Apparatus for Processing a Fluid Sanple This invention relates to an

appar atus and associ ated nethod for processing a fluid sanple. The analysis
of fluid sanples, for exanple clinical or environnental sanples, may be
conducted for several reasons. One current area of interest is the

devel opment of a nethod for positively identifying biological material in a
fluid sanple, for exanple a clinical or environnental sanple. Such a nethod
woul d all ow for early diagnosis of disease states, which in turn would
enabl e rapid treatnment and infection control, or the identification of

envi ronment al cont am naAppagatds fercPiackssing/d Flubd §hnple| ei ¢ aci d
anplification, for exanple by polynerase chain reaction (PCR), is a usefu
and wi dely used nethod for positive identification of biological material
in such sanples, several problens exist when trying to successfully devel op
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the key problens lies in the fact that, prior to subjecting a typical
clinical ¥MR&vironnental sanple to nucleic acid anplification, the sanple
itself often needs to be purified and or concentrated. This is perforned by
a sequence of processing steps using reagents, sone of which are hazardous.
However, nucleic acid anplification is just one of many different possible
exanpl es The analysicotidd eamples sforrexenmple aliniosl rfendircangits!, saapidecimlyibg a fl uid
sanple, is required which involves a nunber of sinultaneous or sequenti al

processi Ngyoi e forl fReralt &fé%ﬁe%ﬁﬁ dréhegf?ﬁl'téf%iffﬁé/e 8ve enﬁ%@avaried
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and may include for exanple chemcal, optical, e rical, er mal ,
mechani C‘fjlrln’e’ch{fl)ﬁ%‘rS f)éscft%/leiy fﬁ%ﬁﬁﬁ%lsg' ﬁ%log?c%?rsﬂape%a? 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



nonitoring, in addition to possible dilution and concentration steps. To
date such conplex fluid processing is usually conducted in | aboratories
where sanples are either treated manually one by one, or are treated with
the use of, special.ist robotics facilities where.mgny different .sanples can
be pr ocesSBERIRAL Rhpa pleptichl, fisrmpl Teramical, ORGSR nPraSF e S 8L 1 af ed
with these nethods. These include that they are slow, resource intensive,
expensi ve manitoriaginagddision & pessible diluttoaand congrptratiensieRsri nat i on. An
alternative approach is to use conventional fluid processing systens that
require fluid sanples to flow sequentially through a series of different
chanbers where each chanber is utilised for a single step in a sequence.
However —suiNdsty SheiRofmPest! fuid pro@ssingfis SRTRLE cottueted! if 1BbbratorRl Wied
processing small volunes, and automati on of such processes requires the use
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remai ns a ne Op an ‘i'nproved appar at us e sanpl e,

particularly.low volunme_ fluid s les, c be processed using a series of
bre- det erMGiB SoRRREH fasilites cWEere  wainy (diffarent qaEples oaBnhe B Wuch an
apparatus should be readily adapted for use in a non-laboratory environnent
and by an nepadleht Bowevgn therg are|sevasal problems assacinted withithesagnetheds. tFheseit can
be used to manipulate a fluid sanple, for exanple a clinical or

envi r onrmrerhelhdsthapthey apy siow, tesotalnyaisive, Expensivesabiect yerrut@néite cfss d
anplification. Such an apparatus would ensure that analytical results could
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woul d reduce costs. Furthernore such an apparatus should have su ci ent
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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



conprise di sposabl e conmponents to mnimse the |ikelihood of cross
contam nation and to elimnate the need for sterilisation. A prior art
search has identified US 6,374,684 which discloses a fluid control and
processi ng systemconprising a plurality of chanbers and a noveabl e val ve

body t hat compfsd@ispSsable! Qoninehts t8 irRinthiRe RAO GRAMAIE i crdssl éditninsio €
according to a given protocol. Although this provides a devel opnent in the

field of A l.ng a fluid sanple, several problens

remai n. Owagdgoﬂééﬁﬁgra%b %%?dsﬁfﬁgﬁﬁﬁlﬁg 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 sanple processing
chamber with a reservoir of each processing solution. Such an apparatus is
not wel | duprietat seangh dap identified-US 63 74:168¢ywhickidisplosenta fiyidecontol and | | ed

| aboratory worker because, for anong other reasons, there is a need to
connect t ipeocesdig $}atenp oshprisihg a phirality of clisleyry and & miesble valve bpdyathiat cal and
in the case of hazardous chemcals nay pose a safety risk. Furthernore, the
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processing solution to the sanple 1n turn, and to renove any wa

mat eri al s, I gh resul.t in.mXxi f residual terdal in the fluid
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sequences. There remains a need to devel op an apparatus for processing a
fluid samprecesying adfhud comple, sevralaproblems ispiahs .Oeaetsmcl;:, neeRleR is dhils & magneti ¢
particles to mani pulate target nmaterials in a sanple solution. One exanple
of this iordirdclespesd the fiwid SaiplsS@mentiwdly tdi differentsolations; ftdsl necsshrpssoci at ed
apparatus for a specific binding assay. The apparatus conprises two or nore
vessel s i fotatd et HlveNBATOEStRhARSahi Rifn,| §iaC adiiébdlt &fterndD Qoatflah Ydagph Nds to a

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 solid phase, for exanple nmagnetic particles, and is then noved, using a
renmover, from one vessel to another in sequence. A separating reaction, and
any other required .reactions, are performed in turn in each of the vessels
and finally the particles bound to the target analyte are noved to a

measur i ng g¥gs pRise, B8 éhe[?n@ H%l%ﬁ&h&e@%ﬁdi%@ngﬁ@@? over, ko field of

sanpl e mani pulfation t aratus’ 1s only suit surpesarrp
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mani pul ation an h Ls not suitable for the. th co
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prior to nuclei acid anplification. There re S aneedto devel op such an
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overcome the above probl ens. The apparatus conprises: (i) a platform

conpr i si ndo tifeatarget ahalptecare suaviedtio @ theasunng wésséingAgais althowgh thiscoro(idys a
functional conponent; (ii) an arm capabl e of being raised and | owered and

i ncl udi ng samRBAREndeGh thé FiRIY 6RBinpla maaipuldiidnt the bpparbtug 4§ bARAuiteBIBTTENENt such
that said conponent nay be raised and |l owered wth the arm and (|||) a
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first cha The Iatfor hen. ed such that th ar.m
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t he functi onal corrponent and then rai sed The platformis then noved such
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An apparatus, and associated method, have now been developed that overcome the
above problems. The apparatus comprises:

)] a platform comprising:

(2) 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

(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 directly underneath 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
therein. When the 4 interaction is conplete the armcan either be raised

t hereby renoving the functional conponent fromthe chanber, the platform
moves, andntetaetidnisctanplete the aymranteither beetaishé therelpt semesling thehfngtiaiat or m or
Is further lowered to interact with a further conponent on the platform

Al ternati \Rinpohéift FMNAthRSEAChe (PlRMrinRoldsNahd eitrfuncEOHH @BRPbnaRGs t he
pl at f orm noves t hereby |eaving the functional conponent attached to the
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I nteract w sanple to t(‘:onduct a W de range of physical processing.
Exanpl es of physical . processing inc)ude thermal, agcqustic, optical

soni cat i orﬁongﬂoé?f’ttrqnc% Fﬂ?tg‘?;ré‘ési&bﬁm@é(ﬁg’i thg ary,C ‘Fﬁ%‘t“g‘r ?‘HE‘ thectimetional  For
exanpl e the functional conponent could be a heater or sonicator that is
nmanoeuvr ecompoden canddbie aietfonm anavesnthgrebliclesviagbthe fincighile cemponent sanpl e
to physical processing. Alternatively the functional conponent could be used
t 0 renove ataclwdad yHeechtmber.t he sanpl e in the chanber. Such novenent of the
analyte could optionally conprise a solid phase binding material which is

capabl e of binding a chosen analyte in the sanple to forma conpl ex that
can then be noved fromone chanber on the platformwith the aid of the

functi onalCco t d V. f n he fo and
deposi t ed The a%ﬁ%r? er“‘gﬁﬁ%é%ﬁ‘?ﬁ{?ﬁ&ﬁ%h%ﬁﬂﬁ#@ g#%‘%{eﬂtonaﬁ e %gﬁt@ ®coul d
interact with the chanber itself, f?r exanpl e could _conprise . a cutter for
pi erci ng AW 1o icﬂF‘f ée franges P pRy$ca) RI0PGHE1HR QKQWBEP,OfoPhYSSC@HpI y act
as a lid to seal a chanber if required.

Ush fc &1
processing include thermal, 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. Alternatively the fuﬁctional component could be used
to remove an analyte from the sample in the c;,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 example 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. In any chanber the analyte can either interact with a functional
reagent or can be subjected 5 to physical processing or both. As such it is
possi bl e t@pligsiiahprocessimgpprdiodi. UAs suchhit istpabsiblehe design theexpparatisgushithpect ed to
a series of processing steps as required by the pre- determ ned protocol. As

al ready degchidirg cﬁﬂ%efﬁﬁ_ﬁkfeﬁ%hﬁé?{&%%&cc@ﬁﬂ BRps!tak Irk Byproye- the
anal yte from chanber to chanber on a platformihereby allowing it"to react
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in tamthereb ubj ect i the sanple tq a series. of :chem cal jmani pul ati ons.

1t can t ndb aye bt ahalats o sbamben by Shahee o coblaRPRE HBChalK Beahto

invention is very flexible and as such can be designed to performa w de

seri es of refict patheame of mgrd furgtisinal reagenthinl tarm. oAbernpiivalysdt cowld bepised tt us i s

particularly suitable for processing of a fluid sanple conprising a

bi ol ogi calm@raingto mure esagbnts an depositahér into fthd dvenpie ahathisertiy tém therebyei ¢ aci d

anplification reaction or alternatively an i nmunoassay or alternatively an

assay i nvl,wi ' ) : Eﬂ‘gﬁ] :a.<DNA sequenci ng assay

especi al | 3&%&%@%5@?}%@%%% %Bg@%%jl}g C ng%insénhanced in several ways.

These include that the platformnmay be essentially circular and nove by

rotation; the apparatus may conprise nore than one functional conponent

t hereby increasin tgqe? potenti al samg‘{‘ie mani pul ati on possible;, the

appar at us hean tgrsiome fieadeey thal 8rapparaliscacger te the Present WRGRHAILIS VEBY ocessi ng

means whi ch, rather than being |located on the platform are |ocated above
flexible and 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 ;hefe_by 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
replaced to prevent cross sanple contam nation; one or nore of the chanbers
may be preloaded w th any functional reagents to reduce conplexity; and

t hat the ajppaireltrsanssuth thiseils operatfonds dudht auvdmared.nPesigningtthaapparatuotoer at i on
Is fully automated. Designing the apparatus to have one or nore renovabl e

chanbers Rag bhe orddbid RARIvaBRVeAhMER hivtheSsuBical APaTEEY thabfsevélgnt i cal

di mensi ons can be manufactured and then each filled separately wth the
necessary O | t and
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useful ness .. of the apparatus. .This, arat us has, several advantages. These
ncl ude t R Ty THEEE FASTH ik SISO PTOER | REE UPReom: BER SPRFREILs, t ho
armitself need only nove in a single dinmension, thereby reducing

conpl exi t ynserk theidesived chamber fogaisein eachdnsipnrsrthergby increasig thpaisefplngss or m can
conprise a variety of functional conponents for exanple a heater, a foil
cutter, aoftheiappiratus. and yet by the use of a single armable to renoveably
attach to each of these, each in turn can be manipulated to interface with
one or nore chanbers also located on the platformto operate a

pre-determ ned sanpl e-processing protocol. The apparatus is flexible such

that its eration can be r.eadil dj ed [ riety. of | fferent

pr ot ocol sq.zlés @ggaw&asﬁﬁf?ﬂeﬁﬁt&eg' gg’ q’é‘)‘%fuggﬁ}%lt é%lf’ glgé’ggiﬂﬁeggp?gﬁﬁ%ce can
be established wi thout the need for an apparatus conprisj n? fluid pat hways
and punpsueibthahihe rlavpme mayes e afm disgld psedonly mavg 1 &SRl dimansignes t he

i kel i hood of reagents mxing with one another during the protocol. O her

advant agesherely wethacidgatomplexity. A further advantage of 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. gdvantages 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
be fully portable for use in the field. It is an object of the present

i nvention to devel op an apparatus, and associated nethod, for processing a
fluid sanmpbch ahtapparatusf whidhels cdpablet op kulijbétingl AvRuiti sumple tdesisees df such an
apparatus which is capable of subjecting a fluid sanple to a series of
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sequence, preferably to purify and conCentrate afluid sanple prior to a

nucl ei ¢ aci g [ fj [ r on. J te i ot her . obj ec . i S.§ nvention
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use by a worker with Ijittle or no_  |aboratory, training in a non-|aboratory
envi r onme AP P‘F’f‘%é‘@&@ﬂlusgrlse@%%&r‘gﬁ% O%Sé?’ﬁppé{enﬁ%r??c%s@o?“ e It s
yet another object of this invention to design the sanple conponents of the
appar at us apperatgs thhess flexibleras passible,do besimpléita usethyya warkebwithditdposmy of

after a single use reducing cross contam nation of sanples and elimnating

the need figJorfib6 trainfighth b Hofidatiormont envidonaRti PAtNfeduddicasr ued BRer
objects of this invention, will becone apparent in light of the follow ng
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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:

(2) 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

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

component may be aligned with respect to the arm.



(i1) an arm capabl e of being raised and | owered and i ncluding a neans for
renoveably attaching to the functional conponent such that said conponent
maybe rai sed and | owered with the arm and (iii) a neans for noving the

pl atf orm such that any chanber or functional conponent may be aligned with
respect to the arm s According to a second aspect this invention relates to
the use of an apparatus according to the present invention for the

process! NgcBirifgSRIMal fecBhd Uspb? MisHvbMidh réfied 187! ddeCBE 1R B ON.

According to a aspect I's 1nvention relates to of processing a fluid

sanpl e wherei.n the method.conprises, (i l.aci a s l.e_conprising an
analyte | Asrai i Bre Bieseh Jrveron X6t s prdocRifE of & e Bie LA AR 7T

bi nding the analyte.to a binding material to forman anal yte - binding
materi al aefBmpliicgtignIeastiaeri ng a neans for reversibly attracting said
conplex into said first chanber and allowi ng the conplex to be attracted to
said neans; (iv) raising said neans fromthe first chanber; (v) noving said
pl atform such that a second chanber is now aligned with the neans for
reversi bl WcadrdingCto ﬂ%ﬁ&!dﬂ{)é‘dﬁ@iﬁiﬁile&%h)relaml &0 pForishinEe @ "Buié QempRV er si bl y
attracting said conplex into the second chanber and allow ng the conplex to
detract f iHd IRANE o &t?é'ae%acteri sed in that the analyte is subjected to
a physical "processing s%ep either in the

@) placing a sample comprising an analyte into a first chamber located on a
platform of an apparatus;

(i) Dbinding 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 ;:hamber;

(v)  moving said platfoﬁn 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

I nvention 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. 9 According to a fifth aspect this invention relates to the use of
a bi ndi ngAnedrdingdd aififitaaspeet thisdneartion delays to thehese pf esnding mvaterial amaf or t he
processing of a sanple prior to a nucleic acid anplification reaction.

Accor di Ngmethod a%td&ﬂﬁxgat%ﬁﬁ@tprés@htsm'vélﬁf%ﬁtfbf)ﬂxerﬁb@ésﬁﬁlgtd}‘ As C,% phidt kRl e for

closure of a vessel,” said’lid conprising a nenbrane and aracterised in
that said e wWthin the lid. Detail ed Description of the
| nventi onm&%}ppu I gglgc%t‘g@%ﬁ here| n are hereby incorporated by reference

in their entirety, unless othermnse i ndi cated. As used herein the term
"fluid sanple” means any sanple that exists as a gas, a liquid, a solution
corrprl Si ngaa sanpl e sol vated by a solvent, or a fluid systemconprising one
more pheewdingde aesiafpaspeeinthésvinvention, reftest foua dids switable’ farsclegusnof aken t o
nean a sanple which may initially be introduced into the apparatus as a
solid or aesgelssaiddid ¢omprisindatmerhbratie brtd cheractelisedeinshat said thedstodneeid by t he
addi ng of a volunme of solvent. Simlarly a "fluid sanple” is also taken to

mean a JgagsREPWanMinellidi s passed through a cyclone during which
particulate matter 1n the gas sanple is suspended in a suitable solvent.

Exanpl es of sanples include, but are by no neans limted to, a fluid sanple
collected fromthe environnent 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 comprising
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
cbllected 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

that particulate 10 nmatter in the air is entrained into a fluid collecting
chanmber, such as that described in W) 02/29380 and the |Iike. As used herein

the term nageeid ©8alr i8eRRAinedRANE fRiB O 1Bt SHEnSRY, subh @k @it dadcriBed iPhysi cal
agent that is used in the apparatus or nethod of t’he present invention. It

conp hem cal or biol ogical reagents dosed as a solid
pomder bggg?nﬂ§§8§u %ﬁkggéssed tabl et and the |ike. Suitable exanples of
reagents include, but are not Ilimted to, |lysis reagents for exanple
chaotrophic salts, nucleic acid targets, nucleic acid synthetic controls,
bact eri ophage, |yophilised enzynes, dyes, detergents, antibiotics,

anti bodi es and the |ike. Such a reagent may al so be processed such that it
conpri ses A8 v kereinatbe tenm ffungtioral cagenl” weaw eolig c gtvm@ahdn@l@gml @hal yte in
the fluid sanple, for exanple a magnetic particle optionally coated with an
anti body ophysicatiagent thatlouseddn thet dppataarsror imstiedd afithe preyenttinedntiohd ltahs0 be
understood to conprise physical mneans for interacting with the fluid

sanpl e. TQSﬁ@nQ@Hﬁ&'oﬂ el Rmiéillor @fcﬁogae&l rbd /gsahfs%sed Ba %lﬂ% W@, baad, a

sonl cator, heating neans, and the ITke. used herein the term

"function t I ar at us
Chat has & s%‘f Jhctchy B DR SR SR aheiRde, o Fe B0 L2 e
appar at us. e fu fional nponen be .designed fo h vari ety
of uses dI B@lsa"ﬁﬁ%q“ésn or quatﬁlpterél %@’r‘%éi‘”se anF’él 951 W%e%pﬂé@fefq c use of

one or nore functional conponents can be readily identified by one skilled
in the artacidesyntietiyy emtrolsyebaptestnphage, ulyepbilisedh cenappsas,atdyss, Retergsrtanpl e t he
functional conponent may

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 magpetic 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 stitrer bead, a senicator, 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
provi de sonme physical processing to the sanple for exanple heating,

cooling, optics, 11 sonication, and the like. Alternatively the functional
conponent may conprise a neans for interacting with the chanber itself, for
exanpl e bsonicationgamd tiee tikie.t eXltarmativelye theefimcfional corgponertanepgompsase hanber, to
introduce a filter and the |ike. Furthernore the functional conponent may

act as a gehdeflr Qﬁtemﬁngwﬂﬂmet SRnfRFPLES, fF eﬁﬁnﬁl@adf}b’ﬁ&ingcé%né Ju&ot her ei n
to anot her chanber of the apparatus. The ‘el enents of the apparatus are

descr | bEd%iiegbe]?éloﬁal?l d%giéi‘n% :cgﬂ’&le%ﬁam@{ Yo iiﬂ?%’oﬁl)%% Qp@%‘f%ﬁé fi® e afhrﬂ'féﬁﬁ&%t us for

processin conpri si Ag: mconprising: (a) a

chanmber syitable for receivin sanple; and 0 functional c onent ;
(e attn BoiorE oSNt Ry aftabd Gurod i radribe e e R an a5 Ene 1 o
renoveably attaching to the functional conponent such that said conponent
may be rafedeineththeresnéa anothar chambgs odtha appaAwiusi i i ) a means for noving the

pl atf orm such that any chanmber or functional conponent may 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 processing steps
can include chem cal processing steps such as diluting the sanple, washing

the sanpl ¢h¢ eRHRALS F'the/appatdusoR€ de¥cribBI B MbiefR¥ail tiefdwit | ons, reacting the
sanple with one or nore chem cal reagents, but nmay 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:

3] a platform comprising:

(2) 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

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

component may be aligned with respect to the arm.

The apparatus is designed such that it is suitable for subjeqting 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.
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subjecting the fluid sanple to acoustical processing and the like. 12 The
apparatus conprises a platformthat in turn conprises a first chanber and a
functi onal conponent. The chanber nmay al so be known as the sanpl e chanber
since this is the chanber into the chanber into which the sanple,

preferably, a fluid sanple nd nore.preferably conprising.,an.analyte, is
first i nt?(}&%ﬁega&aﬁuﬁtcé’"f“éesagppj?t'fsz. %%%@aﬁ#@ﬁm%@ﬁwb%ﬁ fal |y be
integrated into the platformof the apparatus, or _alternatively may be

r enovabl efunedenal gempergnt.oLhe shamber pray glto bedmayen as the samplechamhe’ sicgnp| e

el sewhere and then placed into the platform The functional conponent is
desi gned thicis thdrehamber dutn the chasrhey énib mhicit the shmgle; preféreblyar fimid sample
apparatus. It is preferred that the armand the functional conponent can be

attached hmi @efdprofeidtly tomnptdhg af ahaiteOn Mkt ihRehRB Aitd thiSaphatdAtyiTHehe need
for any wuser interaction 1n order that the operation of the apparatus can

be fully L S r.ef e : | I

r enoveabl gﬂﬁa@ ?ggﬁ[ggeljt %ant ?@O?lumﬁgtbi@olﬁ%g%ﬁ%gﬁeenﬁﬁﬁg@/ergf ar{F 85 gtrﬁgén(%{- desi gns
are possible. One sinple solutiqgn ig t an functi onal onent is

st nod EUTERHSR: G be;repoumhe Hoph e pLa Ty Kk BvbAERe SIS OHLBer m rray
slot. Once the armis in position the novenent of the armin an essentially
vertical simple elsewherelandshendaced iatadhe plafomhe f uncti onal conponent in
essentially the sanme direction. One advantage of this design is that the
novenent of the platformcan be used to interface the fork of the armwth
the lip of the functional conponent. It is also necessary that any

functi onahgﬁ tmeaeﬁﬂtco' 3aeﬁt iPAETBNRNubY thak i &R ﬁeore]zﬂa%em?%&&m% tHiehe

apparatus but Is instead held in“place on the platformot the apparatus in
a manner %8? th%lalpgavl\%tu's.t iti8 plbe?errreec{ ﬁ%ﬁtﬁgax‘@%ﬂd rcheeqfilﬁ'ncr:t‘i:"o%'al éb‘(%%or}legp Coh 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 thét aﬂy
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
platform 13 The apparatus al so conprises an arm capabl e of being raised and
| ower ed and capable of renoveably attaching to the functional conponent.
The design of the armw |l depend in part upon the design of the neans for

attachin fag?a?msfa&otéalfhﬁd&caﬂ aﬂ%agag@meﬁg&aiséémﬁﬂb“faﬁde&gg&ﬁ‘gg% s

preferred th he arm esi gned that“it I1s capa anically

attachi ng. he ngt honal gonponent, One ex e of.a spnple design is
Chat ¢ no M eRUHElY BEtchR lo BRORSRTH colBafelt g, feigh.of 16 ¥AE) One °a
right angles to that of the armitself and which can fit around.the

funct i ondleperdoinRazeRpon the desigy,Qfithe meang Erataf&aﬁl@ng [t amm do thesBwmetionsl reans are
orientated in a manner essentially perpendicular to the novenent of the arm
such t hatcompohentt has seteav above itds praférredythahthezarm sndesigned suchcthabitds

conponent are required. It is preferred that the apparatus conprises a neans

for rai sidagatfe@df inseRanibAlly Beachin® toptheffefcidhyl ¢dinporest)s Onetdxamble o4t i cal
direction. The neans is preferably a mechanical neans that is preferably

oper at ed &Rl oot HRSRU Gy RiselPHEREPI Yagd BBt GG bt Blngs o1 Pl €

as possib S preferr e armsinply noves in a sin

di mensi on ,u nd do i {h_respect. to. t hanber ... The desi gp _of the

appar at vt A el g, fat B 467 B il PRS0 Bt ot tin ot e | s
usual ly no further  requirenent for the armto nove once it has been raised
or | ower e@nneneitddyis peetgapd, that theslot gnd iseriion speans ave qriesated intaguamst pl at f or m

or any functional conmponent or chanber thereof.
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 pfatform 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 situation where
the platformis arranged such 14 that the functional conponents and the

chanber s astena fintbfiedall d leits Ofhd ahe CRdrhtRréNaret 416mBA Anbalyoh taSelhfforives in a

| inear direction fromside to side to appropriately align the functional
conmponent at 1 v . | . t £ ' uch that
The f unctis A TRAE moves LR Rk @ictubd cbBCit & S8K 1 i Sl lyiler 0
platform_the ans will tranglate t pl at for.m.to.gppropriately align the
Punct | ondhe BaBBit fedbonsats crihaiivers. Aifie PLR T 1S ATERged gt £ or m i s
desi gned such that the functional @ conponents and the chanbers are arranged
in a circhatthe funstoral compenenty pud ¢hembersiare arrpnged g pmaviay jonthe platorm
appropriately align the functional conponents or chanbers. This not only
has t he atleaeaagwilbframsslawpthiefplatfignt toeapprophiatelycalignathe finectionalawaponaits t he  arm
but also allows that, in an apparatus designed for use in a conpl ex

nul ti - st ef chamBBse NREARRY Sois Hcthé Phitfoth HeHeihedi stigh 1Rl W fimbiiéhal®®ans can
al so be positioned above the platformto be |owered into the chanbers as

required. |f th 0 l1t.se 0naqt . . %‘P rm and
any addi t‘fog}Pé)%l e‘gtﬁ%‘?gﬁ éﬂp%ggssgen%yﬁné%n@% %?ch}ag %%%%E)glg'ﬂbée&g{r}g ’ghn%ed usi ng
conpl ex three dinensjional nmechanics o both orientate with the desired

pl at f or m Blatenm Wﬁlmf@&‘r@o?mf’f’%q‘te]é’% e ifpnctiqralcepmpanentss@oehembeTsand t hen
to be lowered and raised towards the platformas required. The platform

i tsel f cafhibavtordnhassthe edvantagetafisonplifying\the mechanics forthe masgmentef thére
platformis essentially circular and able to nove by rotating to align the

chambers @ bilitilss bldewad (HaENMROAE Bfparts Besi@@abt uéein Heodiplexoubi-fep physi cal
nmeans. This al so has

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
sensing mnechanismto allow for correct positioning of the functional
conponent or chanmber as the platformnoves under the arm or other physical
processi ng neans | ocated above the platform 15 As set out above the
functional conponent can have a wide variety of different uses. On the one

hand it c onprJ t ich is.desi d ' ct wth the
sanpl e. For Sée;‘fgsﬁﬁ"%%i tﬁe %&ggﬁ&o@%n Irl1s°8$'|ih<‘3‘<va‘? 8%&1&%‘%@*’ B%g%‘?‘?rﬁ%“s et ector,
means for_ providjng .an optical signal and the like ich is stored on the
pl atformomonerfeﬁﬂilr &3 YOTBPHSE A SqTBPRRCL WHSH 1® Apsigred, tg; ategrab withiie ar m of
the apparatus, lowered into the desired chamber and operated as necessary.
I n such isapaecBer éxampleyit paayucostnriseiaf sonichler,dwatenciptical detectere meatsefok unct i onal
conponent and the arm of the apparatus were also to provide an electrical

connect i ofrosidifg ah @pticalosigmab indethp Oiley whirht liestbredadn theaplatfepipowdih duri ng
use. Alternatively the functional conponent nay be designed to interact with

a chamber ﬁ:{h G ’pq%‘% : gg? }?%Pé{.:]gl g
interactilgﬁgﬂ |§h ar ghgl;e)cc‘))gdl lgtrl e?)len I}“ﬂ%ﬁ%ﬁﬁ?ﬁ?‘i@ga Ire ’&é‘ielarggq%tﬂe

appar at us anpl es _include that the functional. conponent esi gned
20eh Cha: T eRiR SRmPAY s Spera ot BRocststy bt QD inglgnBed) oy Pe Hertit nes t ha
are present on any chanber_ of the apparatus. [t is preferred that any such
cutters athe coragclianetisen the fmstianal icompppent jgad dhe arh el theapparaiusiwerenat | f
they are used to cut a seal of a chanber conprising a fluid sanple the fluid

sanpl e doalso twproyite awel&arical woonddiien sufficgsnt ita proividespaiveretb dhe lfierctiotal sur f ace
t ensi on.

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 armand fitted onto the top of a
chanber as required. Optionally it naybe designed to conprise a lid that
can be again fitted onto the top of a chanber if required. Furthernore 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

erein mﬂﬁﬁ‘{}? hfte FRVE dl%g&%)gﬂerﬁ%%gge A5da © 1350@ ef’flﬁ’éi“"}ﬁ@?a{iﬂgtrejt?hae anal yt e

Furthernore t uncti ona nent be used to nove ei
or a reagent,fromaone chanb Q he,platformto anathe hanber on the

ol at t or michtht R Grd SR BRa TR he BluioE (b uiitnd P bR Bl BRA 2 ond)
conjunction with a solid phase binding agent suitable for binding the

anal yte ém tsugls afuactiongl compengnt isrgsed in commaction With selid Bhageli ng agent
and the anal yte or chem cal reagent are placed into contact with each other
such t hatbimling apérd suitahie fer bindimgdhe Thayfelorcieagemalas desirgdaineng cosplexf or novi ng
the conplex is then attached to the armof the apparatus and |owered into

the firstTHeh@lacshasé birfey bl and iBe afdlPleor dhenAddl masgeatl afeOplab inta/NCt i onal

conponent, the functional conponent is raised, the platformnoves such that

a_second haRber SaPWRASHIORRE Bd5bIdk NErRhD thiial UEL ARakogpTPONeNt

| ower ed an e ‘conplex rel ease S Vi ng the boun rom one
chanber to another, Since it is necessary fo he _functiopal conponent to
e abl & (SSTECAGHIASEHET BONIE e BT Rt ALAeheh i e anny ofdbe SPRAEtD! ( he
functional conponent will depend on the binding material that has been

used. Furanddowered into ithe fest shember andescribed. fThacompley iscalimpetadrie the able to

deposit the conplex into a second chanber of the apparatus and as such the
i nt er act i fanctiveklhesmpdrent, flie dirctioad] coaipoaestrit raisel, tthe platform moves such

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 bmdmg agent both when it is in a gomplex 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
conplex with the analyte and al so the binding agent alone. This has the
result that not only can the functional conponent be used to nove the

corrplexfr tg.a I It can
add or O\Qﬂéi% Bﬁgggﬁé?)d‘ﬁﬁfére%éﬂ?& Eﬁs% b%f%%gﬁe%aﬂgﬁei Eggggar/rg f—"?‘ﬁ? t#“ﬂqw red.

17 AW|de variety of different sqlid phase b| te be used
provi ded the¥@re ¢ %V@P@%taégettén‘g)’tﬁdo ‘H@%S‘P‘@ xa &}n%l eéla onpl ex.
Suitable binding materials can be readily determ ned by one skilled in the
art and wrdn beispdibiidegermined by ahg skilledhian the g apd stild dependrouaiip lasalyteraniude
silica beads, salts, reagents containing antigens capable of binding

anti bodi eﬂaeoprofal‘dél.biBﬁumgepriﬁl@dmsiliamdaehdne salt ereagéifts [Wonflinifgg Ghtigénde anal yte
to the binding material can occur in a nunber of ways. The analyte nmay be

adsor bed %%af)ﬁ%fsdiﬁé %nf?lﬁo&:&eoﬁgﬂﬁ' Hlﬂdﬂ%&%tbﬁh ian&"t}}eefﬂ@t ‘I‘H@B?ﬁd]nghe gy be

absor bed t he sur ce of the binding teria ternative anal yte

T ernat 1 el fecine e e R G inaur B oo ﬁﬂfeh%‘%ftﬁmaﬂg

mat eri al and the anal yte or alternatively the binding materijal may corrprl se
bi ocheni cBe adsorkediig the susface af His kindipg BiaFf‘ﬂlPh @ltFWétl‘é?JEéﬁ ey be gheariadefo

guestion. Any binding mechanismis suitable for the present inventi on
provi ded theaturfabe of thedbindingsmatefidl] eiternativelysthe amglyieiotaytbeadttradied ko thdi ng
material is noved fromone chanber to another that the anal yte renains

attached bpdidgemateridi By OBISHbA chargds, bRerfAtdfety Feshd] hihemidae tohaglnig of the

analyte to the binding material is reversi bl e such that in the reaction

chamber t e qiPbdwRes e Budits GhtddaP Thi e BhAIHNS LAYy R binding

material may comprise biochemical binding sites capable of binding the specific

analyte in question. Any binding mechanism is suitable 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 afier 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 ssolving (solubilising) and the |ike. The binding material can optionally
be present in a chanber prior to the addition of the material in question,

al ternati ﬁqg éférr FthaP 6311(3 ﬁ&%}n%te?la(: @?rﬁgﬁsres %%%fe?& ; i@%6UakL Oku@ihib e

mat eri al , urt erm) € reagent nay be

formul ate uch. th ndi n ent .alr i's
prefer: edg‘?aaﬁf“ %ﬁ?%ﬁﬂ@?ﬁ%ﬁ%ﬁe’ Brofisitn aBY ERGRE A2 sgfqa‘gisapr&@g&é

Sui tabl e beads include those supplied by Roche, Pronega and Estapor. As
such it i thabherfanetiogal ﬁmoneﬁéltﬁ‘ﬂgbﬁt# msanetde ipEpk the beagds|are a@raatedﬂgnet to
whi ch the beads are attracted or alternatively that it can be used in
conj unct i altermdtivielyathabiinedn be usdd ih cérjendhiendgith at magmdt .toIwhick thérbeakor e
preferred that the functional conponent conprises a sheath which provides

an i nterf xegctbeft s eherbioge PRIBTed @Hat e fumetibrg cbﬁ@oﬁéﬁ'fmtﬁﬁpr?seéj atéh%athCOWm ex
itself. Preferably the sheath is | ocated on the atformand is made of a

mat eri al o] will be
attracted Cﬁ érﬁﬁ %%ﬁ%gg%%%nﬁee ?grce&g)}e?‘e% at the
appar atus conpri,se_a t co-|ocat W t of eap ar atus that
can be | ofPRigX jitselE tﬁ?gpg‘ﬁ’i’é@w ghya tchalﬁ g,at%f{ d-H%tp?aégﬂne @P5&d out of
the sheath to renmove the magnetic field. The sheath is then pI aced into a

chanber ofmatenigl syshdhattwhenctbapragoetng inside the sheatle theptassplex wilk beratirsetedi s

| owered into the sheath and the conplex binds to the sheath. The sheath and

magnet ar g theshedthi Jaduciht ahtidiméemintvasfesied thithit apparais Coaiphies ai S
al i gned, the sheath and nmagnet are then | owered and the nagnet renoved. Wen

the magnet co-located with the arm of the apparatus that can be 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
that no conplex remains bound to the sheath and will also act to mx the
conplex with any reagents or solutions in the new chanber. Alternatively
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

t he magndt isprefetraé tieat theaappacktss griesigheal such ¢zt ohe onitdie eanponentsesf the t hout
affecting the operation of the other such that the sheath can be

i ndependejpbhidtisaah B RELEhEPFRREtheWlatforRY andl fehowbd Fog) MRUMPhrabR. PiAse. This
operation can be repeated to renove either the conplex or the beads

t hensel ve rd h t.hS. pre tus is
desi gned zsilt?gﬁ t?ﬂcg}aﬁ(y;e]res tgrb %tﬁgérigfycrgé}l%égeeﬁ%ér 0 getéég %%Q%?%@gggﬁa?%ggdet ached
fromthe platformand rempved fromthe, apparatus,. Thi s | I ows, for chanbers
to be reddileforeOpaiepyse ForpXampts A W%éggﬁ@rcgl’fdohe B?Inqtﬁ@ lab‘ﬁrlaf%% or
before or after use. For exanple a fluid sanple could be renotely | oaded
into a sumple chambereandhilie shmplsa plamber Hheb dpadefleinto dhelaatforop of Hbe pl at f or m
of the apparatus of the present invention. Alternatively follow ng the

pr ocessi ngppafatishef theapresent iihventipnbeAlterabtively ffolldveingi thalprodeasihgrof thonpri si ng
t he processed anal yte, can be readily renoved fromthe apparatus of the

present i it ?daz\ry}‘wdsbﬁﬁ if'TRE SRAY %995, PompHEiRg irb&esedd bl 2l

el sewhere. Sim y It may be us ohe of re conporients of the
apparat us_c be al ternat,ed dependi on the specific,use of e_appar at us.
For ex anpﬁeg‘ﬁg‘ﬁ@%ve{l %@n& #é?r’r??é’raga%ﬁhVnQS r%“rsf’@emé{g’ﬁ%‘-@r‘? o “‘iaggﬁ 8ht, the
specific required reagent .depending on the test procedure in question. If

such a  processing of the material elsewhere. Similarly it may be useful if one or 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 codg and the lik.e‘ 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
exchangeabl e chanbers it is preferred that the apparatus conprises a

| ocki ng means for securing the chanber in position during use such that the

chamber s Hgs aigéd prafeteediiiet the abpaatusby dedgieduch dtit Heawhele platfomntdagibeore it is
useful if such exchangeabl e chanbers are colour coded or marked with a bar

code and ' de Tsein&aNml ' LG ﬁa%pa i s required
for whi Chfe&ﬁoie&'{aﬁ%%%%%%hagédan op?f onaﬁaggg%ﬂrr%ﬁ'i g‘% H[ggr ogéess%lé simlar
reader the appargtus itself can.identify. th h er bejng used, an use
this inf oﬁ%&g&ﬁna\%“ eéilt é‘ﬁé %Qﬁ%nq@hys%% atﬁﬁepclﬁﬁ-glg’? a%he'grgp&vgd ﬁr“acessi ng
cycles. 20 It is also preferred that the apparatus be _desi gned such that the
whol e pl afeplaces éxallo use efihretpparany inaai further pracadwe. Ifithesapparagigsistsnat af t er
any given sanple processing sequence the used and potentially contam nated
pl at f or m desigded it isprefentedhtidt thegidtformcah beatddily andeseafrelymowpehingd the i n a
thither procedure. If the apparatus is so designed it is preferred that the
pl at f or m gafhrdtes fop 8yl of V3O foreREMPRI WsinFRINIQdit WiitCa éiftple RERAr at us for easy of
use for exanple using a twist fit with a sinple |ock. The apparatus of the
present invention may al so conprise optionally conprise one or nore further
chanbers. Depending on the use of the apparatus these further chanbers my
have several rol es. exanp] e of, such chanber woul d. i ncl ude one or nore
chanber s B@PRETRG oL e R FER GuPIioRARL A5G AP PREIPTENE CPBEIRG & 9t ¢ he
sanpl e processing prot oco]Ia foaimgi | uti nge(g(;{m%vashi ng ';[hhe sanpl e or
al t er nat | wery furteer ohastiersy Rependingtondheis apparates theser furtbérnhambersaf t er use
to prevent contam nation passing from

may 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- determ ned sanple processing, for exanple a cell lysis agent such as
chaotrophic salts. Such chanbers can be pre-filled with the required

sol ut i onsthaf a kpglefMnstichal cofipordal i rRGlirddetol o BaRiteHSSr OptibRdlly the M ni m se
equi pnent required in the field, to prevent sanple contamnation and to

m ni mse [i d [ al:s . chanbers
required édﬁgl%t@]sgcoﬁlgggﬁﬁ#@gﬁ%%ﬁ&{#ﬁ;&%ﬁ%@% gn I{i} 5 n f@g% Ozg en
pre-determ.ned sapgpl e .processi rotocpl . Thes chanber be used in
Phe pr ot ottt byt il SEGER o S BhA AL soraPtih pr ARty dh otz ot

descri bed. Alternatively the reagents can be noved fromone chanber to

anot her a@grereagenie gee frpesg. drigd erae thex putside cof - suitableyremayahblecattaghmpent npv ed
during a given protocol it is preferred that the binding conplex is the
sanme i n ewhithcanebs nadved Ay tHeafuneticriah gbmpbdnentt | Asalicle dreporagents ican bequi red to
nove the materials. Optionally the apparatus could be designed such that

one or NoffrolfRACHS the SAfpRd proveity PRdthcdl BARe fHhdtRMal @BBordie Ut er
surface of a functional cornrponent or alternatively that one or nore

reagents ar. r ri i 0 |.t.ahl abl e

at t achmeng gl ESafepBlaRtnR v BRI ofiite B3 e PRI Bl e
reagents can he _introduced. into the sanpl e processing protocol by the
funct i onaF‘ﬁE"&ﬁ%gﬁ{n ouigifle obthe FosBonab compepentn nE S‘HEﬁ% reln%ﬁﬁég]éd into a
chanber and the reagents being solubilised fromthe outside of the

f unct i onakttachmenhean be Tireexampleasiinply & piastib bedy atithax metalttipcwhichesahide exanpl e
simply a plastic body with a netal tip which can be noved by use of a
magneti c Héoped byndde eOARRAEBtc FttibAal\Unsibnesn @R te which Begents can be

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 smalil
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
renovabl e attachnment can be batch prepared and it overcones the probl em of
rel ease of small magnetic beads which is sonetines hindered due to the
surface tension created. A further enhancenent is that the reagents nay be
freeze dri at different heights an e functional ..co nent_ o heat h
Such” ¢ hat BheRRseR o BESE Jorsgray Sareiin of PR el R U GR B anemBlecBor e
freeze dried material into the desired chanper. This_ allows for different
reagent s thopwlations mey |diferin their qpagngkic propertisaallowing forrseparation ofhhosmt s of a
gi ven agent to be solubilised in turn such that it can effectively be added
to a reactwithnstmngeumagnatier properties frbinsthosgawith meakdrgromartienfrern atteotheexi bil ity
of the design of an apparatus according to the present invention for any

gi ven protiefelthe séhé figleibhyl dobfpoAc and bpisaramay dedigd Bﬁwﬁwv&ﬁgwer al
di fferent popul ations of solid”™ phase binding conpl ex erein one or nore

di fferent " ' : C ' . .1 s useful
it such divPRRg hEMhApICHRIL el RRUAE BRDRMME N 12
characteristics in, the solid phase binding,.material, conprise small, 22

di f f er enc eI §128 FIRGTCo Fharge (huesTencs: PTORETHFS: | MlePTPPHiISS gﬁ!enpwerts’f idns. For
exanpl e the populations may differ in their magnetic properties allow ng
for separ s@ppbed gichithatssach @if these cowd e userhigrispaatepdifisrent pepnlatiopmvithiize wi t h
weaker properties fromeach other using the sane functional conponent and
appar at us aeapparatost actordihy foy thearpyesot tidneention.r erigii fofthérthenhagesetthe fiel d
applied. Alternatively the populations may differ in their size, electric
charge, fl B36; o. j : ' e ' lied
cUon t hat TASSRHEREE BECRRES as BhEl AR Ay SAIR P dlR o
within an apgalrat us according to the present invention. This further
enhances tH&" o

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

23



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 of the apparatus include buffer solution selected fromthe group
consi sting of an aqueous solution of potassium acetate and

Tri s. hydr aehpiefcedle, ThiE ABwads gRSSmahipaREbA Gtepotdlbtan iaf theofias skdantkset at e
and Tris. hydrochloride or an organic solvent or mxtures thereof; a lysis

reagent  suenudte 'O AN $holsldial Beg GRS 100 s RS NUCL €l ©

acid anplitication nore pr y a reagent selecte romthe

group consjsting of nuclei.c aci rimers, nucleic acid probes, fluorescing
dyes, enz %#‘f’%‘ig‘f’nﬂ%ﬁl@&sf@g‘%? CUrI A 8CPBAPER1 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 ect i on hythetsore ome .or Foore echampéms of ke sppapdtes miayg miserbendgsigned gudtethant egr at ed
wi th a second chanber containing the necessary reagents for a given

protocol . théy {o8'danA be \tembveab aRAEd IPihe GARTYTItRE appipatad. eTRisHIMs 3hA/AJF DY a
menbrane which can 23 be pierced. This allows a first manipul ation step to

occur int 1S ' el hal, bei ng
processed r?@l%gtae%haﬁ?gﬁgae%gﬁgxe%&gﬂgﬁ%@ﬁ&%ﬁg@%%ﬂﬁx iltrr";wsf’?'li %ﬁf‘%ﬁ@r@ és)t ep to
occur in a_second area. .Furjfhernore one or, ppre chamhers of the apparatus
may al so At laﬁiéée Jgsan toy have R ogss guehythabany &?ﬁ@am}o‘aﬂﬁﬁ@ﬂéﬁe to the
armof the apparatus. This allows that if required a chanber can be
mechani cal plgtforeneancbe lawered,hy mspey of the. armpthrongh the regess guchtthasritncamy be
designed to have a recess such that any chanber renoved fromthe

either directly interface 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.
Altematively 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

24



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 apparatus manually by the user. It is preferred that any chanbers
for use in the apparatus, especially those conprising pre- dispensed

reagent s B BeSRRl EiliBled 5,RAL W SETBHEACHHGENE BOBEND meoaBbA N2t | or

or degrada Ion O mat er | a pri O O use er conprrses one or

nore di fferent chanbers separat ed a nenbr ape prefer t each is
seal ed se‘ﬁ‘é(Pg’ @@oglgaltmtpngﬁ ‘%8 PEISERER aﬁcﬁlk{ﬂ ‘dﬁg‘ﬂ‘&f Agb‘srjte‘l1 Bar ed neans
for sealing such chanbers is by use of a netal seal, preferably a |am nated
nmet al seatould havethe sgal vasessed ifions theside of] ﬂmﬂybwhwwom@ﬁryﬁe sentact| wigh thei ch i s
seal ed such that after collection of the sanple in the field the lid my be
cl osed t ouger evglst thedid ia ibeingtdlesed. Préforablyothe sealris revessad fidne bethngides athanber
into the apparatus. It is preferred that such a seal is recessed into the
lid of thgapPaicRika tBOsdall @besitfttohfast Mtﬂ tlhesué& Qé&d’entéﬂ}ﬁbéﬁi% dwefngf | nger of

t he user does not cone into contact wwth the seal whilée the lid is be| ng

cl osed. Th reyent N nfr

cont an natPNECeR LR IS, &F MATAhiRRh T I £l AR AT Bostieaf gy 7 s
Is particularly inmportant where 24 the user has collected a variety of
sanpl es f Veneldsaifddid pempiting jagpsmprang k@d%@“q HY thal dhe, membganeals” nat er i al
that could be present on the skin of the user. Such a lid could have the
seal recessessed mothin the 1&i. ddnysealhean ¢ithembé tdmaveddy thepperatonpaiot toviseh t he
user whilst the lid is being closed. Preferably the seal is recessed from

bot h si desf tHe cHahidet.| Aletfivélyahe bhparat@s catl s Fﬂs& a eoférawhichi it Ableh® user
accidentally before or during closure of the lid. As such this invention

al so 1 el ahESafeOndhhhilally>d'gidBs fnyf Salss Poytired 3k déscribed set out above.

T g

One 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 1n 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 prior to use of the chanber. Alternatively the apparatus can
conprise a cutter which is able to operate nechanically to pierce any seals

2 od ¢ R e SSIRAY Btc N pTBRKS 1 ONATEAIAY o MR SPATRERR o he

appar at us nay option conpris rapping e r appi ng
marrbersmclueamcroflwdlcc .a S hagse nmater filter,

[T ber st SRaretan Soek ey i faeglly Senasbeich Ba0hex, B Perlatvered im0 & se
exclusion colum, a capillary tube and m xtures thereof. These can be used
to filter givengshamber, lpeated dirpaily benenthy the meansoas ceavired tagd: then aespeyest us or
alternatively to provide a filtration step during the sanple processing
prot ocol fibnr égwhamber Adernodangersequiredt Sinee freopletfeimn of die bfyaraastiy e nay
I ncl ude physical processing steps. Such steps can include thermal,

acousti ¢, gpIRith Gitlve, ﬁ%’ﬁh"a?sb'rﬁ&ve ® ﬁﬁitfoh%'y ﬁéi’ﬁﬁﬁﬁib@ﬂmthsf%gp%'cf‘ﬂ) Qichnpni toring
technlques and the’ li ke. Such physi cal pfocessing steps can be delivered in

a nunber & ivered to the
sanple w ?ﬁysﬁéaflbﬁ):?gﬂ%“ u5| ng %&0 Hg g’ 6 %ﬁ’ %gamﬂggﬂgg e¥l Deetr st or ed
on the platformand npved t he, ar of the app tus de crlbed

Pr ef er abl $hat e Pé?ﬁ%’é‘lna’csu%ofﬁﬁéy "Bﬂie“‘é?e §$‘§EPH%rR§B’é’§§]| ng nmeans
whi ch are positioned 25 within the ap rat us above the platformin a manner
similar tgrachssing meafs if required pExamplss O&n@h mesahisichide, hud exd tof lisaitsdgoed such
that they can be lowered into a given chanber, located directly beneath the
nmeans, as pieafs!for ¢-atipithe konteris rof\aehamben rhda@s ccbradmatm@ﬂm coatenBNgRr
reqwred Since the platformof the apparatus is able to nove, it can al so

move 10 PRRihh&N adR¥arld FF tnf AR iV dpficAIeSPRA linfo®a Shathber, a means for

D

detecting an optical signal from a chamber, a means for iniroducing 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 W(098/24548 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 onal physical processing neans if required. Exanples of such neans
i nclude, but are not limted to, neans for heating the contents of a

chamber, SRR Sexitie ¢ %&a&&mc?mgss?sga%%ﬁeﬁsu@dy B HRAY be BarlBaar 1 OF

i nt rodum ng an optical signal neans t| ng an

opti cal naI r Ci r| C si gnal
into a ch ° B{ ?fﬁ{’%e“{aeglggétpf gﬁ"SF leogp %’ggzﬁ p&gggﬁg ? ﬁﬁ)ri se one
or nore of the fo ans f.or, heat. mean soni cafing the
contents &tonip WCMP%YQ‘HQSEO%?FW%%WH EﬁhF)ﬂpﬂ%ré‘F’éISﬁwa etdﬁ%‘gﬁ?ﬁipar at us
is used for processing a sanple conprising biological material prior to
anpl i f i casian that\ the rohamber lis/ pasitjpnasn farheasi eandoeffickent aopess dovanynmeane

nodi fied such that any material it contains can undergo the physical

processi ngeqiiiel for dig’ pEysioal iptodebing. appbérn thesapparatih Bnudedetoappadssingsa | S
nmodified to i ncI ude tﬁe required additional conponents ora}ﬁ@ thegchanber S

d d f
s b T e

exanpl e i he sa Si ng e walls of t he

chanber heat nt.s | allow their .contents to

war ned, QIBF?%F 98??0*‘%%?&&9{?@5@% t?/é Wm’aaﬁ g‘ %Pcﬁ‘m C'E‘Eﬁlduct i ng
pol ymer such as that disclosed in W98124548 such that the chanber can be
heated byolryanddhasp Bpasparent srindayy sech that-this shamberecannke wead) for dhe one or
nore chanbers 26 nay be flexible to all ow acoustic processing, or

al t er nat i wehductihg yndregal timetmemtopiag efithe anplifivetion reaction. wavel engt hs of | i ght
to all ow optical processing, sensing or nonitoring. |If such physical
processing is required the apparatus shoul d be designed

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
processing a sanple conprising biological material prior to a nucleic acid
anplification reaction it is preferred that one of the chanbers is both
coated w an electrically conductin ol ymer and has _a_transparent w ndow
Such ¢ hat TIOR8 st aaVedtn et of i BrewmLTRERG iy JPRaTAD b

moni toring of the anplification reaction. If the apparatus conprises a
chanber i fesignadHoomprise adimstipnaloamponent; Bglugdingvphysical pracessing meaisy ed t hat
t he chanber has a high surface area to volune ratio such that rapid heat
exchange odhcloiseither dired oaxtheplatfonh andisthich cahdeimsaveid so aperatei ih tleer santpldbe. These
are ideal for the rapid heating or cooling of small volunmes of fluid

sanples. lgisedig bycise dfOte N UMIBRRAVENSE Mayobordphidd hlysilhuekdngan be

difficult 'to load the fluid sanple into a capillary tube. It is therefore

optional | t | . A D] r .t hat the
i d st EnE A e b MEShaR W R BaE BhkerEr wiERY Bl SERARE P Rte2
force. This praqvides a further advantage of havin n essentially circular
pl atform mﬁcﬁerﬁ&ﬂgrpﬁmﬁigﬂ? SR 3 PSOHayt it 3{@6&@@ fhoge {1%3ps 4 |
chanbers containing fluid are designed with a recess such that any fluid

Wi t hi n sucvhichansiexpensive andotequiz pewerdo dpetatayare Hecatesk parmanensly witkinghet f or m

It is additionally preferred that one or nore of the chanbers is nounted on
t he pl at f clpparktes BBove fhie\plitfoatis fort dminfylda e@inssior Reatinfal £enypleyhi Jginstfbe
platformis rotating such that the fluid can be driven into the capillary

tube. 27 TBEHCAHR! £ s@pRndOME 1AROVE) plelb RBIALdtarRinatiCle bBIRRER ke bvent | on
e e e artu

may optionally D Igned to conprfs cti1onal conponent, 1 ncluding a
physi cal 3 Ca%f)ésrla&g {hece 'Teans should be cleaned. Alternatively the platform may

comprise chambers comprising cleaning reagents into which the means can be
lowered after use and this washing can be integrated into the automated operation 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 inteérated 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 processing neans |ocated above the platformwhich can interact
with a given chanber by being nechanically |lowered into the chanber as set

out. It i ight edated €6l enb@t {hapske MeRBEon \vhn Qrocded Witheutsint@faatter fomi re power
to operate are located permanently within the apparatus above the platform

for examplk idenfRERS for heating a sanple, a neans 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 _and this washing can be integrat,: i nto .the autonated operation of
t he appar dtg§8ppagrtys ftsglf Wq}avwvmiem%af enf Aesigns; shades.GHEP apbtA%onent s
whi ch can be readily designed to be disposable are |ocated on the platform

and are mbeadade ofhntahy differend imaterinls dppendingson Ae sprefific ase.t Ho ader ©of t he
operation of the apparatus, the entire platformincluding its constituent

conponent snififfisd the’ @D YE thef dpardticariipasminesthand is decroageslyoiibble iniss
m nim ses sanple contam nation. Exanples of such conponents include

cutters, ?ﬁ@%ﬂﬁt%@@@%ﬁ&@nﬁﬁ%&ﬂ&a%hﬁabéﬁﬂgrﬁgf%i%%ﬁ af 4P! ex,

filters, e apparatus nay optlon e integrated with
further ns for.manipulation of the alyte i uestion or nitoring the
anal yte. w3 Braediia dpp Ratinle pelyeReng oF pelerbiieas doliestoBibe apas o
of detecting one or nore materials in the reaction chanber. |If the

appar at us aeoiipr ider ophulggdiene-atyrens: wpelkymer o mixtures thereok eBhe appagaswy @ict i on

with an optical detector, it is preferred that the optical detector can be
28 its component parts can be transparent or translucent or opague. 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 poﬂabie 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 ii 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 designs, shapes, sizes and can be nade of many different

materi als depending on the specific use. In order to minimse the cost of

the appar ghiisna? Merfite® 1 Helappaiud {5 sb SuforiQIH Sbrleferiddahhicit 'csmgxs'%segpi ef erred

that the chanbers are manufactured froma cheap material such

t her nopl ast i,c teri@l for exanple.polvethylen | ene

pol year bofatiel T, Bt prla it ROl ol ol FEafilcRBE HHEARL oHfe of ¢ s
thereof. The apparatus qQr . its conponent parts can be transparenf or

t rans| ucefRmple %&.“gﬂ%tf%émlwfa?ﬁﬂcsch W@P@fg’cgﬁ ROk HM%ur coded
to help direct the unskilled user as to the correct use of the apparatus.
It is prefheiomation iradesigned topminimiseshe timp oequitiet dorqrotessingta samplean be used in
the field. As such it should be light weight, be of a sinple design,
require the m ni mum power and should ideally be designed to be used in
extrenes of tenperature. It is preferred that the apparatus be designed to

operate e k ! ; r : - : out
150 G 1 ¢ Ersinielel of ol GIRRE ALitiA. pRUBS of 4 ASMEL MBI
automated. Thi,s has., several advantages including ease of use and reduced
user erroPre" qewpa@pngocg tomate the apparatus it is likely that it wll
need to interface with an internal or external conputer or other suitable
control neans that has been suitably programred. Optionally the control
nmeans can be chosen such that it can be programmed with nore than one
prot ocol dhis frdventiaemlsoarelatbode théaiselaxfi are dpparatus cawcofdingnta thelipredshie 29

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;
(ii)  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
chgmber 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 cycling of sanple chanber and al so for control of optics.
Preferably the sequence of the automation is designed to mnimse the tine
required dHarackirized 56ihadthe agalyRl is sulgaa@di{d@ﬁﬁ}%idaj plodEssirpvstey eitHer okl i t at e
processing of a fluid sanple according to a pre-determ ned protocol. This

i nventio {aﬁmﬁﬁﬁﬁfﬁﬁbkgakﬁﬁcﬁéﬁbaf an apparatus according to the present

i nvention for the processing of a sanple 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 chamber

| ocat ed ol isprefrrediiaat e physicabprosessingstep(is p sopicainnrsien praliematiyely thay a

bi nding material to forman analyte - binding material conplex; (iii)

| oweri ng # iseaheatingrstepev dusthbinyoratit ispteafergeds thatl theo metleod amd ang atldtetli r st
chanber and allowing the conplex to be attracted to said neans; (iv) raising

sai d nmeangpdaf4il ifdenldd HedigredastbR that (tNe safRpleten PRI didRicHall sibjested té hat a

second chanber is now aligned with the neans for reversibly attracting said
conpl ex; (1) .10 | sl far.r ' i hd -conpl ex
o the Selicl BBkl R7RIH Bl (RURES Wi in® AR oBP SRTHEERIT

_ - . . h : . hvsi cal
gvra gg Zs s ?g ag?erélgg t@fe:{qpéml > egqlehg Pf’i‘g é ratngg OP dr}%}e%/én? seln?plg lfnb ceeg':stinegdprto?ocglls.p ystca

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 achaotrophic
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. Furthernore it is preferred that the nethod and any rel ated apparatus
are al so designed such that the sanple can be additionally subjected to a
chemi cal BpRGRS ?éamanﬁtc@ﬁcafﬁxawdﬁho linftof R Whiptifchiddn fGH RN bsARBIE
flexibly adapted to accommbdate a w de rangé of different sanple processing
protocol s; i.ng to an even further aspect this invention relates to

t he use o?k%ﬁﬁéﬁhggggéccording 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 lyre any cellular material wthin the sanple to

rel ease the nucleic acid material. The lysis can_ optionally be perfornmed by
a chemni calAckguding totampevieorfurherraspest this inyentiamhalen ralges to the aageha binduolg as
guani di ne hydrochloride, or alternatively a physical lysis step for exanple
using a sofuteriil @fi aqrappetafus Meoidiad totheQirestns aiviehtion Fordthetprocassing ofusef ul for
the initial disruption of spores that may be present. It is then preferred
that the J r i rent chanbers each conprising a
buf fer togﬁélﬁtpﬁ%té%na?@tgg&{ahaﬁe%gﬁc?%@Iggérgpor%i' sing ethanol optionally with
detergent and other optional reagents for exanple tris 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 nat e Figures s 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 optional real time optical analysis to nonitor the

anpl i fi catFigite 1 8B6WS 8 Pepettivevidw ¥ethy apparatus.

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 invention for the processing of a sanple prior to a nucleic acid
anplification reaction. Figures Figure 1 shows a perspective view of the

appar at us pidnr@®sBows §BEB%’§ s8ctionBASH B BR PePition PTG pHiRical probéssk grméaake
apparatus fromthe side. Figure 3 shows a birds ‘eye vi ew of the platform

Figure 4 ﬁE&g"?mémﬁrt‘B?@?&n“g“t Hea‘{'a%hﬂﬁ b1 Qc?oedﬁxtéx? oP&xe%hL&iQ&E ﬁ?%
conponent ere | erci ng 73 na br ane on anper of the
appar at us. ure 5 shows a V|em1to |Ilustrate the detail of the at t achnment
of a funcPPEﬁ S component, 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 Figure 7 shows a cross section view of the operation of a physical
processi nFiguwaB showd e lcfoss segtivnsview lof kieadperaggiontad ahfaattichal oémpenedt, ke ution in
one of the chanbers of the apparatus. Figure 8 shows a cross section view
of {he oPGIaLdmyiR] a fhaphiieh rBRL BTN GMIyIRoThe FeabifiRlibmbph h @ magnet fo
rel ease the bound analyte into the reacti oh chamber. Figure 9 shows a cross
section view of the reaction chanber, here with a functional conponent,
here the cutter, in position to seal the reaction chanber. Figure 10 shows a

Cross sectjon of alid of th resent .invention wth a recessed seal .
Figure 9 shows a cross sectei\oxg3 view of the reaction chamber, here with a ﬁmctlsonal

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 chanbers and functional conponents (detailed in Figure 3). The
platformrotates driven by a stepper notor 6 and a drive belt (not shown).

The posi i on. of the tfor LS ni tored, ysq n .index,sensor .(not shown)
al so by &@%ﬁ%w%er{tﬁg%%ru%%?n%ﬁ% nf‘ar%letsf“ellpéﬁjé’& gﬁ%?’ & t'or E@@gi’%&dg‘bove t he
platform2_is the arm 10 that conprises a fo 2 for renoveably attaching
to functifo®ayre h%%ﬁen%tcgnw&d *anéﬁdmpérdact%ortift aﬁstlmearnmowmqmé)fﬁh?n 10 is
shown in a raised position holding a chanber 68 above the platform 2. The
appar at usheatingmeansphG andshe meagsfor samicatingta sample tShissdmilar drivdnybyahotor t he fork
of the arm 12. The magnet 14 is shown in the raised position. The apparatus

al so  comur dtfehedatoltiivel balk 2PPRSindRridublly Sohtiollddssy linwapaelarboY® atd12g pl at f orm
2 and shown in a raised position. Furthernore the apparatus conprises a

means for ' i a%m? é&]é | 2 and
shown in rgﬁfr%g‘:'ﬁgl d ’g%s?’btﬂ on. e ;Lg?%l %gégﬂriﬁﬁ \%&gggﬁgfﬁaﬁlgpg%éi%ﬁand t he
magnet 14 is driven by a notor 20 attached to a drive belt 22 and
controlled by a linear actuator 24. The linear novenent of the heating
means 16 and the nmeans for sonicating a sanple 18 is simlar driven by notor
20 att acHdaured? shawsea Fangverse Ginss sepliony pHthel appatadist ofothe awesspt invertion. act uat or s
26 and 28 respectfully. The apparatus al so conprises a control panel 30 and
a power sther com@shentsFshgwnear2 thécamae as tthase shewneandFigare 1 sexceptothatofindahe
apparatus of the present invention. The conponents shown are the sane as

those shoypatdy J4 @' ot be@ee® Bont BAS vieWD ePhis vadv adifibnaAfy G@%vsNRE dHe Seen from
this view This view additionally shows the drive belt 40 attached to notor

6 f or rotahy M9 ahflBeR 18 LIRS %xdrogtgtﬂfgo{heziﬁa&"oqjﬁa S8 45 For sensing the

2

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 nucleic acid anplification. The platformis nmounted on the
apparatus using a twi st |ock mechanism 4. The platform conprises two

f unct | onaboGRRRANERH 70 Hatllob'mE Pmlter 3o HEALIWAR hERSH oF WCkdraRAs

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

conmponent ' r | th the armof,the apparatu t -shown)..The lip is
o1 o0t at oA SERRR, Chlmbleh b o B B U5 RR0E L ahY SpilRS 2R 0T | 10
armis able to slide under the lip of the functional, conpgonent. The

appar at us Se8keEs q:gutgs @@9’&‘?@2 a{ﬂf&ﬁlﬁéﬁétogs@,er%%smsl@,cogg}n%lﬁ- d8isand 68.
Each of these chambers has a different role as set out below. Chanmbers 56,
58, 60, 64pnt8iheny®isaletdchable frousthepdatformn Thedlafomprdlsecomprises alcar away! |

recess at the bottom of the chanber 560, 580, 600 and 640 respectively.
Chanber 63ectiop 78l rcul ar 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 conprises a lip 70 that allows the chanber
to interact wwth the armof the apparatus (not shown). Chanber 68 is

nmounted i nR,the apparatus, using spindl e 2 mount.ed i.n 5 socket,s 74. Chanbers
50" and. 62 tedsrat e anpiiaysand oo Hadorar Fop e iBeaRAal A0 SHRER pEBhIca: ner 70
i s detachable fromthe platform The platformalso conprises_ a cut away

section 78uclifeacid ampfificatonais gt auiibelawawitly sefsreace & e shoveHisuweso®ikssi ng of

a fluid sanple prior to nucleic acid anplification is set out below with
r ef er ence atlditivhallyafignres 4 ig@ir es 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 sarple 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 underneath 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 fluid sanple conprising a DNA analyte is collected and placed into
t he sanpl e chanber 60. The sanple chanber is preloaded with a chem cal

lysis re PHRRd ' | | g | 100 _are then
added toqtqﬁ%%sanpwgcga% sst%ﬂ§rlf’gf3lng(§ftﬂ§8pé§9n%‘f éf%gg*cglg%ag%o@%g?r&g%g The
cont ai ner_ 74, c risin anpl e .chanber 60, .sanple and rgagent. chanber 62 is
| oaded Orﬁgﬁ&rgﬁfglpmxggaﬁq@pp@p@ezn 180 SPB‘X&EB“ tq Fﬂpo“f?lgﬁ r¥¥us 1 and
| ocked in place_using twist lock 4. The arm10 is |lowered and the platform
2 rot at eccxsuple Hhf haappyrtus Thechegbsr dAde atteched to Hbe platfosn f Thatter 50.
The arm 12 is then raised and the platform2 then rotates such that chanber
56 is | digireilustates titeHip afithe 6mcHOnal Thmpanent i52 thaiensed taenigapetwity th60 pi er ces
the lam nated netal nenbrane (not shown) covering chanber 56. This is
repeat ed f@f]@@f&@ﬂﬁngﬁ}ﬁshwﬁ.er 50 sequentially pierces the nenbranes
covering chanbers 58, 60, 62, 64, 66 and 68. 35 Figure 4 shows a cross
section view of the operation of a functional conponent, here a cutter 50,
piercing a | am nated nenbrane (not shown) on to top of a chanber, for
exanpl e 56, of _the apparatus.. The chamher 56 is attached to the platform 2.
The figﬁgmﬁ Fﬁewatgyl%éonﬂﬁgﬁﬂeﬁm platcel %a@ﬁaegwﬁaheﬁta BEcifeal | o used,
to engage with the fork of the arm (not shown). Figure 5 shows a viewto

i | | ust r ateomposentehetiela atter @, tattherfoinkrd A tof de amf IhcThefietk 12cafithoamnd) here a
cutter 50, to the fork 12 of the arm 10. The fork 12 of the arm 10 engages

wi th the gigherwitngercngat indeheathithe B 52.

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 returned to its original position on the platform2 by
rotation of the platform2, Ilowering of the arm 10 and rotation of the
platformin the opposite direction such that the fork of the arm 12 and the
i p of theretesded witia dusabie dgffer, Toreexahatlé ar50h aqtdoan etlmhalie dolatich 80.hat t he
sanpl e chanber 60 is now | ocated underneath the neans for sonicating the

sanpl e 18Thd eali® FtSsonfWatifp The sHoil 1Bh§ ra1§s'ﬂnﬁb1ﬁ tiag shifipleQManfder 60\ @att he
sanpl e chanber 60 and the sonication of the sanple |s initiated. This

provi des Bd gﬁa)e&g;zgl%gagéé’ %k:& tﬁie&{ff]‘i’ ch%ﬁ@erfﬂ@’nlgﬁﬁw for t‘e&%d?rh@atﬁrtﬁéﬁ%né n the

sanple to sane Re ChM ca reagent guani di ne
hydr ochl or.i de al cts t royi de ch 1 cal, Si ny cells in_the

i adon aitaing e Srpie 15, Hheers TobSHeaiiadhe SRERR AGEH NG ol 1o
forma conplex. Wen sonication is conplete the nmeans for sonlcatlng t he

sanpl e 18 chambesh6y activatashbriefly andamised dheppnedws. is Fericatedtfor thsimbyr §8or ed t he
means for sonicating the sanple 18 is first washed in two wash chanbers,

chamber s 32Gtentid seondhashethe hreatiefos saticatingGhesamhplad® s radsed and storddabl e buf f er,
for exanple a 50% aqueous ethanolic solution 80. The neans for sonicating
the sanple 18 is raised fromthe sanple chanber 60, that platform2 rotates
such that buffer chanmber 56 is now | ocated underneath the neans for

h I h i ' l g | [
uror cHRAER S@éf’ fied Houpd AR ploond 71 Bl RO R 8BS cpeat oo
for chanmber 58. er the second wash the neans for sonicating the sanple
18 is rai sleéerawah&heoh}ééZ of sheath oy Tideiagmy 10cis thenyaised thereby rising sheathy m 2 i s

rotates such that the 12 engages underneath the lip 52 of- sheath 54. The
arm 10 i s S#Hteraboué skel platformby. rEiesplatforsh @aishthen rotated such that the sample

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

| owered thereby |owering the sheath 54 into the sanple chanber 60. The
magnet 14 is then Iomered into sheath 54 and the nagnetic beads 100 to

whi ch theTRNBNA RrHddo grieB€ bRskis! %’OO ishﬁneﬁhﬁékhé‘d% twoBuffrd Hhel S then

rai sed thereby raising s eath 54 out of sanple chanber 60. The nagnet 14 is

rai sed SI de, t he
Cheatn SaPtibdf Ad¢ Bkl I cREButt Gidfet 8F bobbinie LRl B G e,

functi ona nent,, her a she h 54, with a et 14 t.o,w { hdraw bound
anal yt e f{"bt%?"gg‘t’é’artﬁfige?fﬁa thevhattﬁé%@fmnab&ﬁén%&qeaehsﬂfst Ot he
platform 2. The sheath is Iomered via the arm (not shown) into the sanple
102 cont akngeafitracted. hEhe amml18 is hewdred, theyebyTloaveringrthe sheqth 54 intadhe befferi nt o t he
sheath 54 and- the magnetic beads 100 to which the DNA is conpl exed are

attract edcliamien@4sHR! Magdet 13 4s hoelosfedothotigh. t Thishaedmghstthe boaRAD0100 i s
then washed in two buffers. The platform2 is rotated such that first

buf fer ch 1% eICQt'i’tra@ﬂeH'tﬂgthﬁ géa'tl? SHYHR A" defBct 2 E’ﬁ{)nﬁ@ it B\@er' S

directly un erneththe sheat 4to whi ch the magnetlc eads 1 are

attracted, ,The arm.1.0 i s heath .54 to the
but for ool “RAbic aistog SHESieping SREC i A0 g etoh s SE el Tnt e
beads 100 are no | onger attract ed to the sheath 54 but jnstead detract and
fall intovemealppeveaentssensives dhat athbgads 109;as¢ rrleasedi omibe ishepth p4 epdagr m 10 and
t hereby sheath 54 in small vertlcal novenents ensures that all beads 100

ar e rel easet] mixedwithahs hefferhsofitionn Tharsbeathvé# lis thien daivered backhntdothi first

solution. The sheath 54 is then | owered back into the first

buffer 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
undemeattl the means fqr hgating 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 is repeated to wash the beads 100 in a second buffer conprising 50%
aqueous ethanolic solution contained in a second buffer chanber 66. After
washi ng the magnetic beads 100 with the DNA bound in the second buffer
chamber 66hantter #8m T insansafos ddatinget @ ksythemistoredyon fheeapracatus 1 Sar fitdrel eavi ng

t he magnetic beads 100 in buffer chanber 66. The sheath 54 however is not
returned figg.the 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 areg. 90 . separated fromt he. .upper ar 92 by .an in tact |am nated
oo ane. B8N ShQriE B Fross Seetion iy CEHE RN P ptumer Bph ek AEPy 1007 o
wat er 96. The neans_for _heating 16 is now | owered into the upper area 92 of
reaction Bergrpeeargdorhepting 16;4e g?‘ﬁtaeﬁpl‘ﬂl@e o€ slutipn 9Gdr one of thechamberper at ur e
of approximately 90C. Once the water 96 is heated the nmeans for heating 16
i s rai sedhemdhe reactioncchhmber 68)@f theapparatus 1. StheckeastivarchéfberTisattacked dotf or
heating 16 is then stored on the apparatus | for future wuse. Figure 7 shows

a Cross Sgglplaforv 2WTHE thétss ABLhadtinghedfs the Muts 96 khal i GERISInWe iBpds. here
a neans for heating 16, to heat a volune of solution 96 in one of the

chanber, : s&:‘ﬁ{)ﬁ g% %thjﬁeﬁ%?éﬁq%}h%&%t gé. mﬁ% uﬂﬁ]elé E&?ioﬁ@a%ﬁttﬁé lo%er-ggg'tﬁio RRct il on

chamber is at nmeans for heatin eat’s the

water 96 that is .held in the upper ection 92 of the_ reaction chanber 68.
The upper °E§‘€t‘?a(‘}ﬂog Ega&ﬂheft e g?%@-Fat@le ?}Uolﬂqg"g Tembrane 94.

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 magnetic beads 100 to which the DNA renains bound is directly
underneath the sheath 54. The arm 10 is |l owered thereby | owering the sheath

54 into t Sk ; ankfiot ' ed into
t he sheatﬂ;]l%g%?:agaisnpﬁgﬁgegggg?%%%pgﬁgggk??é%g?gd toottl%e&s ggﬁ]t?%\%.é The

h h 1 b ' h f N d h th
sheath ot STl sl A o'k SOBY Rl RS BT, Lo
ot bl GRS, TSR 20 L0 L MR RSEh o, 92,0 e, 26t

are no longer attracted to the sheath 54. The beads 100 are released into

t he uppereactiont ¢hambsp 68fwhene theeheatédwateh Qbixdutes the PN A frowi thesinggretial |
raising and |owering of the arm 10 and sheath 54 ensure that all beads are
rel eased thgaggnome 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 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 d analyte 100 into the reactio cha r.e8. .T magneti c
beads 10015 Biati S8k frdied sbeh Bprtve BE Pl B R0, PO SHSI Enanber 68
where the heated water 96 elutes the DNA fromthe nmagneti.c beads 100. The
pl at f or m besnapyaileaded the ageessasy reagentsnion 2 sleic agld rﬂmrg%faﬂﬁem Iegetion,niSo whi ch
have been pre-|oaded the necessary reagents for a nucleic acid

anpl i fi cadiretiyn@demneath the sheathi 54e cFHeyarnnkieis detrad theechyhleoweting the shhathar m 10 i s
| 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
position in the reagent chamber 62 the magnet 14 is lowered into the sheath 54 and
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 bound 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
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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 sheath 54 is in position in the reagent chanber 62 the magnet 14
is lowered into the sheath 54 and the magnetic beads to which the reagents

are bound ar # o 1 shegath 54. T eath, 54 and maqgnet .14 are
t oget her r%i‘g%sgé !Igg(raégﬂ%éhﬁ H%(arbé"%éﬁpgmﬁ?{ﬁ't ‘{kfﬁsm? %ez}drs VF[Lé’e?é%a%gﬁg chanber
62. The platfoym2 _is then rotated such that the reaction_ chapber 68 is now
directly ﬁefersf\%aéh f4+ the shgathyisremmedstq dis dnigiahppsition; onethe platirai? by Aggie by

| owering the sheath 54 into the upper section of the reaction chanber 92.
Agai n t he usmgraovemernt of thstarimdfeanddotatiom of thaplatfoemiZagnet i ¢ 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

with Sheatﬁéugprﬁep sedifdnl 97 Qf‘rea&%‘tﬁlem} 6&410&?0319@25%%9 éuﬁtﬂ%dtﬁ%%e%qg&& h 54 and

all of the magnetic beads 1in upper séction react1on chanber

68, ie those fromthe_.anal yte and for,. the reggent, arg attracted t.o the
sheat h 54.83*?}?13 ?ﬁﬁﬁf@f’ rﬁﬁﬂ“?fﬁfﬁqg?n?ﬁf?répemﬂéﬁ l”'ﬂ?%ir%a@ﬁmf'o £300d0ife beads
and the platform2 rotated. The beads are then deposited 40 as waste into
one of t henaysbepdiampick unthgenersS0. Afheplatforen B agein rotates suelethat tegeastian f r om
sheath 54, the sheath is returned to its initial position on the platform2
by agai n cminbgr 68 vensndiredtlyt ineleareathlibe anterr 56t dThoarno10 ihwekal thereby2. The
upper section 92 of reaction chanber 68 now conprises a purified nucleic

acid sanploeAng tht lcultbr 506nfoCd fRchidtamambea R AR &Rk {0 g,?efrééanmé_eact i on.
The arm 10 is how used to pick up the cutter 50. The platfofm 2 again

rotates sugh thak ohNGqWRAGHEPYs containing the DNA and reagents drops into the lower

L4

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
pierces the nmenbrane 94 and the water 96 containing the DNA and reagents
drops into the lower section 90 of the reaction chanber 68. Rather than

using t heceﬁﬁiﬁ%ﬂ fHRURNRed B EHA 98 into e cﬁé}ﬁaﬁ"’t{ﬁa@ 680.S ThizSs @ffd/b3fthe | N

position I n reaction chanber 68 where It now"acts as a stopper "'to seal the

reaction er, 68. Flgure 9 shows.a cross.section. view,of e _reaction
Chanber 8t A ol roaft e RO RS i 4G PR G o miBoimt B9
position to seal the reaction chanber 68. The cutter 50 has al so_been used
to pi er cSNEHE Qfe?PHFdé?Fe7gAn(§’é‘EF§r 18; soskets 4. JHpthermaare inpprdop to;prgventiilie| ower
section 90 of the reaction chanber 68 such that the water 96 contai ning the
DNA anal yspéllagadfliquid ermtpinedsinf abambers i, 68,0605 168 anfli6Gatirimg thissagh speedan ent er
the capillary tube 680. The cutter 50 remains in place to seal the reaction

chamber 6@tatidHCthesdeHanibRersat designeiowitk wa PVAIAIressl Jeotidrt AR] £ bReM& refissi Ng t he
anplification reaction. In order to drive the water 96 containing the DNA

and the roagegts | [ 4 | @ s e, l,an chanber 68 the
pl atform% I'S rg’tdastr%gwgtﬁﬁ%ﬁéis'pgg%.mt%#gfdﬁg&c@%‘{%@fa&{a ﬁid re'ce 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 platform by
means of spindles 72 nounted in sockets 74. Furthernpore in order to prevent
the spi |A§grethofwat¢rcﬁﬁ epréaipingithe BN A, aud thevuicleis gmpBfcation hag gntered 66 duri ng
this high speed rotation, these chanbers are designed wth an oval cross
section asupiltargitubail680 thecemmsple 48 reddy basederge &hmoleid ncidi gmphficationhi s
i nternal design prevents any spill age.

reaction. At this 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 anplification reaction. At this stage the reaction chanber 68 can be
manual |y renoved fromthe apparatus 1 for use in another apparatus where

t he nucl eopticatdeleciomioi deteta tiecondi ppoduetsn ditds éschidddby theSadtribitahe eapiltavgver t he
singl e apparatus has been adapted to additionally conduct the nucleic acid

anpl i fi cagb@ts @Rkt &RblcHeicaf é&ﬂuet?gg{f&%nerwy&ﬁ%neag& i1 BB L@ggerfornﬁd

in the lower half of the apparatus 1 Shown). In rder to

aut omat e reges hon chanber 68 has been adapted with a lip 98
such thaté@ﬁngggfhge&ﬁggﬁbﬁﬁ%gﬁgg by the apparatus arm 10 in the sanme 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 Afiar eimplbtion 68the Tiheleicragidsamplification the platforbe? cedainingsthewnttérn Fi gur es
1 and 2. The platformthen rotates such that the cut away section 78 is now

al i gned upgjakgigiRhih I nd ciaBders 268, 60) 62,08%arides6 £l the heactibichantidr@s | ower ed
thereby | owering the reaction chanber through the cut away section 78 and

into the Lr‘é%rrfﬁ%éd HBqutt'ﬂS aﬁgic}lﬁ%@tgﬂn%fi?spoéé'ﬁedff.' ACHE? la'#-ianneg aird fhePar t of

t he apparatus the nuclerc Ication iIs per a thermnal
cycler to heat and cool the reaction m.xtyre in the capjll.ary tube 680 and
an 42 opheteseryements ca e brodied inly the mpnimtas sudithas iEody beveedy  ne
fact that the capillary tube is coated with an electrically conducting

pol yner whgaihinegnodies saraplednanipilatit®. and  cooling of the capillary tube 680.

After conpletion of the nucleic acid anplification the platform 2 containing
the cutter

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 from 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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50, the sheath 54 and chanbers 56, 58, 60, 62, 64 and 66 and the reaction
chanber 68 are all renoved fromthe apparatus and di sposed off. A new

pl atform containing the necessary elenents can then be introduced into the
apparatus such that it can be used again in another sanple nmanipul ation.
Figure 1 Cross secti,on o id.200.0f the present.invention with a
recessed %ﬁ%hﬁ%?%‘ﬁ@%%“aﬁf%ﬂ%‘am? %O(’Zwélgﬁ’p‘f' SrdeLde g?ceiéié.e PR s anpl e 210 i s
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 Iid 200 of
the present invention conprises a nenbrane 206, for exanple a | am nated
menbr ane, which can be pierced into order to access the sanple for further
processing at a later tinme. In order to prevent cross contam nation of the
sanple 210 fromthe menbrane 206, the nenbrane 206 is recessed within the
lid 200. This has the result that if a user touches the |lid 200 to close
the it fromeither the upper side or the |lower side there is a gap 202 or
204 respectively between the user and the nenbrane 206. As such the user
does not contam nate the nenbrane 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 Iid al one
could be manufactured for use with a wide variety of different sanple
vessels. 43 The lid 200 conprises a nenbrane 206 which, in order to access
the sanple 44 Cains 1. A disposable platform(2) for carrying out a
processi ng operation on a fluid
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sanple, said platformconprising (a) a chanber (60, 64 or 66 ) suitable for
receiving a sanple; (b) one or nore further chanbers (56, 58, 62) containing
predi spensed reagents required for said processing operation; and (c) a

" first functional conponent (52) which is releasably held in place on the

pl atform and wherein said first functional conponent (52) is able to act as
a collector for noving sanple, or an analyte contained therein or a reagent
from one ghanber to another. 2. A disposable platformaccording to claim!l
whi ch isé%%%ﬁed to carry out a processing operation on a single fluid
sanple. 3. A disposable platformaccording to claiml or claim2 wherein the
said further chanbers containing predi spensed reagents (56, 68,62) are
sealed. 4. A disposable platformaccording to claim3 wherein the said

furt her dhanbek slispasable platforn If9) foraasymg eut sepriocessingeperatioe.onsa flaiddi sposabl e
pl atform according to claim3 or claim4 which further conprises a second

funct i onahmplyye4it phitforra@pmpkkiagt 0 open said further chambers (56, 68, 62).
45 6. A disposable platformaccording to claimb5 wherein the second

functional conpongyy , CRAYer 365 6@(9;%5%“_@,@090, reCeivihgd W?’bl e platform

according to any one of the preceding clalns wherein the irst functional
conponent conprise sheat h ( i rQ¥I interfac bet ween a
nmeans for attracti 38?8'1{'%”“ repﬁﬁtéeer%& @re f%a(?’g’a%%? Egoé'%t" &8 p&F.lsQf.nseEV\e

di sposabl e pl atform accordi ng to ar,la/ one of the preceding clains wherein the
reagents required for said processing operation; and

(c) a first functional component (52) which is releasably held in place
on the platform and wherein said first functional component (52) is
able to act as a collector for moving sample, or an analyte contained

therein or a reagent from one chamber to another.

2. A disposable platform according to claim 1 which is adapted to carry out a

processing operation on a single fluid sample.

3. A disposable platform according to claim 1 or claim 2 wherein the said further

chambers containing predispensed reagents (56, 68,62) are sealed.

4, A disposable platform according to claim 3 wherein the said further chambers

are sealed by means of a seal or membrane.

5. A dispésablé blatfor‘m according to claim 3 or claim 4 which further comprises

a second functional component (50) able to open said further chambers (56, 68, 62).
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predi spensed reagents conprise a reagent required for use in the processing,
bound to solid phase binding material. 9. A disposable platform according
.to claim8 wherein the solid phase binding material is silica. 10. An
apparatus according to any one of the preceding clains wherein a chanber
(68) of the platformis coated at least in part with an electrically
conducting polyner. 11. Apparatus according to any one of the preceding

claims wherei i glspb&dfd pRfBrm GeasidRig ioS claRADY edltdn fthoReddng Mhatidnar m 12. An
apparatus according to any one of the preceding clains wherein a further

chanber ( ' sh liquid or diluent conprising a buffer
et HbEEY S (1

sol ution par s for processing a fluid sanple, said
apparatus conprising 46 (i) nounting neans for a platform according to any
one of the preceding clainms; (ii) an arm (10) capable of being raised and

| owered and in¢luding a peans for renoveabl attachinq,to a functional
conponent /-( 56, disposable platiormiacedTdingde 3nY PR of ﬁ@ RIpsediigeciaimsywhergip dh&di ng

cl aims, such that said conponent may be raised and |owered with the arm
(10); (i ifirst funetiana ¢@hpdnent pompnsgstahshqatiat {B)nwhizh provides hatinrfapce hanber
(58 60, 62, 64, 66 or 68) or functional conponent (50, 52) nmay be aligned
W th respstivednta mel® for aftradiihg a sotid phase)marenidlranld thematrial r anged to cause said

arm (10) and said neans (6) to
8. A disposable platform according to any one of the preceding claims wherein the
predispensed reagents comprise a reagent required for use in the processing, bound to

solid phase binding material.

9. A disposable platform according to claim 8 wherein the solid phase binding

material is silica.

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

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

11.  Apparatus according to any one of the preceding claims wherein at least one

chamber is removeable from the platform.

12. An apparatus according to any one of the preceding claims wherein a further
chamber (56, 58, 62) contains wash liquid or diluent comprising a buffer solution or

water.

13.  Apparatus for processing a fluid sample, said apparatus comprising
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operate automatically to carry out a fluid processing operation on a sanple
contained within a chanber (60, 64, 66) on a platform (2) nounted in said
apparatus. 14. An apparatus according to claim 13 wherein the platform(2)

“is circular. 15. An apparatus according to claim 13 or claim 14 wherein the

arm (10) nechanically renoveably attaches to each functional conponent (50,
52). 16. An apparatus accordi ng to claim 13 wherein a fork (12) is provided

On L o (820) AL HRRSR 0 bR ekorkh oS Bud S hBRNARE o o3

functi onal 9 rrpon% us "accor o} one Qins 13 to
16 wherein the ar noveabl e in a single dinension onI y. 47 18. An

appar at us accordicﬁ] Yo clains 13 to 17 wherein the apparatus conprises a
means (20) for raising and lowering the arm (10) in a substantially vertical
i rect! on, (9. A apQkDeoableoE bt reped andlapishdan mshadiness meansdols v ch
further conprises a neans (14) for attracting a solid phase binding

mat eri al . 2@emdveablypataahing taadondiongl compShentn(50,952)ufracplatferai according (14) i s
a magnet. 21. An apparatus according to any one of clainms 13 to 20 wherein

the appar at ¢s anpefk bf iRairboedafEainSe Such HAYSRIC BdmPoRaE il e rARédand 16, 18)
able to effect thermal, = acoustic, optical, sonication, electrical

processi ng, ring techniques . 22. An apparatus according
to claim 21 o\}ﬁ ?de?'%h% mﬂ ?cal processing neans is a rneans for heating

(16) the co nts of a ch 60 64 0, f the.a 23. An
appar at us ag‘é‘gr di ng® {”Sa'&sl 5[29 Wﬂ%ﬂmlat? E'(BPI ﬁ)hctg?t ﬂycfg’églg @Et@ans is a
means for sonl catl ng (8 the contents of_ a chanber §60 64, 66 or 68) of
t he 4, 66 or 68) or functional component (50, 52) may be aligned with respect to

the arm (10), and

(iv) control means arranged to cause said arm (10) and said means (6) to

operate automatically to carry out a fluid processing operation on a sample

contained within a chamber (60, 64, 66) on a platform (2) mounted in said

apparatus.
14,  An apparatus according to claim 13 wherein the platform (2) is circular.

15.  An apparatus according to claim 13 or claim 14 wherein the arm (10)

mechanically removeably attaches to each functional component (50, 52).

16.  An apparatus according to claim 13 wherein a fork (12) is provided on the arm

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

17.  An apparatus according to any one of claims 13 to 16 wherein the arm is

moveable in a single dimension only.
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apparatus. 24. Apparatus according to any one of clains 13 to 23 wherein the
control neans is set so as carry out the processing of a sanple prior to a
- nucl.eic acid anplification reaction. 25. A nethod for carrying out a
processi ng operation on a liquid sanple, said nethod conprising placing a
sanple to be processed into a chanber (60, 64 or 66 ) 48 suitable for
receiving a sanple on a platform(2) according to any one of clains | to
12, rnounti$g sAhdppdratuf accordidg td claiars Bppd7atheseia deoappamngistconpnigesone of
clainms 13 to 24 and actuating the control neans to effect said process. 49
means (20) for raising and lowering the arm (10) in a substantially vertical direction.

19.  An apparatus according to any one of claims 13 to 18 which further comprises

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

20.  An apparatus according to Claim 19 wherein said means (14) is a magnet.

21. An apparatus according to any one of claims 13 to 20 wherein the apparatus
additionally comprises a physical processing means (16, 18) able to effect thermal,

acoustic, optical, sonication, electrical processing, sensing or monitoring techniques .

22.  An apparatus according to claim 21 wherein the physical processing means is

a means for heating (16) the contents of a chamber (60, 64, 66 or 68) of the apparatus.

23.  An apparatus according to claim 22 wherein the physical processing means is
a means for sonicating (18) the contents of a chamber (60, 64, 66 or 68) of the

apparatus.

24.  Apparatus according to any one of claims 13 to 23 wherein the control means
is set so as carry out the processing of a sample prior to a nucleic acid amplification

reaction.

25. A method for carrying out a processing operation on a liquid sample, said

method comprising placing a sample to be processed into a chamber (60, 64 or 66 )
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suitable for receiving a sample on a platform (2) according to any one of claims 1 to
12, mounting said platform (2) in an apparatus according to any one of claims 13 to

24 and actuating the control means to effect said process.
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