Apparatus for Processing a Fluid Sanple This invention
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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



nmonitoring, in addition to possible dilution and
concentration steps. To date such conplex. fluid
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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



consi stency and accuracy to prevent the failure of
| ater tests, and should ideallyconprise disposable
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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



and associ ated apparatus for a specific binding assay.

The apparatus conprises two or nore vessels in which
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introduced into the first chanber. The platformis
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the functional conponent. The armis | owered, attached
(a) a chamber suitable for receiving a sample; and
(b) a functional component;

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

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

The sample is infroduced 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



to the functional conponent, and then raised. The
platformis then noved such that now the chanber is
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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



conprise a cutter for piercing a seal, introduce a
filter menbrane into a chanber, or sinply act as a lid
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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 thefe_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
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or nore further physical processing neans which,
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Thi s apparatus has several advantages. These include
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variety of different protocols as desired. Furthernore
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different protocols as desired. Furthermore a complex sample processing sequence
can be established Without the need for an apparatus comprising fluid pathways and
pumps to move sample through the apparatus. This also eliminates the likelihood of
reagents mixing with one another during the protocol. Other' advantages include that
the apparatus can be fuliy automated reducing user error, sample contamination and
user risk. Furthermore the apparatus can be designed to be fully portable for use in

the field.

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

method, for processing a fluid sample. It is a further object of this invention to design
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processing a fluid sanple conprising: (i) a platform
conpri si ng:
Summary of the Invention

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

@) a platform comprising:

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

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

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

component may be aligned with respect to the arm.



(a) a chanber suitable for receiving a sanple; and (b)
a functional conponent; (ii) an arm capabl e of being
wo a00sethsand | ower ed and i ncluding a neans for PCT/GB2004/003363
renmoveably attaching to the functional conponent such
that said conponent may be raised and | owered with the
arm and (iii) a neans for noving the platform such
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aligned with respect to the arm According to a second
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apparatus according to the present invention for the
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this invention relates to of processing a fluid sanple

wherein the nethod conprises: (i) placing a sanple

conprising an analyte into a first chanber | ocated on
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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 platform such that a second chamber is now aligned with the
means for reversibly attracting said complex;

(vi)  lowering said means for reversibly attracting said complex into the second

* chamber and allowing the complex to detract from said means;
characterised in that the analyte is subjected to a physical processing step either in the

first chamber or in the second chamber.

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

amplification reaction.
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sanpl e" neans any sanple that exists as a gas, a
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matter in the gas sanple is suspended in a suitable

Yipdon g1 the

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

fluid sample collected when air is passed through a cyclone such that particulate
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sol vent. Exanples of sanples include, but are by no
nmeans limted to, a fluid sanple collected fromthe
weposomssent such as a river, a fluid sanpl e ceCT/eB@d/ 003363
froma patient such as a urine sanple, a viscous
msiderh ¢hecot |semtrethed imadlipd coBenting whamber, suchvestthatalescribed in
fluid sanple collected when air is passed through a
WY 02/09880s4hdhthé Hlad, particul atematter in the air is
entrained into a fluid collecting chanber, such as
that described in WO 02/29380 and the |ike. As used
herein the term "functional agent" neans a solid
chem cal, biol ogical or physical agent that is used in

AL mge(?%&%{ﬁﬂtﬁéste% %&Bﬂalog etnte E\SSZ ?lr%hhrh\ﬁ%ﬂﬁ&al? nb1olog10a1 or

| S One or nore ol o

a nts osed a sol i d ovvder e .
egﬁafnt {57 s o Bpnarachs orsapfhag P%%ﬁ%?@evwlon- It may
reagents include, but are not limted to, lysis
CQURRIFEITng ormoreﬁbmlcel wrhigloeisphicageiy desed ag aiselié pawder, bead,
targets, nucleic acid synthetic controls,
cdpaulbepsriessp& tepbet ahd thehikei Sadaldnzyaresles dﬁ/ﬁsgenmkailnehlge,m are not
antibiotics, antibodies and the |ike. Such a reagent

1ifBd 36, 99siD BeaBERS §6:15 @nFIME bhddbdbhict sa g Mlcieie 8eid t&@bisInucleic
phase binding material capabl e of bi ndi ng to an

I ti
addl a%%ttlfetfc "%".lﬁg?% l’ﬂ)%}&g%%mgg I{r(ﬁ{ hilistad "B 1 ;,”gcg%s, | detergents,

par e op an ant

m ar functional nt shoul.d .
oy e ani e b e e SHEp H%agﬁﬂ%‘ﬁ-‘é 3P0 B grepigl such that it
interactin Wlththef|UId sanp) e. These coul d
cqmapissa e, sold phase binting materiabeppaple of banding &y any@nalyte 4n the fluid
soni cator, a heating neans, and the |ike. As used
sduaple; for exvenplea maghetroparaela IDp'@QImHGI weaied withanl ankibodyaémegimilar.
to mean an el enment of the apparatus that has been
Hdesveanaw oha fuidiadhall igeaBshouly als6 ibblundaisiodd o toantphige phiRical
of the apparatus. The functional conmponent can be
6 B0 GHterabi h%evmﬁa SUADl eEtT’he@é cHAg IndedeMolid aBiot limited

apparent fromthe discl OSU' herein. The spécific use

to a s&rrer bead a's %mator 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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functi onal conponents can be readily identified by one
skilled in the art depending on the specific use of
w0 b@sapsas at us. For exanpl e the functional conpOnEeBR004/003363

may,.conpri se meagns far interacting wth the fluid |
soBighio. ang e Cherre AEAyelx g  facHAk CmpRAeEE may comprise o
processing to the sanple for exanple heating, cooling,
megss; 0L Inieigrang W@h,thaggamh@ ityekde forpgxammiaby \aeling vhe cutter to
functi onal conponent may conprise a nmeans for
pience @rfadtseaigtonsaphthe bbasbanteeimtrothseel 4 filtéramdehatipe.e Fosthermore
acting as a cutter to pierce a foil seal, to cap the

the attiehal dothpoférit@EEICLRt s b cbli&fordB noRhgl thi Sample, or an analyte
Furt hernore the functional conponent nay act as a

. - far, | 38ndh an anal yte
Co%giﬁéegﬁh%n{ﬁg Ee@%fto a%g?ﬁgrggtﬁ%?ﬁér of the apparatus.
The el enments of the apparatus are described in nore
detail below. This invention relates to an apparatus

for processing a fluid sanple conprising: (i) a

pl atform conprising: (a) a chanber sujtable for
Tl?eeﬂ%%m?i‘tﬁ gt theeappgs agigseredan mese detaih Aelowonponent ;

(ii) an arm capabl e of being raised and | owered and

i ncluding a neans for renoveably attaching to the

functional conmponent such that said conponent may be
Thisisegtianebldtewe e dppdrhils fdigredesting A dluld dampl@cdB@itsnd: or

novi ng the platformsuch that any chanber or

fyycti qnadirrReaieRingmy be aligned with respect to

trglg ar mrﬁérhe apparatnl%s i s designed such that it is

sui tabl e I i ect i S . tQ onge. or, nore

%19 a cﬁ%m)&fhitwe for r@ggéflg% 8(%%1%115%33%1

processi ng” st eps. ese processi an incl ude

chem cal ocessi ng steps such as diluting the sanple,
washi ng té 2dURHIOBILOMPORENa| |y with one or nore
buf f er

(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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sol utions, reacting the sanple with one or nore
chem cal reagents, but may al so include physical steps
wo orosexmapl e radiating the fluid sanple with tPer/GBR004/003363
radi ati on, subjecting the fluid sanple to acoustica
Ther %mﬂéﬁ%ﬂ&wgoramses tee plaifieen Tthet wppam aomprisenpriirsteehamber and a
platformthat in turn conprises a first chanber and a
fufietivntl emzdoneninirehtmbiineay hiaobe knowy askiraaiglddambensince
the sanple chanber since this is the chanber into the

thig N tHR&hamBECin¥ e RhhhBerSiaikBich REL{AEAL | YefRrablyd fuid sample
sanpl e and nore preferably conprising an analyte, iIs

anti'n'ioﬁg% g%é%faﬁﬂ%% rfs %gly?eg tri)safu%{ #ﬁ?dl%% 13&%'@% g]i)paat@% The

rcan-opt egrate

t aratu aIt rn vel y vabl e
ol Do A Paﬁmaify ety fR mplatforreet W RS, or
| e el sewhere and then pl aced into the platform
altm@ ively dpaso b renedipleneom the platformysueh that it eandre filledcwith the
be renoveably attached to the armof the apparatus. It
sainplepslendrereeahd the plabe intonthe ptitfolra. f uncti onal conponent
can be attached to each other through operation of the
apparatus wi thout the need for any user interaction in
order that the operation of the apparatus can be fully

T}%Uﬁlﬁ&?&n%p r%/ntjoﬂeﬁt gl cf%gllgﬁéc? %L?}'i\ esﬁ P%{ P%]FE%% ) n%lpf attacfhed to the

ani ca renovea ona

nent r al desi . si bl e.
ey R o 5 R {lﬁﬁﬁﬁi iR N A P con be
desi gned to co rise a lip under which a forked
attaghgdoiqesach gith ftr%%ghmﬁsahgm &f theoppparatpe withapy theinged for any
posi tion the novenent of the armin an essentially
usereintdracgiondi oeder ithe thel dpsvation of throapgpaatts ah betfelly automated. It
functional conponent in essentially the sane

is dilgoepicferred {Bae tiadyan hagRabéallynietnlRsh1g MtiaShdshat the Manctional
novenent of the platformcan be used to interface the

I'rg{oherﬁf deRBrat Hff‘fé%ﬁt Pk :%g s hiePhREibidIeohs Qﬁﬁﬂflé’ B&lution i is that aﬁy

nponent. It Is also cessary that any ‘functiona
ﬁlﬁa{g%gp%}ﬁponenp ﬁtdegl rga{tlaecnoﬁﬁﬁse 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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fixed to the platformof the apparatus but is instead

held in place on the platformof the apparatus in a
woreuseL9sehi ch allows it to be rel eased when repCi/GBe004/003363

Again many different designs are possible. One exanple

is that the platformsinply conprises a hole into

whi ch the functional conponent is dropped and that the
THeLupphiatRallsocdRRzein SaitHpable®f deingRaibal @ide@viedidnd capable

falling through the platform The apparatus al so

ofCRIRY D AR IAINS BRARIE Bal REMPOndnRl S8E @Ryl OMEESHm will

and capabl e of [jerrpveabl y attac |ngI to the du'nCtI onal
SRRt el B S8 e WG 5P ebbinl R 7 yRbgona

the functional c onent. As set qut above jt |s ..
COFFRIPERtY ks frtean Reva it pieteief g‘ﬁ%g’esaa’éhlst signpq sych that it is
capabl e of nmechanically attaching to the functional
capenp o enechaimaelle atianbing tof tha funeienal ensepapsni. s Onpgxample of a
armconprises a fork at the base of the armthat is in
sisplel designag that gltarangingsiseoa fdikat thie babeofthmaith Skedt fis ndplane
which can fit around the functional conponent. It is

atPfigftemeRd fohfat ofahslagh ARE Ad¥S YhidhOBar B NPo@dCthe functional
orientated in a manner essentially perpendicular to

co%@gg%}’ ﬁgﬁ[b%et‘éﬁe& B e Hlot ‘e{ﬁ&‘ iﬁs?:l%n ea%g %rb%{enfﬁ‘?ezdp@ ahanmer

€ arm-an uncti ona onen
requi.red. 1t.i referred that. the a rat us conprises
oSyt SeimspaieuiB i Suece TG OF AhF TG CUinBt B9 S jadens of
a substanti aldln% vertical direction. The neans is
atppehing thern andae fianstienal campprent petreqwrady ef er abl y
operated electrically. The path of novenent of the arm

shoul d be as sinple as possible. It is preferred that
the armsinply noves in a single dinension up and down

It plefdrednBatthé appdreus bamibedes alMGardersi Hisi®d abdBwering the arm
apparatus, allowng the platformitself to nove,

pl?ﬂﬁ‘eﬂﬁﬁﬁl 5 Q@:‘stz{nﬁ%flg vhrticHSHALL n g?lgé Wb\t é)gﬂgfé&)f}gmtzhaéﬁcal

or the armto nove once it een rail | ower e
miearllnsotlilgte{s lgr%fearlgllijlsgperated 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 platform 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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its orientation with respect to the platformor any
functional conponent or chanber thereof. The apparatus
W@k®6/0tBBpri ses a neans capabl e of novi ng t he PCHGBRIKAI003363
such that the position of any given conponent of the
thyl the fimrchipea rcobmoatiteraad the thambesperetaligoed hiesegplyson agiatform
of the arm In the case of the situation where the

th® bRtOAH fifsélS nRvESROEL Unédtivebiadn 6@ sidenetsid¥nal appropriately align
conponents and the chanbers are aligned linearly on a

th® hﬂﬁ:ﬁ&{ﬂb&?ﬁor@nﬁ c%%ﬂnib&%.e wltefﬁi’ﬁeafy lifth@ gidt ﬁﬁrif arran%eﬁ such
direction omside to side to appropriately align e
functiopal ;conponents or chanbers. Al ternatively..if

o 13 BloERR Y PPRORER g SRR AP SR B B S ke ptattorm
conmponents and chanbers are arranged.in an array on

the meap Wilk Eanslate e pdal IaPPWPEH@%’a%qgntth"e ﬂmcaw% CAinpgnents
appropriately align the functional conponents or

orcthambenss Alfgmativalyt agaiit if theyplatfoinh i desigmed tsiicy that the functional
desi gned such that the functional conponents and the

coRipRAbes and e diafdegede afrafgedi ih QUdifnlak d8shicanow thet plgtform, the
platform the platformwi |l rotate to appropriately
1S WA TD Gothté ol if& Hhe fictioha Risonedi ¢ dhakbers.

pon?y has (t)he adv n?%rée g})ﬂig?npl [ ffilng t he p:(r’gghani cs o
f.or th v, f_the. J [

TS hof iRy TRBE Bl e P R ina Batlos Bk Hfvemph ot he
saypl e processi ng reaction, other physical processing.

arf B <aloch GRS Bioh i 75 RRARE G IoSEEB4 To1) BS oot PRI B -stop
| owered into the chanbers as required. If the platform

saimpdepocessing Isatticnb other phiicad prodessing meany paraplgo deypositioned
addi ti onal physical processing neans woul d need to be

ahpwe grezpinfsniwi bedowerydl iato thé ckenbtrsresueoined. Ifehdplatfosn itself
to both orientate with the desired platform functional

wERTRORBR! toGho¢d) R thel dind ARI SO ARGfiorRe ?H?sﬁ&eﬁ ROEsdiRE teans
to be lowered and rai sed towards the platform as

wéﬁgbﬂee.&? E%\’Rg@goré}%@k{eﬁrdﬁﬂg @o%ﬂlg? el A FerRiOhahBEn A to both

S pr erred that the

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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platformis essentially circular and able to nove by
rotating to align the chanbers or functional

w@eomsomsat s Wi th respect to the armor ot her phgBEGB2004/003363
means. This al so has the advantage of mnimsing the
size of the apparatus when several different
conponents are involved. Optionally the platform can

AbSetdut LB eWhé RudtiseN Scbﬁ@oﬁaﬁ REAhEVE 4 Yidd VRS OF different uses.
correct positioning of the functional conponent or

of BAIReY it it 5 Pdn%ﬁs%ra%é}ﬁ@’o%%nwgﬁﬁ id E&i%ﬁ‘ 18"inftRBWith the
physical processi nmeans 1 ocat ed above The
latform As set out above the functional .c nent can
scRinje BongaRplicd PR, POBIPTISE ABRHOT RS CBHOTRE R IE: RERe for
it can conprise a_conponent which is designed to
providéngaen opfiedl signal sadphe likeowhishaaptered onndy platerm.seWhen
a sonicator, heater, optical detector, nmeans for
refjtiosd {thie fgnctionalpoipehertiig rasedarnydthe laem lof ke apipactus, $owered into
stored on the platform When required the functiona

the ARRRNIEMHamber 41l SREatBY ad Heceddaly.Ofn kR iRRaREAItUBaY be useful if
| onered into the desired chanber and operated as

thd %%ﬁﬁe%?ﬁﬂ betwietl Lﬂl‘féqfdtnﬁg&?an& %gﬁpbﬁeﬁmd b AREotine L?EDP%IE&IS were

connect on between onal conponent an

armof the a ratus wer.e al so.t rovide an .
2180 G Bt an SR BRStiPr Pt Bir? )PV Re dodhe fipetional

the functional conponent during use. Alternatively the
campritenbiEmedstponent may be designed to interact with

a chanber |ocated on the platform Again there are

many different interactions which are possible

dependi ng on the desired use of the apparatus.

AR¥AARVAS thdGinddendl Rainpbhent inhdiChé Assidned AOHABEIRE Withya bléamber
desi gned such that it can operate as a cutter to

BIELSE, WYoBRShE OhpmThiAnes i prsoh gl Ak o
p%%ﬁ){lq? ﬁgge:qgr 2 Soa}lgﬁlgﬂcﬁagrgtp (13196 5P thien'c%pgl%?us?‘ ﬁia&ﬁplégwir}cﬂl%g 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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that if they are used to cut a seal of a chanber
conprising a fluid sanple the fluid sanple does not
w@eassusBed into the cutter itself and hel d t hreBGBR004/003363
surface tension. Alternatively the functiona
conmponent may be designed to conprise a filter which
can be lifted into place by the armand fitted onto
Futthentorp tlof fuacitidraibempersent ety beedsed @ptrhaveadither ithe amjytber a
designed to conprise a lid that can be again fitted
red@PhtOrdh Onb eRarer 3n SRAPRES A fo AREHEr ERAnbT ¥h itReH18HH@n.aIn one
gi ven position on the platformcan conprise several
em%gﬁﬂngn't’ RE4H QB cHORAPRRH Y SnSE Efﬁgc? ﬂ'r Qé}}iﬁr%?ioﬁfwiﬁ?ﬁréolid ase
other in a given positiron on the platformwherein ea
.can be noved.in turn by the armof the o
iz, AR SRS Fr RS Thee AR OF Srasenc e dnhed cpmplex
used to nove either the analyte or a reagent fromone .
The et erhasm bindingprsent andntheoanphie 198 cheminabs9agent ageplaced into
pl atform h one enbodi nent such a functional conponent
contactuseth ieactc otljen naich cthatwiat boraplsnl dad pédrasendsl. ndiingy functional
agent suitable for binding the anal yte or reagent as

cofohér hséd R nfoviRHe@¥mpldxeis R Sitaphab® the Atth ™Y tikOfiparatus

and the anal yte or chem cal reagent are placed into

an? gpﬁe@%ﬁ ﬂ%]ote ﬁ}eefﬁ%h .cﬂirglfér RUERARRA FnE Qggxk)?e’i ﬁ.aaﬂtrg)(??]de to the

unction conmponent used novi ng

C lex is then attached to the arm.of, t.he .apparat us
SRR GRS PREUPT SpoRREsT A Tt PR Bafgs such

conplex is attracted tq _ the functional conponent, the
thet i sacond shamberpis foRt ppsitipngdswnger dhoamg, dhe dingtiopdlecomponent

such that a second chanber is now positioned under the
loweneyl ant¢hd comgppleored¢asedihps merving ibadowntl materiahfomoms| dirmber

rel eased thus noving the bound material from one

to GheliBe rSih@ iafaicb&karyFomnibe fictivhal veGPEAAIL Yo boHiblE feremove the
functional conponent to be able to renove the conpl ex

8, SRR MBS RIS R By
onbﬁa%”bi‘rﬁ%%'mﬁt‘éﬁ%lh%{*%se b!aén L?edpe%ﬁﬁﬁe%ﬁ%ré ﬂalts ﬁé@gssary 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 binding agent both when it is in a complex with the
analyte and also the binding agent alone. This has the result that not only can the
functional component be used to move the complex from one chamber to another, but

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

given chamber if required.
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functional conponent is able to deposit the conpl ex
into a second chanber of the apparatus and as such the
WO paos/08886 on bet ween the functional conponent BOTIGBR@®4/003363
bound conpl ex nmust necessarily be reversible. It is
Apxleeratiety éthdiffeidne sdlidpliase baldimpomprAaRmAS békhbel provided that
nmove the binding agent both when it is in a conpl ex

th\.fi’k% A€ tPHRl ¥het aﬁzh?t@ 16 REnbl %ﬂgx.aﬁgﬁ%blé‘bﬁﬁﬁlrga?aterials

is has the result that not only can t uncti o

o IERAENL SRt Sof el AU E ROt PRER AR SRR anc
R RIRGEPL EFGRRIEY SRRSO RBES Paiis 91t Ao e icens

phase binding materials may be used provided that they
capeblegt| banding BikpdigseortRIN§tinding pyateins end thentilee. cBrepbieging of
Sui tabl e binding materials can be readily determ ned
tHeyanalyte ®wkihk badiingimateeiabedn aodr it 4 hurdbgrestdvgR. tTR analyte may
anal yte and the protocol. Exanples include silica

b E@dsbed 38 i Ssurf88 8L bi ALRHAY AR LORDY i&ﬁﬁ@@é 8bsdfbed to
bi ndi ng anti bodi es or DNA Dbi nding proteins and the

[ T Fele ¥ . he ) bj ndi
te o inc B 41} IR el “uRRBINES, b RGeS i hgresed to he
y be adspr be o the _surfa of . t he bi ndi .

il TARHALPY oo o desnaPripsivelSo Py himical bonds may
surface of the binding material, alternatively the
dewedapy betwissy the bindineametegial and e paalderny #ierestivaly thg binding

Coul onbi ¢ charges, alternatively formal chem cal bonds
mateyialenayl opmjmedenbienhdnniealbbindinggsitentaapalide efnbinding the specific
anal yte or alternatively the binding material may
alfedy¥e rih Siekticac h e\m?c?hdibg adcREnisnt 6 Suftable b tRf plekdifiifebntion
naly

the specific a e in question. Any binding

pildia E}gaz @tléh%%l&l;ﬁﬁ teié‘ﬁ'{fﬁ%i%ﬁg’ 48 E{l@fﬁxﬂ{ the 'B}ﬂﬁlgﬁ% ér %ﬁterial is moved

provi ng i1s crently g suc

o R PR i TRt MRS RS ki

hi ndi_ng material . _. Lo L
It 1s preferred that the binding of the analyte to the binding material is reversible such

that in the reaction chamber the analyte can be freed from the binding material for
further chemical or physical processing. Any suitable means can be used for
removing the analyte from the binding material including warming, dilution,
dissolving (solubilising) and the like. The binding material can optionally be present
in a chamber prior to the addition of the material in question, alternatively it can be
added to a chamber after the addition of the material, or furthermore in the case of a
reagent the reagent may be formulated such that it comprises the binding agent

already.
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It is preferred that the binding of the analyte to the
bi nding material is reversible such that in the

WO e@sniwse chanber the anal yte can be freed froPeT/682004/003363
bi nding material for further chem cal or physica

It iy predssidniat theybisdingahhterisiecmsprises) niagnetsedilitabeads.  Suitable
renovi ng the analyte fromthe binding materi al

boadEingRide ehose kappltd b Rdthe, Fromdbs &l Eétaghr( S ¢lh lid i§ipR€brred
and the like. The binding nmaterial can optionally be

RS Bl LR od R gl S b WiStracted o

chanber after .the addition of the materi al I

o1 R R ot o Heo e corvioRem §a: & dhagaeb i ot hy beads
be fornul ated such that it conprises the bindi ng agent

atiaqte délys therglarepprsfaradethat tgtfuneiiong] pempenemhcampgpes a sheath
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appleattagnétic feld land raisadbod ofthetsheath i repravicdhe sragnétint figldhe The
apparatus conprise a magnet co-located with the arm of
sHeht® iefHea?does ifitbal chambebef thewppaeatus bbmpiisieg sieldundtcomplex.
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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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sheat h and magnet are then raised. The platform noves
such that a new chanber is aligned, the sheath and
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renoved fromthe apparatus. This alloms for chanbers
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the apparatus or before or after use. For exanple a
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chanber and the sanple chanber then | oaded into the
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thergpacHin rearised megentstepending opthe ieat prReeurain grastigie fesuch a
Simlarly it may be useful if one or nore conponents
chafnbéthan dp peadilty s clraged thealstreon bt éseltheereqliired chambérend load
specific use of the

it into the apparatus prior to use. If the platform comprises such exchangeable

chambers it is preferred that the apparatus comprises a locking means for securing the
chamber in position during use such that the chambers do not move during the
movement of the platform. Furthermore it is useful if such exchangeable chambers
are colour coded or marked with a bar code and the like 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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apparatus. For exanple one of the chanbers may
conprise a pre-dispensed reagent, the specific

WO e@diorsds r eagent dependi ng on the test procedeCEGBR004/003363

uestion. If such a chanber can be readily exchanged
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into the apparatus prior to use. If the platform
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chanber being used and use this information to sel ect
one of several pre-progranmmed sanpl e processing
cycles. It is also preferred that the apparatus be
Tieegipgratud cfithdiptebatt itveativialag adoadohtprize optiontlyrcomiid one or
and readily replaced. This allows that after any given
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contani nated platformvcan be renoved and repl aced to

I e ' r |
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| atform can be .readi |y .and secure nmounted into the
e SRS & Jieh FOIEEn o5 Walsia MBIC S TRgized, W e Sample
fit wwth a sinple |ock. The apparatus of the present
PrPeRssiRg PERTosRl fodiling sipyashingdhe sample oy abemplivedy fareashing a
nore further chanbers. Depending on the use of the
fungtpanab¢arspdnerts@thbubdfherorcitantserts pravenhanensiawitorapassing from
rol es. An exanple of such a chanmber woul d include one

o1l safiple toC AL 67 B TRBInSEMND Fotheh | eXltcFRdtivelyOthe UppHahiRmay
which are required in the sanple
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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processing protocol for diluting or washing the sanple

or alternatively for washing a functional conponent
weRaokorIshef ore or after use to prevent contan PEL/GBR004/003363
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or r eagent s duri ng manuf acture to pr event user error,
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protocol by noving the analyte fromone chanber to
suitatde hemnowbld etarhineedbeidy {ovared intelaychiainber esadythetsageats being
be noved from one chanber to another again as
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materials. .Qptional ly the apparatus cqul d be designed
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freeze dried, onto the outer surface of a functional
frecgpraupd AR the outer wifaes. | 2 upgiionsheomponest er suitablesergovable
are freeze dried onto the outside of a suitable
attachmentivas het hascthpreparediand it eeemcdyeesntbe gdojymtdfaelease of small
functional conmponent. As such the reagents can be
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solubilised fromthe outside of the functiona

thS IR COIIB(?HC%F io% %Réa?h 's&dP ﬁ%@le%ch 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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attachnment can be for exanple sinply a plastic body
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wOo@sm19886 f uncti onal conponent and to whi ch r eBQEGB2004/003363

can be freeze dried on the outer surface. Such a
diffensuedsdn allow dopeadnseparation pf tigidifferentrponblations. t Bnslenample the

can be batch prepared and it overcones the probl em of
popaiatiasenly diffet in theFnBignetib pagertivsiatlowine f@rseparatien of those

hi ndered due to the surface tension created. A further
wglg FRMonbif éﬂgﬁ&tﬂé@ BohCREKW fth WYk &S rhpS8ZLHENI @bh other

di fterent he ts on the functional ‘conponent or

HSE%%E dalt ?g ‘f%ﬁélrcﬁﬁgé&sﬁyaﬁg %Pf?a%ét‘zdfg id%%%igfﬁ%?léﬁi’%f Wxieg te
' Thi : ' . .
siepR e Be FBeISE el TSy 1 RV A Porsins e diffr

di fferent anmounts of a given agent to be solubilised i
thein sizgs relestrich chdrge, fluoreseancss piopeitigal gr peopgdige dvhan @ vortex is
reaction m xture over time. This again further
apphibd sudsthtvheach|lofxhdse Icotly befusedhd sbpaiatmndififieremn pegaticars wathin
according to the present invention for any given
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the solid phase binding material, conprise
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as chaotrophic salts; a reagent comprising one or more nucleic acid amplification

reagents, more preferably a reagent selected from the group consisting of nucleic acid
primers, nucleic acid probes, fluorescing dyes, enzyme buffers, nucleotides,

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

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

Alternatively a chamber may comprise two areas separated by a membrane which can
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appl i ed such that each of these could be used to
separate different popul ations within an apparatus
W@ewsHntiseg to the present invention. This furtP€r/GB2004/003363
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contamination or degradation of the materials prior to use. If a chamber comprises
one or more different chambers separated by a membrane it is preferred that each is
sealed separately so that they can be opened individually. A preferred means for
sealing such chambers is by use of a metal seal, preferably a laminated metal seal.
Alternatively the sample chamber may comprise a lid which is sealed such that after
collection of the sample in the field the lid may be closed to prevent contamination
prior to insertion of the sample chamber into the apparatus. It is preferred that such a
seal is recessed into the lid of the apparatus so that when the lid is closed, the thumb
or finger of the user does not come into contact with the seal while the lid is being
closed. This prevents contamination from the user inadvertently contaminating the

sample that could then lead to a false test result. This is particularly important where
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required a chanber can be nechanically renoved from
the apparatus. Optionally the platform my be designed
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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 in 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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the lid such that the seal does not contact wth the
user accidentally before or during closure of the lid.
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Alternatively a given chamber of the apparatus may be modified such that any
material it contains can undergo the physical processing either directly in the
apparatus, or when the apparatus is modified to include the required additional
components or if the chamber is designed to be used in conjunction with a further
piece of apparatus. For example if the sample needs to be heated during processing
the walls of the chamber may comprise heating elements which allow their contents to
be warmed, or alternatively they may be coated with an electrically conducting
polymer such as that disclosed in W098/24548 such that the chamber can be heated

by applying an electrical current. Furthermore the walls of one or more chambers
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fromthe chanber when no | onger required. Since the
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into a capillary tube. It is therefore optionally preferred that the platform can be

o

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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to one or nore wavel engths of light to allow optical
processing, sensing or nonitoring. |If such physical
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transparent w ndow such that this chanber can be used .
preesssipg dycegdeic theniman d licamitivelynig mash rempiisegplafsiqah @rocessing
anplification reaction. If the apparatus conprises a
meana Adratedi abowd itlchplatfom evhichl cansnterach svithemgivdn chambay| tydbeing
it is preferred that the chanber has a high surface

mEh8RcAIDy MW SHER irltd thed clsdier tab abt H1@Pi B i) pAfereXCIMAN BRDs€ Mrans
occur. One exanple of such a chanber is a capillary

i ROERS) 6 gL phoE: NBckAPLA ISRl Ahfnignl i e
Bt S, B e TR SRy bl o

therefore optionally preferred that the pl atform can .
sopisating)p §pD t®g lﬁfs- tFeapreyer sampiycaFpmation Retygen use of
introduced into the capillary tube by centrifugal
thé mpparatiFhthesg masans eshonldf be tdiesmeddv Alteagtively thavplatfoam may
essentially circular platform If the apparatus is
cofide | dhatbess Wewiphising Sclgun@fce k¢agentt Nidto atHiclc hiadThedass can be
containing fluid are designed with a recess such that

JoRBd okt HseMiddin V%/h'é}ﬁhg*‘a@in%eﬁlfeg%a?_ecpﬁfto bRl RASREeE ¢pi8on of

the rotation of the platform It is additionally
f (o 9P ] ' t
R EAE SRS ARG 8 Fool BB E ol RpTYPAf o e
rekdi A b b RoeRb a2 o cahe papfies 4 ok ovd St 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 integrated 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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tube. Therefore as set out above, the apparatus of the

present invention nay optionally be designed to
weommsises a functional conponent, including a peyeBeeH/003363

processi ng neans, which is either cited on the
llgtta%eﬁlsﬁnmaﬁmmm.thﬁ thandafectionyes PEPCERk Methout Anterference from

sanpl e processing by use of the arm Alternatively it
incBlgnidgghpr i se physi cal processing neans | ocated above

the platformwhich can interact wwth a gi ven chanber

by being mechanically [ owered into the chanber as set

out . is preferred that those nmeans which are

t
T%%@%ﬁtﬂnﬁ%at B %ﬁ%mapﬁfpgp‘atfﬁﬂ%%@t%%ﬁ A %??ﬁ and can
for e s f nmeans
be St R SRR oo befag o *ﬂ%rsgs%ﬁtc B b Ser to
cont am nati on_ between use of the apparatus these neans,

miHBugedthp Cosh fathe appaptus and o @ewet ltha«tcPB?mmﬂy viable it is
conpri se chanbers conprising cleaning reagents into

prefiiredd that theshsmben e mawdactdedf frem yghezmanaterial such as a
washi ng can be integrated into the autonated operation

tietmbplestizppatetiuli$or Stamplarpolyettyldn® @r polgpropsichbapolybdbenate,
functi onal conponents which can be readily designed to

a%Zh@' ﬁﬂ{ﬁﬁﬂ%ﬁa&é& Lt0GAE 86hMmbiG: Rbakte EH&JH?d ﬁ{e%tpﬁaerams or

e arm of the apparat us. As suc

1tg thp %nre%p Parg P& I%trel tpanf arent %ﬁﬁt‘% ?t §Popal '&t\fatjitggetc))usly any

g COﬂSt uen nen S can

; eme:ﬁ(%egaé’:f;g g%n}%f) |c%10 'tﬁ }Fﬁ)o%recgi’%%eggl%gfusgru%to the correct

Sm&ponents i ncl ude cutters sheath for novenent of a
ribe appatafese bi ndi ng materi al conplex, filters, lids
and the |ike. The apparatus nay optionally be
integrated with further nmeans for mani pul ation of the
anal yte in question or nonitoring the analyte. For

Tt PrattiSed N3t BRPPpALUS S PYrtable 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 it 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

29



conprise an optical system capable of detecting one or
nore materials in the reaction chanber. If the
Wappanases conprises an optical detector, or iBCT/GBR#@4/003363
used in conjunction with an optical detector, it is
oppioeildnteefdce. hEithe hepanpus isedo aikereatedit is prefereed gm itgeunipsides a
to ensure that the detection can proceed w t hout
conftbEfrfe@fis© R €prb gramnking iagle 'dontro OBt for Tdxamphpthicathusnadl tgelifg of
can have a wde variety of different designs, shapes,

aﬁigg o3 zlﬂﬁgercﬁﬁ b MR %oﬁfrol”@f%pﬁbsf f @r@ﬁ?abﬁatﬂ% s8duRnce of the

on the speC|f|c use. order to m nimse

ok dPig <O TaRRBRHRE 18 tl%‘?”edffeé%e%”ﬁ?é%fg{gﬁfe% Lirnlle <

are manufactured froma cheap material such as a
thernopl astic material for exanple polyethyl ene or
pol ypropyl ene, pol ycarbonate, acrylic, nylon or
Embodidicatserfshy insication fsilitaterprosessing of acfuid samalst acoqudéng to a
apparatus or its conponent parts can be transparent or
prefdtshiedprotocolopaque. Advant ageously any chambers can
al so be colour coded to help direct the unskilled user
as to the correct use of the apparatus. It is
preferred that the apparatus is portable such that it
%nln?%tl%geﬁs# r}elta{ég thI §1|edUSeA§f %C%}ga{aﬁh?ﬁéogdlﬁg fh! gt present
i mum

npl € "desi

1&8&%&4&%@%‘9&%#8@ gf Sty Sngﬁfgbﬂwﬁew bRt reaction.

appar atus be designed to operate effectively in a

tenperature range of fromabout - 30C to about +50 C.

It is also preferred that the operation of the
Aeqpdingtioa finshdruakpact,ahisamednéidn rdlhties thameledenrfairocessing a fluid

advant ages i ncluding ease of use and reduced user

sﬁﬁﬂl@ﬁvheﬂefhmé@l%%hd&o%ﬁrﬁgﬁte the apparatus it is likely
that it will need to'interface with an internal or

eﬁ)er n?)llacmg a sample comprising an analyte into a first chamber located on a

platform of an apparatus;

(i)  binding the analyte to a binding material to form an analyte - binding
material complex;

(iii) lowering a means for reversibly attracting said complex into said first
chamber and allowing the complex to be attracted to said means;

(iv)  raising said means from the first chamber;

(v)  moving said platform such that a second chamber is now aligned with the
means for reversibly attracting said complex;

(vi)  lowering said means for reversibly attracting said complex into the second

chamber and allowing the complex to detract from said means;
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conmputer or other suitable control neans that has been

sui tably programred. Optionally the control neans can
wheooshosan such that it can be progranmed w t hPEDG82004/003363

than one protocol and the user can chose the desired,
chgpacienixed|in thab thezanglyite ialshbjopted tma phyiead prageesing step pigher in the

apparatus is so automated it is preferred that it
firdt HINb& T i theastdsndl chamdas for programm ng and contro

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

A r egMi : C ' . . j :
1 R B8 oh s PREESH SaRi IRl Giof AP Bt ARB Ry tha
. according to re-deteyrm ned. protocol. This,inyentio
it S Gerinnpie. (BUfERgec P BEroRpp e b A gy gohted
the present invention for the processing of a sanple
apparhios aroalgo desiEedd sughi thatatlip | spmpleaganobe ﬁ‘%ﬁ%‘?ﬂaélbf. subjected to a
According to a further aspect, this invention rel ates
chémical prsdessing btepr oAessicinghia drsudes thatnhcemeihed eian heh@exibly
nmet hod conprises: (i) placing a sanple conprising an
adg;;’[ékh W £cbitiddatelal Wik r r&fa[ffér@;ﬁ@hﬁgleqﬁo@sﬂh%pfmmm
n apparatus; (ii) binding the analyte to a binding
material to forman anal yte - binding materi al

conplex; () lowering a nmeans for reversibly

attracting sai npl ex .into. sai.d first chanber d
AC&PFC{}W i agheé’eﬁ gfﬁ%ﬁgxaspfsdbtgusa’lntvfnétbclne’&?ﬁ%%s goa I%Pga%g? method

iv) raising said neans fromthe first chanber,; ([v) i

acpmydinggosthp dresent: insprHoRUioR thaprocessEE i SEPRIAPECT 1S 2fRigleic

aligned with the neans for reversibly attracting said
actibampkfication reaction. As a first step it is usual to need to lyse any cellular
material within the sample to release the nucleic acid material. The lysis can
optionally be performed by a chemical lysis step for example using a chaotrophic
reagent such as guanidine hydrochloride, or alternatively a physical lysis step for
example using a sonicator or both. Sonication of a sample is particularly useful for
the initial disruption of spores that may be present. It is then preferred that the analyte
is moved through two different chambers each comprising a buffer to wash the
analyte the buffer comprising ethanol optionally with detergent and other optional
reagents for example tris hydrochloride. Several PCR reagents are then added to the
sample for example primers, probes, fluorescent dyes, enzymes, nucleotides, and the
like. The nucleic acid material is optionally eluted from the binding material by the

use of a small volume of preheated water into which the other amplification reaction

reagents solubilise. Finally the reaction mixture is subjected to thermal cycling with
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(vi) lowering said nmeans for reversibly attracting

said conplex into the second chanber and all ow ng the
W@ ooploeds3¢ o detract from sai d means; char act er i BEGBR004/003363

that the analyte is subjected to a physical processing
opsibagl realttives optival wlysis totmartitonrither anoplification ecagem prfl positively

chanber. It is preferred that the physical processing
id&dtHp theStafgeOni cation step or alternatively that it is

a heating step. Furthernore it is preferred that the

nmet hod and any rel ated apparatus are al so desi gned

such that the sanple can be additionally subjected to

a chem.cal progessi . i r ST
AREN R B oEE Peuf infiB Py o S uBa B BISTER of A ¥indine
wi de range of different s | e pracessin rootocol s.
mpleEia) th M SRRTHHS BURSHOIPE 0 i PIESHEARVANIOR TP pTogRing of a
relates to the use of a method according to the
sapipdepmer th avaleioarid anplification skeeiet-ng of a sanpl e prior
to a nucleic acid anplification reaction. As a first
step it is usual to need to Iyse any cellular nmateri al
within the sanple to rel ease the nucleic acid

Figgigrial. The lysis can optionally be performed by a
'%1 %e‘

mcal lysis step for exanple using a chaotrophic
reagent such as guani di ne hydrochl oride, or
alternatively a physical lysis step for exanple using
a sonicator or both., Soni.cation of a sanple is

Figara ) A BERSERTA ViPS! (REPPRFI Al di sr Upt i on of
spores that may be present. It is then preferred that
the analyte is noved through two different chanbers
each conprising a buffer to wash the anal yte the

Flpufd Eshooenpirimsiverge etobaseotionaf the nadipletampphratisst feong éretside.
and other optional reagents for exanple tris
hydrochl ori de. Several PCR reagents are then added to
the sample for exanple priners, probes, fluorescent

F%}é?e;g SN IESds Q,lie%pgfﬂ??hu% “the like. The nucleic

material 1s optionally eluted fromthe binding
mat eri al by the

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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use of a small volunme of preheated water into which
the other anplification reaction reagents sol ubilise.
WO-2008/009836 he reaction m xture is subjected to PEEGBaI04/003363
cycling withoptional real time optical analysis to
Figorei T showsheecraspsection aicwoof the aperation afie phpscdl ipvedeysing means,
identify the target. According to an even further

hes pesdant mﬁhdaﬁﬂ%rtbimat akslamealfabRsiohGn Re of B& eHanders of the
bi ndi ng materi in an apparatus according to the

mﬁkﬁﬁﬁnt invention for the processing of a sanple prior

0 a nucleic acid anplification reaction. Figures
Figure 1 shows a perspective view of the apparatus.
Figure 2 shows a transverse cross section of t he
conplete apparatus fromthe side, ure shows

Figipe s Shoyes 4,6185% $ctioh yiey %fit%ela PReTation ag 2 fwcélﬁs%l,scoalpen@gshere
section view of the operation of a functiona
a sheaibo éthta magnebtoretrasa e bowideanaiyigindo themeandios¢hamber.
menbrane on a chanber of the apparatus. Figure 5 shows
aviewto illustrate the detail of the attachnent of a
functional conponent, here a cutter , to the fork of

Floli® REMBwdh GHIsE sEctRIAONBw B TORACIRRCEHPIbeY,| 1R Qflthtehﬁmctlonal
operation of a functional conponent, her€ ‘a sheat

b 9 t he
cchel FRSIEL ot b OSBRI FOB St ¥ e o
t he operation of a physi cal processing neans, here a
means for heating, to heat a volune of solution in one
of the chanbers of the apparatus. Figure 8 shows a
FighessH) shewsiaswosgiseqiiasfofiaiul of fles presesh iyentdort with wireseased seal.
conmponent, here a sheath, with a magnet to rel ease the
bound anal yte into the reaction chanber. Figure 9
shows a cross section view of the reaction chanber,

Fldffee 1 Whbt#s ekdpReiveOPRlv 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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conmponent, here the cutter, in position to seal the
reacti on chanber. Figure shows a cross section of a
W(I)B(d)smmstshe present invention with a recessed BEHIGB2004/003363
igure 1 shows perspective view of the apparatus 1.
11f1q2ﬁ aqyspankbeiibe aonyPiand shampgnet 6 iiDvardte metqsad) atiaglhed to
by a twist lock 4. The platform conprises several
a deivarvelr2? amldedntrotied dbpal limamacmetor 24( dBtealinead mavefeguo®the
3). The platformrotates driven by a stepper notor 6

heaAd rfeadl§ 1§ endBletméMQforsiogialing 4 BampledBtis imikk dtib& by motor
platformis nonitored using an index sensor (not

20 %ﬂ&’éﬂ%& é@ hfl@e B t &‘?ﬁch zhgﬁ JB?r\g?g]E g& Ih&lfmrt Aa¥d:E ?8 %hd 28

nmot or oca ove s the ar

respeit o %aﬁﬁ%ﬁﬁéﬁ% ot P <L Fi ax%rhvéa%‘r Be 32

2. The arm 10 is shown in a raised position holding a
chanber 68 above the platform 2. The apparatus al so
conprises a magnet 14 that is located directly above

Figune 2fsbows aftransecrse onog? section ofvlys eppatatus of deopwesdnt inveation.
rai sed position. The apparatus al so conprises a

Th %@ﬁ?ﬁﬁeﬂi@@lﬁtﬁvﬂﬁre thai saresasathdse hiawat adFifuesieetdapt that linear
platform 2 and shown in a raised position. Furthernore

acthiB¥6r ?@ R4 abtiGe §&F{p%%nt§ 213‘5 Q%ove%ﬁf ﬂ%w ?itib%l Qh&:vs he drive

sanpl e 13 agaln e platform own

belk SRR BRDL Y R o i Bl BR R et b f‘@ﬁ i

a.dri qﬁé? 22 and controlled by a |linear actuator

posigion %gelpf Hf- novenent of the heating neans and the
means for sonicating a sanple is simlar driven by
notor 20 attached to drive belt 22 and individually
controlled by linear actuators 26 and 28 respectfully.

Figtite 3afhpas atbiglsadys oriew o the platfarns Anéfr the apparatus Ithieintasbeen
power source 32. Figure 2 shows a transverse cross

deSiBfdd B RbcdsbRgap IRIAHEPR! plidietoP hesi8iet adid WaiplifeBtion! Nerhe
conponent s shovvn are t he sane as those shown'in Figure
pla:lfo%cl? Rlouhf@ton' the @fParatus 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
recéss 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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actuator 24 can not be seen fromthis view This view
additionally shows the drive belt 40 attached to notor
W® 24051019866 at i ng t he pl atform and sensor 42 forPGEGBR014/003363
the position of the platform Figure 3 shows a birds
camynrisgs eviipoTO thab aldves fheramamber tot interagh peathathe srmhefcthe lapgaratus
been designed for processing a fluid sanple prior to
(niotisthair). aCHaehban P8 i moahtedin thHupﬁaiaaisfmn“g spindieTe eGdudied in
the apparatus using a tw st |ock nechanism4. The
sdekés 72! OHaRIBBYs! 8d1600rE WituhtcAN8Et R TR ARKUS corftaifibtl 162" This
50 and a sheath 52. Each functional conponent
i [R5 ej [ Si at .
o RS el o S bl L0 0 bn Rl BplipSia st avay
aggaﬁgtus (not shown). The lip is orientated such that
SCGYORKe platformrotates the forked conponent of the
armis able to slide under the Iip of the functiona
conmponent. The apparatus al so conpri ses severa
chanbers, 56, 58, 60, 62, 64, 66 and 68. Each of these
Théraseasfithe gmraudidd the phatformlfer the peessing ofteefloid. sample prior to
Chanbers 56, 58, 60, 64, 66 are oval in cross section

niddMélc GeIPAhSIRcALi6h if Ytadut WRldw WeheRferaice! BahP AbbRITYiBhres and
t he chanmber 560, 580, 600 and 640 respectively.

' igf cul ar in cross section. Chanber 68 is

agwgr%és?rtggs section narrows to a capillary tube

at the base of the chanber indicated by 680. Chanber

68 additionallyconprises a lip 70 that allows the

chanber to interact wwth the armof the apparatus (not
Astoatginer 76rearmpeisingsamplehamberio0 i Stek@teéd?@a@ﬁ@ruﬂle@m@ assay.

spindles 72 nounted in sockets 74. Chanbers 60 and 62
Chamberotihtie grdlomgled heith iseveralsieagings caquimd nfer s7id. astly.s A fluid

container 76 is detachable fromthe platform The

sdhys1k fcomptising @ DN AMSRAS id colldctadWaid Slaedd @fd #8- sakdple Hfnber
of the apparatus and the platformfor the processing

667 Bnd ls4hfieSaMRiver RE IREloh®Rd with a chemical lysis reagent guanidine

hydrochloride. Magnetic binding beads 100 are then added to the sample and the lid
of the sample container is closed. The container 76 comprising sample chamber 60,
sample and reagent chamber 62 is loaded onto platform 2. Platform 2 is then loaded
into the apparatus 1 and locked in place using twist lock 4. The arm 10 is lowered and
the platform 2 rotated such that the fork 12 engages 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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nucleic acid anplification is set out below wth
reference to the above figures and additionally

wo c@anes3sl to 9. A container 76 conprising samptEGB2004/003363
chanber 60 is selected based on the chosen assay.

FigihansRow6 2 crass peationaded ofilichopeestonalfl arfaagénhbcompptient tere
for said assay. A fluid sanple conprising a DNA

a AR ¥0,9ireingd lagfihf6H ARALRIRCRE: iHYva) tohecoscgisra_rq chamber, for
chanber 60 h h with a

. The sanmpl e chanber is prél oade

ical clysi e i di £re: hydr Ofy

xSRI T e atARATThe BN P BB Hatform 2. The

sanple and.the l|.i.d of the sanple ¢ ajner jis closed.
Figpio RIS (B 11D 26 TGP Io0RH G SO e AN SFod, gy i the

and reagent chanber 62 is | oaded onto platform 2.
forfe oA ttheodrm rot showdn | oaded into the apparatus 1 and

| ocked in place using twist lock 4. The armis | owered

and the platform2 rotated such that the fork 12

engages underneath the lip 52 of cutter 50. The arm 12

Fignfre theRow@iaSeidwans ilhlkgate! @kl @utall 2ftihe nttheinad® SofS4 inctional
at chanber 56 is |ocated under the cutter 50. The

h
r t her, t ]
co e 1 e o) P e 10 s [P b gom 10
isre ed such.that, t.he. cuyter 50 sequentially
en%?%ﬁ@ﬁ@%ﬁ@“%%ﬂ%@hggjﬁ g chanbers 58, 60, 62,
64, 66 and 68. Figure 4 shows a cross section view of
t he operation of a functional conponent, here a cutter
50, piercing a |l am nated nenbrane (not shown) on to
Oncepllaff tlze letramdtet membranexefitbt epBBatup haverheen pisageds the cutter 50
The chanber 56 is attached to the platform 2. The
is frétgtnee tblitsusdgindlgmsitioa dn theqflatfdien Runctdtatival ot thepsisdsiin 2,
52 that is used to engage with the fork of the arm

lo 91%% @@gf% 101298 76ta@orS HOME piatfoh8Vh ik d')[%ﬂoHﬁé fiddBioh REch that

etda the attachnment of "a functiona

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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conponent, here a cutter 50, to the fork 12 of the arm
10. The fork 12 of the arm 10 engages with the cutter
waopasomsas h the lip 52. Once all of the | am naP@€dGB2004/003363

ranes of .t ar at us have en pierce the .
prgﬁgg@r Wi 3 wifa Eﬁubl?fgﬁa fob erxgmplsia 85 eAqUSR %tgamherﬁoltﬁ@n 80.
platform?2 by rotation of the platform2, |owering of
Thehmeatrsnior Gorietingothatsewplects istraispd dtolotha samplé ehamber 60, that
opposite direction such that the fork of the arm 12
platfckni Deotatgs sath thue baffer @anther 46 3eng@decatdhendeldafothemeans
is then rotated such that the sanple chanber 60 is now

folr %Sﬁ%ﬁﬁlguﬂﬁ@% ?&t 18, tthe nf@ﬁsnforfs%lcﬁﬁ’ﬁ‘g At éaﬁ&lé ﬁﬁve?%%'lﬁlffer
. he nmeans for sonicating the sample 18°'is | owered

cﬂapr}b% 205 Sc‘%i@gt@{l %nt%ﬁg'mc?%m&% aﬂge ;gace,ed%@kysﬁéag?d f)or cilgrgber 58.

'S provides a p

e toI sthat are pres in the sanp
Aty e cbut! Wash HaaBia ton et e AP LS i Fitdcann sored.
reagent guani di ne hydrochloride also acts to provide
chem cal lysis of any cells in the sanple. As the DNA
is freed it binds to the magnetic binding naterial to
Thoamnn 4 0asineloweieands thei datfforan 2iis retateslsatle thianeharé2ragages
for sonicating the sanple 18 is renoved fromthe

wiRERLS BB 0fsheatBr 3401 ThParke 06 Heh rHifed !hereg?ammg%eath
sonicating the sanple is first vvashed in two wash

e ge@méfga?@%@nb%?f BB i e
R R N N A

chanber 60, that pI atform2 rotates such that buffer
logissing e swathsShive scample ehiaben 88t Thersagnshhd i then lowered
soni cating the sanple 18, the neans for sonicating the
inbashehih J4oamudrthe ntagnéiicfHeads tiaolvericls the IANAI iv Avwd dre iatfacted to
and rai sed. The procedure is repeated for chanber 58.

thefdhedthtdae TReand MPBhhEM eaiseiamereb raiiiy SRbihng blieof sample
sanple is raised and stored.

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, with 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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The arm 10 is then |lowered and the platform2 is

rotates such that the 12 engages underneath the lip 52
wotoshensh 54. The armis then raised thereby P&i/eBn@4/003363

sheath 54 to above the platform 2. The platform2 is
ThHeHBNAr btwatdeth thecinapredic Heads $60pé ¢henhwadied iB0twosbuffers. The

directly underneath the sheath 54. The arm 10 is

plétﬂmrzefi rbBeERh howeTrkt i feh 6ha§1|ilfbilt6h CofAtairih® a&ﬁﬁhﬁﬁ&?ﬂh@ﬂde
chanber 60. The magnet 14 is then |owered into sheath

o AR R RER R 6 B4R s o

then r d thereby rai ath.54,0u anmpl
e AR 06¢ Arhid gk Erea Rty It dimk i anedh o3 JER, fe buter
with the arm 10 such that it _remains_inside the sheath
chgmberrpdyuThe Gragheikt i nat dewered dqugh. \féwmsang fat the beads 100
operation of a functional conponent, here a sheath 54,
arevind Homgemeagpraetedl b the shiesth ddabwtbiostnatl dcwacytaed ffalbrmtotbe buffer
sanpl e chanber 60. The chanber 60 is attached to the

soRltRhf WApid raiding 288 Q6w EringSof Meadrdl (v ed tHeeebdr dhefthf4 in small
shown) into the sanple 102 contained in the sanple

vegtgamgfverﬁgrgs Eﬂ&g@ﬁg%gl ﬂegdé $00 BeGEL d'fan‘P tﬁéﬁe&ﬂ%ﬁtaﬁd are

magnet | 100 to

X t.he.shea ound
wib Ry il et s SESE o5 BTt seﬁﬁ‘a‘w.zrne%tb%& W it
buffers, The platform 2 i ted uchtht fir
ool e barafth dhe BB AthIsTe D S ereUL A diildBe magneti
buffer solution is directly underneath the sheat h 54
beds W} whih theeDNAgtdk hazmnd ecattach Bothe slecatt $4- atheprocassds wppated
10 is lowered, thereby |lowering the sheath 54 into the
tobuadsh elie Bdads o0 B4 secbind buifgnedmprdsing 50Mtaghemmretithnolic solution
t hough. This neans that the beads 100 are no | onger

co?ﬁa IF&IQB edethd tiBtes Gﬁﬁﬁﬁbr%ﬁ Bter *v&h%ﬁﬁg@h&%hg@e@fb b@ﬁ& 100 with

into the buffer solution. Rapid raising and

the ™A bogncfJ { {hh el b]u(}fe? @Hmﬁ&? ré%brﬁe 5063bhs ;‘a[%’sedr{heci‘@w {'a1s1ng

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

water 96 is heated the means for heating 16 is raised and removed from the reaction
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vertical novenents ensures that all beads 100 are

rel eased fromthe sheath 54 and are well m xed with
wo b@shusser sol ution. The sheath 54 is then | oneT/682004/003363

back into the first buffer chanber 64, the magnet 14
chafbbOB&! Gl iniaRs tf&ehéaﬁﬁ%tlh i94haNéotell NS RBpAratRERET future

100 with the DNA stil ound reattach to the sheath

4. The process is repeated to wash the beads 100 in a

second buffer conprising 50% aqueous et hanolic

sol ution contained in a second buffer chanber 66.

After washing the magnetic beads 100 with the DNA

bound .in the second buffer chanber 66 the arm 10 is
FigyieJethopser @psp ealil vigw Hdhe paeretonsaf & plysiwhprasgssingemeans,

magneti c beads 100 in buffer chanber 66. The sheath 54
helno weneans ifer heating é6,utortedt & volume f @iftomA@inborte ofithe ehaimber,

is retained attached to arm 10. The platformis now

hei®thRtreattidhl Charhhato 8] BEthe @psdratas 1 C TasbRktiOBchantitd ¢ attached tot
directly underneath the nmeans for heating 16. The

c r
he gﬁrrp rl:ng ?n g’blgéqgge%rllﬁﬁfbar 5 ?ﬁ%ﬁ@:ﬁs fhd QURF 98"BA Rtheld in gbe upper

e 680 and an upper area

arated fromth area 9
seBt)llona tﬁqfag ap ﬁ%i%]il?@é%% Fpper 559:[10 eatpdggx&lmg?r s‘,gct2 ion 90
rrprl ses a vol unme, appr oxi nat el CDm of water
l’fﬁ%‘éﬂ’i’ A SERAAG %apén%wnp d4into the
upper area 92 of reaction chanber 68 and is activated
to heat the water 96 to a tenperature of approximtely
90C. Once the water 96 is heated the neans for heating
THebplaformaissapdirarathted sorhetlatithe sedohé bufacthanbeh 851vempeiSing the
The neans for heating 16 is then stored on the

mARRAL A 106 96 WMENM TR WHEA rEindiik 900Z1n§ HO\redtlf hiB&meath the
section view of the operation of a physical processing

shg;‘tﬁsol u?ﬁ %Eﬁnlﬁwfex%rd tﬂ?xﬁfﬂr I%Ngrinér {h%héeﬂggtﬁt%em% Wsecond

I'n one of
bq.fﬁ%ﬁ%gp ?rsgémﬁg ﬁg%ﬂpgi‘l 1sh gga%? Qav[/gtteéj 1nto ‘the sﬁea[t}? %rcl:é Iagam 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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he platform 2. The neans for heating heats the water
96 that is held in the upper section 92 of the

WO e@sniwse chanber 68. The upper section 92 andP€T/6B2004/003363
| ower section 90 of the reaction chanber 68 are

Figutsah shtosd dogrosarsection wiew ofdhb ppereti@dof T Amctibmil fcomponent, here
again rotated such that the second buffer chanber 66

a Sl 58] Witht h enagBGNE! k6 réleddshd Yuhd awlyeh1 6N e1t&We reaction
remai ns bound is dlrectly underneath the sheath 54.

chiifpeAbE) %e'rﬁaﬁr@ﬂ@ E@%efegé’é@r k}ﬁgth h‘g’ﬁéﬂ:&?ﬁ& 29 of the

into the second buf chanber

S, #@@ﬁﬁ%@ﬁ@mﬁ@%ﬁga@ﬂ&&ea" e

nﬁg?&i are both raised, that platformis rotated such

bea ow the reaction chanber 68 is directly beneath
the sheath 54. The arm 10 is |lowered to | ower the
sheath 54 into the upper section 92 of the reaction
chanber 68. As before, the nmagnet 14 is not | owered

Tisuplhtfoimais ddaim feAes sikBGharmwithe regar clahiben 62 S@itd Whichhave
sheath 54. The beads 100 are released into the upper

be%ﬁcﬂré%hdg@ i n&d&@saffv‘ AR 63 MReleidfid A g‘%h a)fté%q, is

smal | raising and ['owering of the arm 10

dlﬁﬁ%ﬁy Bﬁg&g&&}g ﬂ{el sh@ ﬁ%ﬁ h% ah%l l%qgg f er:(f) %}E?%e)}g\?%gﬁgr@? %?eath

en e uted romth

54 B heaerof Foh £3r der PeAra AN VB LRTred e énated

a cross section view of the operation of a functl onal
sugh s Hatare #lee Boundsth eragnetiabeags (1ot showagn dince4he gheath 54 is in
rel ease the bound analyte 100 into the reaction

positambiarthé Sagditechambaec6? thebmagiset 100s doveered intasledsheathos4 and
t he upper section 92 of the reaction chanber 68 where

thé hﬁadgh\eaé ©6ad4ab arhidl e HHaBsnts bR BRIl 4:8 mt}dafed%gﬂﬁétsheam 54,
beads 100. The platformis again rotated such that now

Thd $hehhHEMd rﬁgﬁ{@ §h afto gletﬂgxorama G éﬁ%% 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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been pre-|oaded the necessary reagents for a nucleic
acid anplification reaction, is directly underneath
wo b@sshsas h 54. The armis | owered thereby | oweeT/6B2600003363
sheath 54 into the reagent chanber 62. The reagents
ay waste étfovans didhe uspddniffer shambers) Afier the bradshigvetheey released
are al so bound to magneti c beads (not shown). Once the
freineshtdth 34, ihe shentlp sicturnasd toritstihitial pesjigot orcthepieforti?2 b egain
magnet 14 is lowered into the sheath 54 and the
uﬁﬁ?ﬂﬁbéﬁe&@ﬁ@& dr Whirfaotaien beB@MtforAl e bound are
attracted to the sheath 54. The sheath 54 and nagnet
14 are together raised to renove the reagents (not
shown) fromthe reagent chanber 62. The platform2 is
hen rotated such that the regction chanber 68.is now .
The B 3y AT HOEEH Gt G SRS R 19 CORBSES i PGS A acid
| owered thereby | owering the sheath 54 into the upper )
savenle iand abfofttheraquiied resgenth Aprey amplificagian seackan. rdggerm 10 is
14 is not |owered such that the magnetic beads to
novaiuséd tohsick epdentuscns@ Boepktfome 2raghipastatbsfsnointitah the reaction
sheath 54 into the upper section 92 of the reaction

ckhasEr &R 16 Bow hecllf as®iidtae tat 861 Thoatt he ishenetd thereby
beads by the warmwater 96. After elution is conplete

lor\%?ing.r e 1QufeP 5897k tﬁé)%ﬁﬁgrll Whidbahgat hrré chifer 50 ﬁ)ierces the
posi T on. e magnet 14 1s Towered Into the sheath 54
and all_ of t tic beads i h ti. 2
nisptese Yo P TR BRI aBRE e TSR PORr e Lt Ay e lover
and for the reagent, are attracted to the sheath 54,

seien SR the sactipn shamberrs. atherdhyppsing the agy to seReYripe cutter
the beads and the platform 2 rotated. The beads are

50tha cudgds instedd defvenspasitiont in roansionfchambenSewhergfif rew acts as a
chanbers. After the beads have been rel eased from

sppatth sbat thd Recthehbfbeises. et urned to its initial
position on the platform 2 by again using novenent of
the armand rotation of the platform 2. The upper
section 92 of reaction chanber 68 now conprises a

FPéJurrcle gls cgwsn ) 8r|o§§ Sechtnt giew 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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sanple and all of the required reagents for an
anplification reaction. The arm 10 is now used to pick
waipossioessut t er 50. The platform 2 agai n rot at eBCHGBR004/003363
that the reaction chanber 68 is now directly
centnifiegah §artd dtivies thatfluel 96 thto Tixecapilbarg Guties6800viEkie ds aided by the
thereby lowering the cutter 50 into the reaction

fact MRd¥P@rirfpBrotalida, thetréfXioR @hhBeras8sistabR taBFStMEhS lAfEm by
the water 96 containing the DNA and reagents drops

mélgﬁal% %g trSBt Qv m%ﬁﬁt(e{i] 3R s9%eR! 74 NGl BaGId0 %Ii]@éi‘bcg &r@\?zﬁl’é the

an using the armto renove the cutter

tter..isinstead.left in sidian_jn ti.on_.ch er
soifgie AR SRR b Shdrbdds BBt efoh Tl BF Siidf iR R Gheed
chanber 68. Figure 9 shows a cross section viewof_ the
rojaliaithess GRBRFE IS aesigned avith amoval crnse speier and GridHlar recess
here the cutter 50, in position to seal the reaction
at tlechabeg ras SBowiThneFiguet3e rITiGOinteasal alesign peavents 9uy spitlags. er ce
the nenbrane 94 separating the upper section 92 and
the I ower section 90 of the reaction chanber 68 such
that the water 96 contai ning the DNA anal yte and the

AfGAHE M rf%rcoﬁfapﬁﬁé B1eCDRAPAA the AubRR :{r\g}ﬂﬁiciaﬁéih fi8'entered the

enter the capillary tube 680. The cutter 50 remains in
Lace. to l.the reaction chapber 68 sugh that no,. .
caBIROE ni0% BEO avs S REC ko e URRhs &, RiiRte g plibification
anplifjcation reaction. |n order to, drive the water_ 96
regcdiRfai/Mi e 1A BRACIGHAN cREM @aé%ﬁ%%b? H%aé‘uﬁliié“’é%‘ﬁieglf&?‘? the
tube 680 of the reaction chanber 68 the platform2 is
apparatusell far ubg gih appibed) apmeive herd g muéloiccacid ramypdificatien is
fluid 96 into the capillary tube 680. This is aided by
cohBiectédactInt kas indarce nigpweaeatthosinglh appaamt il sdeanbdipted to
68 is able to pivot on the platformby neans of

ad@H RS TohdudiOHE triRdleid) aSiQCAB Sfichfion Pt HRICAPdBtebton thereof.
order to prevent the spillage of Iiquid contained in

Tlﬁag@ 5'86%5501%621& Egrfm%%d iﬁ%h@ ﬂ)%e? %aﬁ%rfi thd aﬁﬂyractuyi QHotSsBS\%g). 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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rotation, these chanbers are designed with an oval
cross section and a circular recess at the base, as
W@ b@#14886 Fi gure 3. This internal design prevePCBEGRR04/003363
spillage. After the water 96 containing the DNA and
Rt Ao 6 o i R PTCHERad P e FOHbS Gagp Pl éycapillary
tube 680 the sanple is ready to undergo a nucleic acid
tubgrisl donted avithoan ¢lecigedllyrcondpctngipolyanergehitin ellowsizpidireating and
chanber 68 can be nmanually renoved fromthe apparatus
coblihgbf theeapillapnabse80.appar at us where the nucleic acid
anplification is conducted. In this instance however
the single apparatus has been adapted to additionally
conduct the nucleic acid anplification and optica

v i t e . ratlo I forned i,n
AR EPe e fioieid 20T 3R RLCHE RB RS fp R e cuter
order to fully auto et ocess the reaction
S phe-sbetthod aﬁlg§hﬁ@ﬁ?rg3§a%% Eﬁ, e aaaﬁ%nééh%{?eﬁmﬁmbpr 68
can be mani pul ated by the apparatus arm 10 in the sane
arpral nemovesl Gemdhe pppreatioand disprspdeéiht 4 15w platdorsycontiiping the
arm10 is lowered and the platform 2 rotated such that
ndchssatyi glefiéntotart then beantréduced haortter appBraesgmgie shatiitt dan thieesed
fork 12 of the arm 10. The arm 10 is then raised

adalifin@RYtheAihi18 nlddBuldat | on chanber 68. The raised
reacti on chanber 68 is shown in Figures 1 and 2. The

platformthen rotates such that the cut away section
78 is now aligned underneath the raised reaction

chanmber 68. The armis_t ower ed thereby .l owerin
FIEHE TeCons roromearbarn ohs BgRO DS eliagyebtios Mo bcessed
and into the | ower part of the a% aratus 1. Wen )
mpigbeene ¢ 0P atteched |te wspmplerestel 2{he EB ganpled 01s iieduced into a
nucleic acid anplification is perforned using a
chiatnben®12. c e beler taosdak dte chianhbend]2 tochensneeathibi ihia sainplel?1® is not
in the capillary tube 680 and anoptical detector to

coh@ingiahted RAi@AsPPOAskEl STheThd 200 Df AhéIpebsét ihiitibAComprises a
that the capillary tube is coated wth an electrically

mERBANE 208 9P e ifite MBHhd heWBranBPhHicl3h bB$i@B 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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cooling of the capillary tube 680. After conpletion of
the nucleic acid anplification the platform?2
wa@oeosaissang the cutter 50, the sheath 54 and cherioBe®4/003363
56, 58, 60, 62, 64 and 66 and the reaction chanber 68
Therlgl 200l compmisyetmembrante 266 aner, at aslentocicdess plossdhpdd f . A
new pl atform contai ning the necessary el enents can
then be introduced into the apparatus such that it can
be used again in another sanple manipul ation. Figure
10 shows a cross section of a lid 200 of the present
invention with a recessed nenbrane 206 attached to a
sanpl e vessel 212. The sanple 210 is introduced into a
chanber 212. In order to seal the chanmber 212 to
ensure that the sanple 210 is not contamnated a |lid
must be used. The |id 200 of the present invention
conprises a nenbrane 206, for exanple a | am nated
menbrane, 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 nmenbrane 206, the menbrane 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 nmenbrane 206. h
this instance the lid 200 is attached to the sanple
chanber 212 via a hinged flange 208. However it is not
a requirenment that the lid be attached to a chanber
the lid alone could be manufactured for use with a
wi de variety of different sanple vessels. The lid 200
conprises a nenbrane 206 which, in order to access the
sanpleC ains . An apparatus for processing a fluid
sanpl e conpri si ng:
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(iv) a platformconprising: (c) a chanber suitable for
receiving a sanple; and (d) a functional conponent;
w@ 2905amsa¢ m capabl e of being rai sed and | ower eBCEGHB2004/003363
i ncluding a neans for renoveably attaching to the
tional conponent such that said conponent may be
raised and lowered with the arnm and (vi) a nmeans for

1.nmAu iapgpratoe forlpaddessing s dimil ¢angile eonypridiagrber or
functi onal conponent nay be aligned with respect to

t tie) ar MplaforMncodiRRidt us according to Claim1l wherein
the platformis circular. 3. An apparatus according to

any of O @ a&y grs%tit‘éﬁ%rf&jlf@céi{r‘iﬁgﬁrs% chapi cal ly

renoveabl y” attac o the functfonal “conponent. 4. An
appar atus, according, to any of Clains 1 to 3 wherein

t he appar@?&g%é‘g}?ﬁgll ‘?é%poé‘g%ans for raising and

lowering the armin a substantially vertical .

di(Y)ect 2B rirmscapapleapfpbging gaiseslcenst loveged andyigcledingiagmggns for
1 to 4 wherein the functional conponent is used to

r enov e remowablyy tatathiogh tchehe afipceonah tédrepateabbarch Eat said
An apparatus according to Claimb5 wherein the chanber

of the cappanicit ufayRaistd il Bwealdiwittpihasembimdi ng
material capable of formng a conplex with the

af@igyt & theart A RRGYAL Uhe AR Qflht {Ba '%hﬁnwe%ehﬁcﬁonal

sai d soli1d phase binding material is silica. 8.

di .of O gi wh [
he. apgaratar i et B mred e bhe  ng cai d

conpl ex.

2. An apparatus according to Claim 1 wherein the platform is circular.

3. An apparatus according to any of Claims 1 to 2 wherein the arm mechanically

removeably attaches to the functional component.

4. An apparatus according to any of Claims 1 to 3 wherein the apparatus comprises a

means for raising and lowering the arm in a substantially vertical direction.

5. An apparatus according to any of Claims 1 to 4 wherein the functional component

is used to remove an analyte from the sample in the chamber.
6. An apparatus according to Claim 5 wherein the chamber of the apparatus
comprises a solid phase binding material capable of forming a complex with the

analyte.
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9. An apparatus according to Claim8 wherein said
nmeans is a magnet. 10. An apparatus according to C ains
w@2a06/083b1erei n sai d functional reagent is a sPEeBEGB2004/003363
whi ch provides an interface between the neans for
attracting the conplex and the conplex itself. 11. An
apparatus according to any of Clains 1 to 10 wherein
7.t A& gpaanal Atsoriiel td Ot | &/ whenTH s8€Solad phaseitidding material is
processi ng neans. 12. An apparatus according to C aim
1lyaherein the physical processing neans is a neans
for heating the contents of a chanber of the
apparatus. 13. An apparatus according to C ai mwherein
t he physical processing neans is a neans for
soni cating the contents of .a chanber qf the apparatus.
8.1 AnmppaighEaserdingde ryPhilaims & kg 7 Srhergia theapparagisiogmprises a
wherei n the chanber of the apparatus is coated at
| ezesns fon aphractingvaidhcemplekectri cal | y conducti ng
pol yner. 15. An apparatus according to any of Clains 1
to 14 wherein the apparatus conprises a chanber
conpri sing pre-di spensed reagents. 16. An apparatus
9.20G0f bR cdriRie ERait e /AL in AR HEARO $r2her. bound
to further solid phase binding material. 17.” Use of an
apparatus according to Caim1l for the processing of a
sanple prior to a nucleic acid anplification reaction.
18. A nmethod of .processing_a fluid sanple wherein the
Lre¥herpaetiv P?C@é%l_ﬁg 0GR 8 dp o Whetsiinatig BRiGRR FRRgCRins 2
anal yte into a first chanber |ocated on _a platform of
ashesdpwhichiprovides an jntenfasdibstvachdhamghys ©ralragtipg i enguplex
material to forman analyte - binding
and the complex itself.

11. An apparatus according to any of Claims 1 to 10 wherein the apparatus

additionally comprises a physical processing means.

12. An apparatus according to Claim 11 wherein the physical processing means is a

means for heating the contents of a chamber of the apparatus.

13. An apparatus according to Claim 11 wherein the physical processing means is a

means for sonicating the contents of a chamber of the apparatus.

14. An apparatus according to any of Claims 1 to 13 wherein the chamber of the

apparatus is coated at least in part with an electrically conducting polymer.
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material conplex; (ix) lowering a neans for reversibly
attracting said conplex into said first chanber and
w@bkdosmasge t he conplex to be attracted to sai d PEHGB2004/003363
X) raising said neans fromthe first chanber; (xi)
1§m‘{n HparRcacsPrlitHiorany ef I 1aimst] @ IWewherdincthe apraratiis comoprises
aligned with the neans for reversibly attracting said

c ambhmber donprisidgywerdispgnsedirehgerians for reversibly
attracting said conplex into the second chanber and
all owi ng the conplex to detract from said neans;
characterised in that the analyte is subjected to a

. y Tt ; P h ;
R S U
d aj. 7 erein the physical processing step is a
séﬁ@a’%‘}%ﬁ@@%ﬁatﬁ&?l-A met hod according to Caim

wherei n the physical processing step is a heating

step. 21. A nethod according to any of Clains 17 to 20
wherein the sanple is also subjected to a chem cal
1'pridreed sh ngpatiep ac@dinglseChdlima foetheqrtoesssiag dif agatple prior to a
Claim17 for the processing of a sanple prior to a
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the processing of a sanple prior to a nucleic acid
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L e SRS ool o IR SopREer
Wi(E/iii " ptlarzz?ngl Lgémple comprising an analyte into a first chamber located on a

platform of an apparatus;

(viii) binding the analyte to a binding material to form an analyte - binding
material complex;

(ix) lowering a means for reversibly attracting said complex into said first
chamber and allowing the complex to be attracted to said means;

(x)  raising said means from the first chamber;

(xi)  moving said platform such that a second chamber is now aligned with the
means for reversiblyvattracting said complex;

(xil) 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.
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19. A method according to Claim 17 wherein the physical processing step is a

sonication step.

20. A method according to Claim 17 wherein the physical processing step is a heating

step.

21. A method according to any of Claims 17 to 20 wherein the sample is also

subjected to a chemical processing step.

22. Use of a method according to Claim 17 for the processing of a sample prior to a

nucleic acid amplification reaction.

23. Use of a binding material in a method according to Claim 17 for the processing of

a sample prior to a nucleic acid amplification reaction.

24. A lid, suitable for closure of a vessel, said lid comprising a membrane and

characterised in that said membrane is recessed within the lid.
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