material complex;
(iii) lowering a sheath (52) which provides an interface between a means (14) for
attracting a solid phase binding material (100) and solid phase binding material
into said first chamber (60), and means (14) for reversibly attracting said complex,
into the sheath (52) and allowing the complex to be attracted to said means;

(iv) raising said sheath (52) and means (14) from the first chamber;
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(v) moving said platform (2) such that a secor}d chamber (64, 66 of 68) is now
aligned with the means for reversibly attracting :.said complex;

(vi) lowering said sheath (52) and means (i4) for reversibly attracting said
complex into the second chamber (64, 66 or 68) and removing said means (14)
allowing the complex to detach from the she:gth (52), wherein the analyte is
subjected to a physical processing step either m the first chamber (60) or in the

second chamber (64, 66, or 68),

23. A method according to Claim 22 wherein the physical processing step is a

sonication step.

24. A method according'td Claim 22 wherein the phyéical processing step is a

heating step.

25. A method according to any of Claims 22 to 24 wherein the sample is also

subjected to a chemical processing step.

26. A method according to any one of claims §2 to 25 for the processing of a

sample prior to a nucleic acid amplification reaction.j

27.  Use of a binding material (100) in a method according to Claim 22 for the

processing of a sample prior to a nucleic acid ampliﬁcation reaction.
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