Apparatus for Processing a Fluid Sample This invention relates to an
apparatus and associated method for processing a fluid sample. The
analysis of fluid samples, for example clinical or environmental samples,
may be conducted for several reasons. One current area of interest is the
development of a method for positively identifying biological material in a
fluid sample, for example a clinical or environmental sample. Such a
method would allow for early diagnosis of disease states, which in turn
would enable rapid treatment and infection control, or the identification of
environmental contaminants and the like. Although nucleic acid
amplification, for exapyighibfeohinessiag ¢ Fudaapin (PCR), is a useful
and widely used method for positive identification of biological material in
such samples, several problems exist when trying to successfully develop
it for rapid identification of material in individual samplesina _
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of the key problems lies in the fact that, prior to subjecting a typical clinical
of ERVironmental 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
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different possible examples of a technique where manipulation of a
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simultaneous or sequential processing steps. The processing steps this
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date such complex fluid processing is usual% conducted in laboratories
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expensive, subject to error andto cross sample contamination. An
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require fluid samples to flow sequentially through a series of different
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However such systems result in loss of sample which is critical when
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use of complex fluidic assemblies and processing algorithms '
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



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 predetermined 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
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a clinical or environmental sample, prior to analysis, fof example fay
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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
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minimise the likelihood of cross contamination and to eliminate the need
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discloses a fluid control,ant‘jvgrocessing sg;tem comgrising plurality of
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processing of a fluid sample according to a given protocol. Although this
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expose the fluid sample sequentially to different solutions, it is necessary
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sample processing chamber with a reservoir of each processing solution.
Surhasigppatatisstis najuwe flisditachjies wsdlow asqoedtatipnhtongh a series of
environment by a non-skilled laboratory worker because, for among other
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reservoirs which is impractical and in the case of hazardous chemicals
MEPYRYSE SHENEFAsIesHE et ramible Wpish s akical R arefssi g sl
displacement chamber to deliver each processing solution to the sample,
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sensitive proce%smg sgqu%nces. 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
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94/18565 that discloses a method and associated apparatus for a specific
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immunodetermination is conducted. The analyte binds to a

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



solid phase, for example magnetic particles, and is then moved, using a
remover, from one vessel to another in sequence. A separating reaction,
and any other required reactions, are performed in turn in each of the
vessels and finally the particles bound to the target analyte are moved to a
measuring vessel. Again although this provides some advance in the field
of sample manipulation the apparatus is only suitable for simple sample
manipitatidsp ecsabilasaupinimtnde suitihiss fiwe thiechiiglly dormpiegontetistém
processing for example that required to purify and concentrate a sample
pAst i chiminet et nsai e sterdisatiPRere remains a need to develop such
an apparatus. An apparatus, and associated method, have now been
developed that overcome the above pnoblems. The apparatus comprises:
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can be used to facilitate the processing of a fluid sample according to a given
protocol. Although this provides a development in the field of an apparatus for
processing a fluid sample, several problems remain. One such problem is that, in
order to expose the fluid sample sequentially to different solutions, it is necessary to
rotate the valve body to commect in tum, via several external ports, a sample
processing chamber with a reservoir of each processing solution. Such an apparatus is
not well suited for use in a non-laboratory environment by a non-skilled laboratory
worker because, for among other reasons, there is a need to connect the external ports
to solution reservoirs which is impractical and in the case of hazardous chemicals may
pose a safety risk. Furthermore, the apparatus utilises a single fluid displacement
chamber to deliver each processing solution to the sample in turn, and to remove any
waste materials, which may result in mixing of residual material in the fluid
displacement chamber and potential failure of sensitive processing sequences. There
remains a need to develop an apparatus for processing a fluid sample that overcomes

the above problems.

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

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



removeably attaching to the functional component such that said
component may be raised and lowered with the arm; and (w) a means for
moving the platform such that any chamber or functional component may
be aligned with respect to the arm. The sarnple is introduced into the first
chamber. The platform is then positioned such that the arm is directly
above the functional component. The arm is lowered, attached to the
furotitigrhades don pamepit, rmaghthe partiidesl addis {hiatfooveds thiep mewedesfaim
that now the chamber is directly underneath the arm, and the arm lowered
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the functional component can interact with the chamber or the sample
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platform. Alternatively the arm can o from the functional component
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attached to the chamber. The apparatus can be adapted such that the
fusieii priateing fanenngde tinterapiredtto thei Sampletcantatuctanplieprior to
range of physical processing. Examples of physical processing include
theusiea keabouphificapmical hetsrantiona ated tacisl prarceshiag apraglissg or
monitoring techniques. For example the functional component could be a
heater or sonicator that is manoeuvred as described and placed into the

chamber to subject the sample, to, physical processing. Alternatively the
R PERAE R A0, B SR Bt GRELS PO RoEAeXetaeet i igome the

I
s%ngJée %gﬁ&gh%q%ggga&%%gggent of the analyte cguld optionally

comprise a solid Inding material which is capable of binding a
chosg analyigisieoagnilg o form a complex that can then be moved
from one chamber on the platform with the aid of the functional

component an@)thelimeverseinhy ihaaemiang sigpppiferm and deposited
in another chamber. Furthermore the functional component could interact

with the chami8ratielftiforlexarpgientould comprise a cutter for piercing a

seal, introduce a filter membrane into a chamber, or simply act as a lid to
seal HixharfbaFF Féa‘im@(?f being raised and lowered and including a means for

removeably attaching to the functional component such that said
component may be raised and lowered with the arm; and
(i) a means for moving the platform such that any chamber or functional
component may be aligned with respect to the arm.
The sample is introduced into the first chamber. The platform is then positioned such
that the arm is directly above the functional component. The arm is lowered, attached
to the fanctional 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



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 to physical processing or both. As
such it is possible to design the apparatus such that the analyte can be
subjected to a series of processing steps as required by the
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that an apparatus according to the present invention is very flexible and as
sushgareieagesigeeslditopariiiea widebseriasing diftermntiotid sesmpl@ent
manipulations. However the apparatus is particularly suitable for
protebsirig thé ehflmibesample comprising a biological analyte prior to
amplification of the analyte by a nucleic acid amplification reaction or
alternatively an immunoassay or alternatively an assay involving
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sample to conduct a wide range of physical processing. Examples of physical
processing include thermal, acoustic, optical, sonication, electrical processing, sensing
or monitoring techniques. For example the functional component could be a heater or
sonicator that is manoeuvred as described and placed into the chamber to subject the
sample to physical processing. Alternatively the functional component could be used
to remove an analyte from the sample in the chamber. Such movement of the analyte
could optionally comprise a solid phase binding material which is capable of binding
a chosen analyte in the sample to form a complex that can then be moved from one
chamber on the platform with the aid of the functional component and the movement
of the arm and the platform and deposited in another chamber. Furthermore the
functional component could interact with the chamber itself, for example could
comprise a cutter for piercing a seal, introduce a filter membrane into a chamber, or

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

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

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



The apparatus can 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 thereby 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
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chambers may be disposable such that they can be removed and
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complexity; and that the apparatus Is linked to a control means such that
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more removable chambers has the additional advantage that severa
chambdn afddeniwalfiintpnaiassgean beumanitaststedandtiehteashd to
filled separately with the necessary reagents for a different protocol. The
userveancehemoeleegertd inddeptise thesiriatd cheasmbplefdraodemdactthereby
instance thereby increasing the usefulness of the apparatus. This
apipreting e sagunle farAaUsheAghanTHAsRIPERIE hat by designing the
apparatus such that the platform moves, the arm itself need only move in
a single dimension, thereby reducing complexity. A further advantage of
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components for example a he Per, a foil cutt , a sonicator, anélyerf by the
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turn can be manipulated to interface with one or more chambers also
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protocol. The apparatus is flexible such that its operation can be readily
adpugtledcionaisiagietyb of afiftel emtlyto tprol s @ smigshet of it Hes aoakyta by a
complex sample processing sequence can be established without the
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sample through the apparatus. This also eliminates the likelihood, of
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includ? at tgg éa}ﬁgaratus can be fully automated reducing user error,
sa?rsﬁgfe cORtamination 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
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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



such an apparatus which is capable of subjecting a fluid sample to a
series of sequential chemical or physical processing steps in a
pre-determined sequence, preferably to purify and concentrate a fluid
sample prior to a nucleic acid amplification reaction. It is another object of
this invention to design such an apparatus to be as flexible as possible, to
be simple to use by a worker with little or no laboratory training in a
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contamination o es and eliminating the need for sterilising large
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become apparent in light of the following disclosure. Summary of the
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processing a fluid sample comprising: (i)a platform comprising: (a) a
chatinbapsuatahle for receiving a sample; and

This apparatus has several advantages. These include that by designing the apparatus
such that the platform moves, the arm itself need only move in a single dimension,
thereby reducing complexitj/. A further advantage of this apparatus is that the
platform can comprise a variety of functional components for example a heater, a foil
cutter, a sonicator, and yet by the use of a single arm able to removeably attach to
each of these, each in turn can be manipulated to interface with one or more chambers
also located on the platform to operate a pre-determined sample processing protocol.
The apparatus is flexible such that its operation can be readily adjusted for a variety of
different protocols as desired. Furthermore a complex sample processing sequence
can be established Without the need for an apparatus comprising fluid pathways and
pumps to move sample through the apparatus. This also eliminates the likelihood of
reagents mixing with one another during the protocol. Other 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



(b) a functional component; an arrn capable of being raised and towered
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. According
to a second aspect this invention relates to the use of an apparatus
aBedrdingReiIE b rabisht ihvertidn frihicpissea il oransleniple prRssteh
nucleic acid amplification reaction. According to a third aspect this
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C%@fglr‘la%%? “to purify and concentrate a fluid sample prior to a nucleic acid

amplification reaction. It is another object of this invention to design such an
apparatus to be as flexible as possible, to be simple to use by a worker with little or no
laboratory training in a non-laboratory environment with reduced user exposure to
sample, chemicals or waste. It is yet another object of this invention to design the
sample components of the apparatus to be cheap to manufacture such that they can be
disposed of after a single use reducing cross contamination of samples and
eliminating the need for sterilising large amounts of equipment. These, and other

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

Summary of the Invention

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

@) a platform comprising:

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

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

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

component may be aligned with respect to the arm.



() placing a sample comprising an analyte into a first chamber located on
a platform of an apparatus; (ii) binding the analyte to a binding material to
form an analyte - binding material complex; (iii) lowering a means for
reversibly attracting said complex into said first 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 attractingl said complex into the second
According to a second aspect this invention relates to the use of an apparatus

according to the present invention for the processing of a sample prior to a nucleic

acid amplification reaction.

According to a third aspect this invention relates to of processing a fluid sample
wherein the method comprises:
@) placing a sample comprising an analyte into a first chamber located on a
platform of an apparatus;
(ii)  binding the analyte to a binding material to form an analyte - binding
material complex;
(iii) lowering a means for reversibly attracting said complex into said first
chamber and allowing the complex to be attracted to said means;
(iv)  raising said means from the first éhamber;
(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.



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. According to a fifth aspect this invention relates to

thecesding ta BifiBintsraciBnainreativtlalsdechrdir dbahindineseaterial in a
invention for the processing of a sample prior to a nuclejc acid )
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aracterise at said membrane is recessed within the lid. Detailed
Description of the Invention

According to a sixth aspect this invention relates to a lid, suitable for closure of a
vessel, said lid comprising a membrane and characterised in that said membrane is

recessed within the lid.

Detailed Description of the Invention

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

unless otherwise indicated.

As used herein the term “fluid sample” means any sample that exists as a gas, a li;;uid,
a solution comprising a sample solvated by a solvent, or a fluid system comprising
one or more phases for example an emulsion. A “fluid sample” is also taken to mean
a sample which may initially be introduced into the apparatus as a solid or a viscous
liquid but which is then dispersed or dissolved by the adding of a volume of solvent.
Similarly a “fluid sample” is also taken to mean a gas sample which is passed through
a cyclone during which particulate matter in the gas sample is suspended in a suitable
solvent. Examples of samples include, but are by no means limited to, a fluid sample
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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All publications cited herein are hereby incorporated by reference in their
entirety, unless otherwise indicated. As used herein the term "fluid
sample" means any sample that exists as a gas, a liquid, a solution
comprising a sample solvated by a solvent, or a fluid system comprising
one or more phases for example an emulsion. A "fluid sample™ is also
taken to mean a sample which may initially be introduced into the
appteaindtesia scolitronal viseodbuiedticbtmg\dhiahbierthenh dishatdesbrired in
dissolved by the adding of a volume of solvent. Similarly a "fluid sample”
is%%@zfﬁﬁégptﬁlﬁféaﬁk&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 arc by no means
limited to, a fluid sample collected from the environment such as a river, a
flg mm@&&llﬁ&tﬁm{r@m@ﬁeaaes%aw&%@y@aedsamaimae{asgua or
sample collected from a patient such as a swab, a fluid sample collected
whigRiedl Agepaased iRedugiha Hyalane sugbtibabpamdiptéaia invabieimnitheay
air is entrained into a fluid collecting chamber, such as that described in
Won(pRie 388 damdrthehdikeal\er bisdeinel emagirdstdopad Asrcswiop awgdm bead,
means a solid chemical, biological or physical agent that is used in the
apfRstae R efsen dabletinngd the [ stitablo skesplen chispacatnBivbulo hatgre not

more chemical or bioloc%ical reagents dosed as a solid powder, bead
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Such a reagent may also be processed such that it comprises a solid
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sample, for example a magnetic particle optionally coated with an
aniifpldy for aiamlse. Hoyestar pini-ieoptibnaliyioosbagithtashmtilsb&yse kienilar.
understood to comprise physical means for interacting with the fluid
sainpkyet Hesstero flddhehatiegdntishoelh alshirhéted derstaastireegonepaige @hysical
sonicator, a heating means, and the like. As used herein the term
"fsens | BisrpEtetithdhe flwd sareletolhsesroakl dnelvisn buf frenot limited
apparatus ?at has been designed such that jt can reversibly attach to the
alth DFHET Rk AR A P ‘ﬁ;ﬁ %%F%‘Eﬁ’rﬁ?%ﬁléen *an 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 tiled in the art depending on the specific use of the
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for interacting with the fluid sample. Such a means may provide some

pliysipakpoctesing becthdesgnap keifb thek drval echasibifigatteblin ghaogpticsS 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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sonication, and the like. Alternatively the functional component may
comprise a means for interacting with the chamber itself, for example by
acting as a cutter to pierce a foil seal, to cap the chamber, to introduce a
filter and the like. Furthermore the functional component may act as a
collector for moving the sample, or an analyte contained therein to another
chamber of the ap?aratus. The elements of the apparatus are described in
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pierce a foil seal, to cap the chamber, to introduce a filter and the like. Furthermore

the functional component may act as a collector for moving the sample, or an analyte

contained therein to another chamber of the apparatus.

The elements of the apparatus are described in more detail below.

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

6)) a platform comprising:

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

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

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

component may be aligned with respect to the arm.

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

subjecting the fluid sample to acoustical processing and the like.

12



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

O QlpPAAHASPEBERESIRGSHRRbrINASE A8 SHIRPHEPs 63N Hale& and a

chemical processing steps such as diluting the sample, washing the
shnupledegugotaty Wik diaater moyeliubicksoluticnse seagtndhihdasamgde
with one or more chemical reagents, but may also include physical steps
fdrieicheibaralininie Hrechunbadnipahigh i sxmplerpehifriebty sdbjdcample
the fluid sample to acoustical processing and the like.,
and more preferably comprising an analyte, is first introduced into the apparatus. The
sample chamber can optionally be integrated into the platform of the apparatus, or
alternatively may be removable from the platform such that it can be filled with the

sample elsewhere and then placed into the platform.

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

component comprises a lip to prevent it falling through the platform.

13



The apparatus comprises a platform that in turn comprises a first chamber
and a functional component. The chamber may also be known as the
sample chamber since this is the chamber into the chamber into which the
sample, preferably a fluid sample and more preferably comprising an
analyte, is first introduced into the apparatus. The sample chamber can
optionally be integrated into the platform of the apparatus, or alternatively
may be removable from the platform such that it can be filled with the
sample elsewhere and then placed into the platform. The functional

dOFrTRBATHS 8RR qgralscs AR R rReRis e Faraisehing onsrsardsamdle
arm of th ratus. It ig preferred.that the arm.and the fungtional .

30 R\ AP AR 16 BESRHGH MR AT PR dafen BFVR Bim win
ARARIH SR e fased 3@&@%&5@%%{%@& Qralel that iR tonar

operation of the apparatus can be fully autom . Itis also preferred that
thengbient e ehaicallyabpmor eablyratachas e the fluntipnel GasphRants
Several different designs are possible. One simple solution is that any
feapebiend] wechpormiyt wtabbsigrie dhto fooehiprs e endjprantie Onbictuaferkéd
component of the arm may slot. Once the arm is in position the movement

SieRke depiehinfhedie armIRpwereat ek clidie hnsved toe wevbshisn ofnlaee

functional component in essentially the same direction. One advantage of

i ENSREBIRS dRattitledh Bve AHBESHIRR PRER YAt e Qredaths ivRsienal

the fork otf earn}with h?tﬂ ?f the, functional coma;I)onent tis also
component. If Is pre eI];red aj ?sot and inseftion m%ans eonenﬁi efﬁs 1n Itn er
necessary that’any functional component Is not permanently Tixed to the

RIRUA P hRRRRAAI S RULR dRRIR A fg!dHR Rlaca.en i aRiRfm.eThe

apparatus in'a manner which allows it to be released when required.
ABaiRdp ayaaiffare Helesifios.ateneesiige RagiRdample 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. The apparatus also comprises an arm
dhjsabhécord dingthaiaenitaiy fowpTee artaamin isheindleutipattacing
to the functional component, The design of the arm will depend in part

FETRrERY B Rt DheestiekdirertioBhi A et e amss 1 tfrEenin Aprehpnical
compopent. As set qut above, it js preferred.that the arm is desi d such
e e e e R R e R S P SRy (P B

ORREPRIPIEDI 2SI PR Resian iR Al G AHD LRMBHSES R KAt ;B%le

base of the arm that'is in a plane at right angles to that of the arm itse
andepdiishupamditiavatnstithespenciions| sempenente tdsdrefaredythaiihe
slot and insertion means are orientated in a manner essentially
péipanglichdapofonm niteslé ne mtoieihenanes stheh that nis fusthilty mediogtet
attaching the arm and the functional component are required. It is
prafdisaenttar theasmparanys eote prive Sesmiaiaek doloraitia dnamideioweding
the arm preferably in a substantially vertical direction. The means is
preREieafi o ER ASRRE s mlaHRsm O PRY IS B T ARG SR AFi Cfy er
The path of movement of the arm should be as simple as possible. It is
préelfcérr'ed 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
replisynent insdhempakie MaVRONeeblciTSHI8 kRispe RfioWRIeHNthe
order to adjust its orientation With respect to the platform or any functional
qosifponehiyr glraméenjbeneaff the platform can be altered with respect to the

position of the arm. In the case of the situation where the platform is arranged such
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The apparatus 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 that the functional components and
the chambers are aligned linearly on a platform the platform itself moves
in a linear direction from side to side to appropriately align the functional
dbah frsriantt amak bemploaests/dndr Hatishalptiéth erg igoedh ligearkz g etipdaiéhm
that the functional components and chambers are arranged in an arrgﬁ/ on
Hhe

tihe preifreritiad mrvsndngilinesn dismeindprmgiiniosidhioapriansiradl
functi I t hambers. Alt ivel in if the platf [
G SRORARTHS K ARHERET O PEREAIL it HIE ERA AR AR B och
> . 1 eox
s R R R K S

hgs ihensdnanage R SIpRIRIRHERR ReRIGE RO B MAYRMERh G S

arm but also allows that, in an apparatus designed for use in a complex
ropbisivers aNIpmaieae S ehetlnfoiher qsiaiebhplodessirgmaennsl
can also be positioned above the platform to be lowered into the
chapierssasidabevednbittherp latfopanl iseltinveter Mohain @nche platfotine he
the arm and any additional physical processing means would need to be

predeam midlaroteta g ¢ eppptex atshe alismia SiEisiPatk CREBRRIS Y (95 tphambers.

orientate with the desired platform functional component or chamber in the

coneReteabsdbeady Az of S RNAre e MRS e QO YRR IR SR

asr ir d.f;hE e platform itself can have any size and shape., However it
AR AR R St REER 2 RNl

rOIAPRSIB ARG GRAMARLS GO IONALEAMRORE i K3 %%?&%Jﬂed

the arm or other physical means: This also has the advantage o
NABARIBEIANE I8 10 [ ARNAIR NS s SaNeegLFdde rEnhE pIRARERNIS

are involved. Optionally the platform can be fitted with a sensing
mieehast ahld coathowe fohieotite cirpasid aningd ditivral fuhydicd girocssyhanerier
chamber as the platform moves under the arm or other physical
provksseiad) imbarsogenteddbine eprapitatibien dimensional mechanics to both

orientate with the desired platform functional component or chamber in the correct

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

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

above the platform.
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As set out above the fimctional component can have a wide variety of
different uses. On the one hand it can comprise a component which is
designed to interact with the sample. For example it may comprise a
sonicator, heater, optical detector, means for providing an optical signal
and the like which is stored on the platform. When required the functional
component is raised by the arm of the apparatus, lowered into the desired
chamber and operated as necessary. In such instances it may be useful if
the connection between the functional component and the arm of the
abptauisehryictisfyndipral rampeneteeardaye anride ancsu et uses.

pél?}vide power to the functional component _duringfuse. Alternatively. the

FIRCHEREP 8P 05 REhEIRRT e FREIBTREAt TR ISP S A FiBE R RS d
h tf inth di t.int i hich

8 B U, R SRR AR 805 o

inplydenthat theifdnctivnabe@mRroRRNMAY Resdesionedhsunbibal it ¢afky

operate as a cutter to pierce any seals or membranes that are present on
avyuelRame eietithel }pRebatnG id rissal Biciie drih o aiyapbiahred) teksredEnto
designed to include a slit in the cutting means such that if they are used to
ciht deserad ohanbeamb @peatep Asirgeasiityid ol énttendbsic sam péeuskdelsit
not get sucked into the cutter itself and held there by surface tension.
Ahepeasissignthetvigae fioh Binct anpberarrariny 3 designe thecuprspize were
filter which can be lifted into place by the arm and fitted onto the top of a
cHstiB EF YR BT b AN I L BRSO RN ROBShIBrHEE Briionah
can be a%ad'n fitted onto the top of a chamber if required. Furthermore a
g‘f\?‘éjﬁoﬁlgsltlcl)lﬁn &n'thie 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.
FAfhesere thRerfHAG AN 3bAPEHANSRY TANeRpndsas tRdneyq Bithahthter
analyte or a reagent from one chamber on the platform to another
Chasnddesomhthglpiattarm Ariantheenhediney tdsfielmn fureedtdioat which are
component is used in conjunction with a solid phase binding agent
spatatble fispbidinin griiike aivalind we relage rppyatesirByamidea tsmickatThe
solid phase binding agent and the analyte or chemical reagent are placed
iftgSoRthCOTRIN R CRAY e Astisrrihich Bahihfan epfaleabrieier ta@lerce

functional t used f ing.th lex is then attached tg th
A PR B TR P e PEET<Sh WRe T BT € ABRRie. i

C Is attracted to lenal.cor nctional
S R e 1 I EE mengs
nQY Rasiticnedisadercthe aemn dhe EHM&WWEQ%@WEQ aladathe
complex released thus moving the bound material from one chamber to
anatplerd&enaet ipés frressay e dnefunetionadl podnhencsy tarieatiesien.
remove the complex from the first chamber, the nature of the functional
chitepmtiapltywilt depénoabrothpobimtlimgyrha idesigngdatonesnipoen a1§éer which
Furthermore it is necessary that the functional component is able to

depdsified dsit plaseibvol BB EHSH e Brethe appaaiBeats K9 ken
the interaction between the functional t and. the bound compl
AR oL S TSI TP E AN AR CEGHED 00 P o
_ 15 | ey
e TR TR R e b S e
nQbaalkcandhe e ionabramneneal be et LacmoMethe.camplexsitm

one chamber to another, but also has the advantage that it can add or
refnaypliiehiRdingiagant deh®e KRveanyrgly B tabh ambanit ropaitad.
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A wide variety of different solid phase binding materials may be used
provided that they are able to bind the target analyte to form a complex.
Suitable binding materials can be readily determined by one skilled in the
art and will depend on the analyte and the protocol. Examples include
silica beads, salts, reagents containing antigens capable of binding
antibodies or DNA binding proteins and the like. The binding of the analyte
to the binding material can occur in a number of ways. The analyte may
be adsorbed to the surface of the binding material, alternatively is may be

SBebrraerdhnanienel SRR ERh AY bharsA e mexrmehrehe-mais e

be.attracted to the gi&giqgtgatgrial b CgF

rPaent on). Ope chamber on. 0 another uallg)l elrjign g‘r%ﬁ?’m .Jn one
art na{lrvgfy T6rmal chemicarbonds may develop between the pinding

DAGHA AR AIOELRAMSY ASINAHY SRS RINGIGMBICHALMRYlid phase
comprise biochemical binding Sites capable of binding the specific analyte
i HEtht ARYaBIO dhR Bimsed Al s i S Hitahledo b ihR res and INKERERA.
provided that the binding is sufficiently strong such that the binding
Medesoal iphneveiddigagne sldatnb eidgtanottieniial thaanahderrsdains
attached to the binding material. It is preferred that the binding of the
anathte votthedomdithgr nsackrithials  esmnpibie suchehfatiredhe fdwchiomtional
chamber the analyte can be freed from the binding material for further

cRBRRBgtiorsphiicar pre b shigplany Sitatiechad inthe anrbef tretprratus

remqving the analyte from the binding material including warming, dilution,

i . indi I I

LN SBiaEi) ShRmhe AkdFRENinding ERFRILAapad e
esent in a ch er. prior tq the additjan of t aterjal in guestion

dstiont Sprapbnett, oe hickiond] componcal i faert S Rialfect, o S
Mt il haRRALe BB SRR Ol AR R Al AL RUERAS AR onent
formulated such that it comprises the binding agent already. It is preferred
thalerae Linehe g JRplerialleABIRNSEHMIYNBI 6 g MPRAMSESHIAB e Repds
include those supplied by Roche, Promega and Estapor. As such it is
poeferied. tRaicthie iflrectiaagl oo thp Hmetibits ethip @ entigrietds et iemble the
beads are attracted or alternatively that it can be used in conjunction with
aomatprefremwii dirsthehbebastkatnatire ofshh dvaftrnah efoneynhailindspend

functional component comprises a sheath which provides an interface

senihsebindesiaiseFohatiras hrsnissdordieieaRerehé Sorsptesenystpt the
Preferably the sheath i tedont latf di f ial
RSFRRL AR A o RS 0 SRRt & AL LU of e

JURFHRAL GHROBRE o
uacied 19 ihe SHeR !0 suehan &Weﬁ'%gwﬁﬁck%oﬁé?f% [G340ALIRE e
aBBaratus comprise a magnet co-located with the arm o th apparatus
thalfrrRelaveRe istethasheath RisRP Maenata irld ARdiaigssh
out of the sheath to remove the magnetic field. The sheath is then placed
iBéenpoabR MM ©tdheoap By BihiEGORRIIHE6 thEeh URAICORRIPIexWEh the
magnet is lowered into the sheath and the complex binds to the sheath.
“Ehagheathaisodtim dimbe g rgditeriorgisdthisTive thatfesutt thavest sobhdathe
new chamber is aligned, the sheath and magnet are then lowered and the
rfagheraleeBrersny PR asethe mRltyihe rompissHoaPRre chrpextanTiality
from the sheath into the second chamber. Small movements of the sheath
FAES B AUSGPIRE A 1 Br R GRAETIS U O G SO GHhe
sh‘(;zgllltc an é/vy%ralsﬁ%g t to mix the complex with any reagents or solutions
if the new chamber. Iternatively the analyte can be elated 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. ftis
preferred that the apparatus is desighed such that one or more
components of the apparatus can be detached from the platform and
removed from the apparatus. This allows for chambers to be readily
replaced either during the operation of the apparatus or before or after
use. For example a fluid sample could be remotely loaded into a sample

rbhamhbar anAd tha eamnla ~chamhbhar than lnadad inta tha nlatfarmm nf thoe



It is also preferred that the apparatus be designed such that the whole
platform can be removed and readily replaced. This allows that after any
given sample processing sequence the used and potentially contaminated
platform can be removed and replaced to allow use of the apparatus in a
further procedure If the apparatus is so designed it is preferred that the
platform can be readily and securely mounted into the apparatus for easy
OA UEd QAR BPIBEESHNY B Tivisiafit viiliia; sHptRIEKy Heaisapataidedahat
the present invention may also comprise optionally comprise one or more
fittrelr@rackiderth disd Drependingabitetivefarseacfothplep pRubitbls tiedsgurtheials
chambers may have several roles. An example of such a chamber would
ifan ki et ot atserdned s dtisthipribmy tamirdl daerbendhoanedyiomen

are required in the sample processing protocol for diluting or washing the

i praterokite FEMRIR BFRARIY Prafetii Corembh ShTtainny pafsres
or afgqr u§g.t%rev%rgt onta il(}%tié)n assrintg.fromdoge ﬁﬁmp}ﬁtg.%ﬁth?
ol pEbindibe antbogies o} BIA bindis motbias shd e BiC Mk biadie o

CHAMREHCRMALIBING AN BRA UG SRAE TS IRALE AR 19K thhe analyte may

predetermined sample processing, for example a cell lysis agent such as
chagtisopbircts alssupieh sihaambeanscant e perdilegywithsthay 86 ub®ebed to
solutions or reagents during manufacture to prevent user error, to
niheinisee qflhmeinthenmisedil sttefieide]jotinr evelytesampte aariaeditatien
and to minimise risk to the user from hazardous materials. The number of
chiading: matedalirex] Godambicehgessts abiefuiiecelyifdvaad epherinahtbapdnmag
chosen pre-determined sample processing protocol. These chambers can

heevRleR) hettrRemh BRobBiRE mtAHY 41d MRRROAT SHeretiinlbdhtdinding
another as described. Alternatively. the reagents can be moved from on
R RS ARERS AT ARG IS T BT PRAtin, b AT PEalie s
t g a.qi it.is p t e bindi .
o A e A doventin
CorRaReRbisHenHingg {osmreMetiamatatiaismARioRaln he ARRR @S ed
could be designed such that one or more reagents is dried, preferably
freezetl igdnbeiadasoaidahauktaaalgfeadunal analedhe Biidez material.
alternatively that one or more reagents are freeze dried onto the outside of
alsisipblendrioy did diatagitbatmhiticte badimgueatdnalrerduersihdnaich
component. As such the reagents can be introduced into the sample
ptessdBShegrendiere shpphreta rieabirar b hspirenfrom dhrdbding imstraigicior

attachment heing lowered into a chamber and the reagents being

OB SERFTHSA) (e RIVETAL BPERE SN crioMalTBRBO RERTS THE Shrastd for
removable attachment.can he for example simpl lastic body with
rﬁ%‘?ﬁvffﬁwtﬁfcha%%w ;ﬁ— r%lgvglc? b%ml%n o*gg%erﬁlé%nlg %‘Tﬁﬂlﬁct‘ﬁ)na mplc‘)lﬁce’rrl‘it
a&?s&%ﬂ{g'&ﬁl%ﬂ%%{gfaﬁﬁ’h@‘?iﬂ%‘?eﬁ% Aifeho G AUE! SHEAGRy BYER ANt
functional component or suitable removable attachment can be batch
PreRARehBsIhH R ergemesthe drablemeahr eleasstdhsaahaiaghatican be
beads which is sometimes hindered due to the surface tension created. A
fuaddeel terhdiaoderarfteistihatiditeneddentsatezal, ve fuetbzendrienh dtedifferefs
heights on the functional component or sheath such that each may be
sEiRESNS & iFPraPRtbAY rdasiitateshvalsh gihst tHecrBaEees el bindisa s
the desired chamber. This allows for different reagents to be solubilised in
tlﬁ’f‘F?%iryalternatively 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 essetstially the same characteristics in the
solid phase binding material, comprise small



differences to allow for ready separation of the different populations. For
example the populations may differ in their magnetic properties allowing

for separation of those with stronger magnetic properties from those with
weaker properties from each other using the same functional component
and apparatus design but simply by varying the strength of the magnetic
field applied. Alternatively the populations may differ in their size, electric
chasgeecfittedeset e piapgrieserl poapeite snafieta siicieberiapSitable
such that each of these could be used to separate different populations

withdn inplusdspbestisurmdicdrelirRpebeRsqpregseandi Bstantion AT kit isgreferred
enhances the possibilities of the apparatus as unit for performing a given

st she pressiaratisrpteeriolsSlitabRasab EntiRb AP esedtirbHC0r
o B e S e S el
Tri.s, i Icohelic soluti tassi t

A B RN A0 L PO S

rAUEN YRR A CRARIEP RIGWaLSIHR FRAUS RS COMRIIRIhONS AP IR0 the

nucleic acid amplification reagents, more preferably a reagent selected
fiymplae BEaEp PRITSIBING RS sHialRin asistdarionelit plutiais acidl Brekes of a
fluorescing dyes, enzyme buffers, nucleotides, magnesium salts, bovine
seatemiah Koicinthaa iwiendiesmagiebidie nside at shaiit Al e ahplsxbeil ferattsetid
the present invention may include those that comprise several different
ale gy, hephirafacdsush airephpdimentiidsinreread dntte wngrusrMemirisase

of selection by the user. For example the sample chamber may also be

iftagreteer'fnaed Witk hfranafbe ARSI ¢AR bdewerstirte thistirethoioa
i t L. Alt ivel h ise. t
T R B R o S S SO T RS . The
trated t \ . _
(AR EPER RS AT RARAOPG L PR-LICMAMAAT B D ARG,

MARIRAGHL R SISRIORRY R 3hSRE0MN oMYA G0RE MO Crhe
chambers of the apparatus may also be designed such that they too can

bsheamavealpnattachns toitee. arae plathemppaatuschithia alewschambr is
required a chamber can be mechanically removed from the apparatus.
Ophigoerh et bieplatiol magreey e Hesigneddalibibe magesssmsorcid.tHihentpe
chamber removed from the platform can be lowered, by means of the arm,

tHnaEsh ihacraevess hacsrmplen vilh Bilhavairdomy theerhsatvinte dbfusgsepd

apparatus_or be removed from the apparatus manually by the user.
gh%mber. Small movements of the sheath%g and down by tﬁ‘e )é.m%/ml? 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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It is preferred that any chambers for use in the apparatus, especially those
comprising pre-dispensed reagents, are sealed at the point of
manufacture to prevent contamination or degradation of the materials prior
to use. If a chamber comprises one or more different chambers separated
by a membrane it is preferred that each is sealed separately so that they
can be opened individually. A preferred means for sealing such chambers
is by use of a metal seal, preferably a laminated metal seal. Alternatively

¢ o ombri i g

R G R Rl e R
GRpiRRINaLORe RISRIERd TRGHIRR Phiftens amaiareRadBah IO AuarRaraiis.
It is preferred that such a seal is recessed into the lid of the apparatus so
thiedwyHernchambiets sodde sexdli e phided iatefing@ignththe eraeord oRb Gipaarm e
into contact with the seal while the lid is being closed. This prevents
coriefrnertiafefroe therusampladvBuid styrievdihatingetedysaadpdeithag
could then lead to a false test result. This is particularly important where

thsng ke Fhaaeben et dbeasomnisy chiaben shes f ifftpethaoRiatfoms 6f the
samples inyalve biologjcal material that could resent on the skin of the
(OB AR R HN AR sé’ﬁﬁ?&%%‘?&&%?%‘iﬁe‘%&é%ﬁﬂﬁ%iafo the
Whieh comes o ganiagl wilh e user L ieldis holan Slased.u o
Prefera F)} the seafuls recessed Tfom Both Sidescot the id Such thatthe
%%é&igpr%&m&&@%%wﬁly%@h@ﬁﬁ@@ﬁt@%ﬁ?&grﬁﬂe@%M&im&of

the lid. As such this invention also relates to a lid, suitable for closure of a
uRssakisaisk it annerAsi ngsewnebsnaARdic Rakasterssd i thal Haenore
membrane is recessed within the lid. Any seals can either be removed by
thenppecatoppiierapparsmotthdchbamibed Adpendaty ety theespair atgsof ale
comprise a cutter which is able to operate mechanically to pierce any
eaksaies rdipuipaampedascoibd Juphgrsapay eoramiseor perkispenird reagent,
chambers of the apparatus maéé)gtionalli/ comprise a_trapping member.

SbhaseneifirAspirghietsmnt densarion of Mk FE REAceEwin I BsAtOBn dE such 2
terial, a fjlter, a.filter stack, an affinit trix, a magnetic, separati
abecbe Tt e feet e hersu Re e il Bndfoa

TPER6 %“Jﬁ‘fs#&ﬁg ipidites ﬂs%?”tP'ﬁaX"Pﬁ{}J}rE? é@MBHXe@E%%“&%%JHé%BW@

apparatus or alternatively to provide a filtration step during the sam
RIERRSNGIPHRR Al tRRAHY esbARa keagseeh UHdhe REACER?ING Rib B
sample may include physical processing steps. Such steps can include
thesntal, acpusitionoptiaal, weniaalingstelectinaltero GRS SRgmSeaSitEnr the
monitoring techniques and the like. Such physical processing steps can
becstetizeted tire platfontne r Birthiétforentitiaysebi§ stdutabeveethlesthanbyrbe
delivered to the sample within a chamber using a functional component

Ve CRLPrESoried i isrrkadO s 1 sty An e ke vach Biaties apan entidentify

Tt I TS

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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within the apparatus above the platform in a manner similar to the arm of
the apparatus. Such means are ideally desi 411 ed such that they can be
lowered into a

It is also preferred that the apparatus be designed such that the whole platform can be
removed and readily replaced. This allows that after any given sample processing
sequence the used and potentially contaminated platform can be removed and
replaced to allow use of the apparatus in a further procedure. If the apparatus is so
designed it is preferred that the platform can be readily and securely mounted into the

apparatus for easy of use for example using a twist fit with a simple lock.

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

given protocol it is preferred that the binding complex is the same in each case such
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given chamber, located directly beneath the means, as required and then
removed from the chamber when no longer required. Since the platform of
the apparatus is able to move, it can also move to position any given
chamber with respect to such a physical processing means. Optionally the
apparatus comprises a means for ensuring that the platform is correctly
positioned with respect to these additional physical processing means if
régtir sthsex@innblenalofosupsmentcia megintsd de niswe dhe motetialite @pdionabin s
for heating the contents of a chamber, a means for sonicating the contents

oPRErARAEH heedpredoh i e SBmEy APsRReImSigh ArRta s b fEezs
eans for detecting an optical signal from a chamber, a means for
b SRS o I & ST P AP B IS P et
0L NS APRY AR CONRESE ARE R Bﬁ%%e%}*les[? %W'E]&l%gbeiéﬁﬁzfﬁ{ment
heating or a means for sonicating the contents of the chamber. These are
p@ﬁﬁ@# @HM?&W@WW%@%&@H&@%&&M&%@ f%@ﬁQ&?%énE: W be
comprising biological material prior to amplification. Alternatively a given
chaaesoiihe dpparapls phaydsrdnediies stichhthabymiatotpolient or
contains can undergo the physical processing either directly in the
amtabit wemovablveritthiensgop beaigi igemd dificd thambrrdadberengpérgs being
additional components or if the chamber is designed to be used in
cenijlised risamnthe favtbide picths Smsppriatasiroasnéxabhpleiiable seapapible

needs to be heated durin processir}gﬁt;h_e walls of the chamber may

ORI heaRibR) Tl BN 21larHAdiPhoRithisStBe R Afbcgrbe

lternatively th be.coated with an electrically conducting pol
N e e R o RA AT B o
healed DY ARPIMING,RP SleICRh AL RREHHANGHPORES: WRLSIOTANG e

more chambers may be flexible to allow acoustic processing, or
alieiMiRIYatD6Y FIRY BRIBISRRIGNSIeN:OHNBEHAYEIaeRtks of et
to allow optical processing, sensing or monitoring. If such physical
pregassigeisy ediidets Sometper athdestdodild etitlesighedtenitntbabie A
chamber is positioned for easy and efficient access to any means required
féwther physiceinpnd dedsinte \Whgmttwaydpafeurs iedat ddifpratdeighly en
sample comprising biological material prior to a nucleic acid amplification

réchigisional rerapragngt Shrethrted S Atsdr SRy AT UBREEdintER by

electrically conducting polymer and has a transparent window such that
RS ERRTH VST Bel0 % EFCh AoeEGULAH R PR e WO ng oFe

AR PIICRIRNLS ar%E{l%” ! ttct‘ebapsg;ﬁl%a}ﬂéédc%m&gﬁe%a Damber et
a material IS t0 be hea or cooled It Is preferre that the chamber has a

highySHEBEE GeR :I‘QeMPJH R SRKQiSUCH that sapid ReaL 8XcRMRIE FBDadded

occur. One example of such a chamber is a capillary tube. These are ideal
fas thecsamid Reating sreceaiing THismathvelMRee bt BeMPiaslity of the
However, due to the surface tension of a fluid sample it can be difficult to
|atsi ghe i dpparapleaintoding apilaprdigoeinidstihefefeng giptiopatycol.
preferred that the platform can be rapidly rotated so that the fluid sample
can be introduced into the capillary tube by centrifugal force. This provides
a further advantage of having an essentjall circulaérfglatform. If the

oA o AR AR RS R e SASPRFRS S T o ST Bepu Ridans afisajid
fluid are. designed with_a recess such that fluid within such chamhers
B D R The o e ARG GO MG L RIS
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using a pivot such that it can swing freely whils platform is rotating

SkizBntiat e {uif caibR e ItstNe sRREIBNGHIPRaterial, comprise small
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Therefore as set out above, the apparatus of the present invention may
optionally be designed to comprise a functional component, including a
physical processing means, which is either cited on the platform and
which can be moved to operate in the sample processing by use of the
arm. Alternatively it may comprise physical processing means located
above the platform which can interact with a given chamber by being
magkaniealy A0wese s, eg.chiRmbehas feleptopulstrgiered thable the
those means which are expensive and require power to operate are
|opateidtioesmanyetifiyrvidi lieitheagpparptosdiss wldivinp |Atf arpuriine xéthpie
a means for heating a sample, a means for sonicating a sample and the
| eirpReciome gegtip ReapsHiehiiprt b ps o atlcueakeetipditiea prratzagh other
these means should be cleaned. Alternatively the platform may comprise
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aratus. ilarly it is prefre jona

CopRoReNtSWRIEN FARLHSALINLALSIGREH LD BE HiSROsAPIELe.I6RI5 s

on the platform and are moved with the arm of the apparatus. As such, at
thg,sind ofdhenaheiationiRkthe AR paiRbdo hp KII& AP pBpinHding: it
constituent components can be removed from the apparatus and disposed
ofin Thppamainsmiseardiagple deniamenationedixamplEsoffenbér campoacnis
include cutters, sheath for movement of a bound analyte binding material
caonsibikitiiters thelspralathe fikewil Herappyéraning naagivtistmajile peeparation
integrated with further means for manipulation of the analyte in question or
mﬁﬁfﬂ?ﬂhg 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
ingonunction with an optical detector, it is preferred that, t ical.
o R B T S ol B P e e
WhaHt INRIRreNcEH aTRridealichkidie arpaiaisuitsallcaD PEdEsdum
wide variety of different designs, shapes, sizes and can be made of many
difetentampieiidsdeaneitinbomtha e clicHese. shiutikaes teoraisimisedar
cost of the apparatus and to ensure that it is economically viable it is

prafé Fasittydbthectaonbe re gas onamefbotmedufes thaccicalys ate gailt sudh
as a thermoplastic material for example polyethylene or polypropylene,
Py cheplErTiES, Bdisy|it TRRAETH SPTBRAISIE ABSSHY rENNES cBIsHIPnedormRiidgrEan
thereof. The apparatus or its component parts can be transparent or, |
traFSERE RSP Bﬁwa!ymmgémwm%mw@méf Bt aeir

codedito hoipdirectihe unskilid siser as tp dhe Sorreet K30l NG cieoides
ar?paratsds. ftis preatcerre%f ?Plat’ the appar%ltug IS po%gglle such that It can 6&

u%ﬁ%ﬂésﬁ?ﬁ Uald- ga%iak OBl DR YRR SIa e pla SimPple 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 -30C to about
+30able 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.

Altematively a chamber may comprise two areas separated by a membrane which can
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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
pstadorehd Fdsusvean Chesaahipuditivnesiopréroeeivirdm thesdnsioieea, the
optional interface, If the apparatus is so automated it is preferred that it
cORABREEE P R5rRieicRTle Abrs TOFSHR0 GRARA PRRGF SR 'O0FRIG) bF rcesdiAipternd

cling of sample chambher and aJso for control of optics.
e § g

thf% tgler%narlﬂé lin :
Prefefbhy the e he BAtOMATSHIE d€€igned to minimise the

time required for processing a sample. Embodiments of the invention
facilitate processing of a fluid sample according to a pre-determined

PraiRRGndRISAR R REGR alsnbelatase hRdas al3nRp RIS RECAHIRG:

to the present invention for the processing of a sample prior to a nucleic
acigdapbiicat oenieaatiDnathchal tingetarm birthetnapacs, tmgdanent ahat if
relates to a method of processing a fluid sample wherein the method
comqpiiebs chamber can be mechanically removed from the apparatus. Optionally the
platform may be designed to have a recess such that any chamber removed from the
platform can be lowered, by means of the arm, through the recess such that it can

either directly interface with a further apparatus or be removed from the apparatus

manually by the user.

It is preferred that any chambers for use in the apparatus, especially those comprising
pre-dispensed reagents, are sealed at the point of manufacture to prevent
contamination or degradation of the materials prior to use. If a chamber comprises
one or more different chambers separated by a membrane it is preferred that each is
sealed separately so that they can be opened individually. A preferred means for
sealing such chambers is by use of a metal seal, preferably a laminated metal seal.
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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() placing a sample comprising an analyte into a first chamber located on
a platform of an apparatus; (ii) binding the analyte to a binding material to
form an arialyte - 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
nayRighed csilitiicanedas & sensesiBiynatdigeisng baitiasnophe; {jples
lowering said means for reversibly attracting said complex into the second
dnapitselialogicdl owatey dhéat moydichetprerentaut fhorskisadd theasrs; Such a lid
could have the seal recessed from the side of the lid which comes into contact with the
user whilst the lid is being closed. Preferably the seal is recessed from both sides of
the lid such that the seal does not contact with the user accidentally before or during
closure of the lid. As such this invention also relates to a lid, suitable for closure of a
vessel, said lid comprising a membrane and characterised in that the membrane is
recessed within the lid. Any seals can either be removed by the operator prior to use

of the chamber. Altematively the apparatus can comprise a cutter which is able to

operate mechanically to pierce any seals as required as described set out above.

One or more of the chambers of the apparatus may optionally comprise a trapping
member. Suitable trapping members include a microfluidic chip, a solid phase
material, a filter, a filter stack, an affinity matrix, a magnetic separation matrix, a size
exclusion columnn, 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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characterised in that the analyte is subjected to a physical processing step
either in the first chamber or in the second chamber. It is preferred that the
physical processing step is a sonication step or alternatively that it is a
heating step. Furthermore it is preferred that the method and any related
apparatus are also designed such that the sample can be additionally
subjected to a chemical processing step. As such this ensures that the
méthiadieangperiexiaboaddptaslddoatcommeodaie aiwitle tange afmlifberdiat
sample processing protocols. According to an even further aspect this
inpparton. refatbsmoatisearssislesily desibred audofbihdhey waa hreleraradvistaion
for the processing of a sample prior to a nucleic acid amplification

réEiothambes firselst firertlidaarald tesemesny s ssapiceding Metedrmpved
w'thinéhe gample Lﬁ%rflealse the nuclta'c cid ate[i%. The Jysis can .
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sical lysis step for example using a Sohicator or both. Sonication o

SYAIGIIBBaichIanAKS eI ﬂh@igﬁi!ﬁiﬁw BYRpRESPaIEMINEE MayiRe
present. It is then preferred that the analyte is moved through two different
chamiherplgtfsth coropisitly pobitifredomvasbstlaet anahde thilineter physical
comprising ethanol optionally with detergent and other optional reagents
forexssmglm¢arss ook riderdsatdupiOReaiyehids dret tienchdidedd o,
the sample for example primers, probes, fluorescent dyes, enzymes,
nEERIS fercacaing BeeAREENtIE hefariRend dnratdARIIBieRsE thn ligriyof a

fram the binding mate,ria%)%y the use of aﬁsmall volume of preheated water
[

fE AR Bt APl ARAIANS AT 868 YR SIS BoTBHRSE: RITENS 4%
reaction mixture is subjected to thermal cycling with . gptional real time.
e, S ST A 3 S, 1 e iy SR I
tQM%B a chamber and the like. It is preferred that the apparatus comprise one or

more of the following a means for heating or a means for sonicating the contents of

the chamber. These are particularly useful when the apparatus is used for processing

a sample comprising biological material prior to amplification.

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

by applying an electrical current. Furthermore the walls of one or more chambers
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According to an even further aspect this invention also relates to the use
of a binding material in an apparatus according to the present invention for
the processing of a sample prior to a nucleic acid amplification reaction.
Figures Figure 1 shows a perspective view of the apparatus. Figure 2
shows a transverse cross section of the complete apparatus from the side.
Figure 3 shows a birds eye view of the platform. Figure 4 shows a cross

seetydre Viexiblsf tthel loperatistic girecéssingional eormipehethi shepy hedutteparent

piercing a laminated membrane on a chamber of the apparatus.
to one or more wavelengths of light to allow optical processing, sensing or
monitoring. If such physical processing is required the apparatus should be designed
such that the chamber is positioned for easy and efficient access to any means
required for the physical processing. When the apparatus is used to processing a
sample comprising biological material prior to a nucleic acid amplification reaction it
is preferred that one of the chambers is both coated with an electrically conducting

polymer and has a transparent window such that this chamber can be used for the

conducting and real time monitoring of the amplification reaction.

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

tube.
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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. Figure 7 shows a cross section view of the operation of a
physical processing means, here a means for heating, to heat a volume of

SqikHionQRet %E%&J@Eﬁ@%b?@iﬁﬁ%%@@ﬁ@é@ﬁt FHOLEoR SRGVEBLREIDPDe

section view of the operation of a functional component, here a sheath,
wikisigridag nehiorike| e dsec tlead) osmpbadia) yieludiog heipdciignochaing éfeans,
Figure 9 shows a cross section view of the reaction chamber, here with a
fureinb irtiSismpisd entthearet frencad evhigh peshonared éapiiseatemdtionample
CB?oTeESng by use of the arm. Alternatively it may comprise physical processing
means located above the platform which can interact with a given chamber by being
mechanically lowered into the chamber as set out. It is preferred that those means
which are expensive and require power to operate are located permanently within the
apparatus above the platform, for example a means for heating a sample, a means for
sonicating a sample and the like. To prevent sample contamination between use of
the apparatus these means should be cleaned. Alternatively the platform may
comprise chambers comprising cleaning reagents into which the means can be
lowered after use and this washing can be integrated into the automated operation of
the apparatus. Similarly it is preferred that those functional éomponents which can be
readily designed to be disposable are located on the platform and are moved with the
arm of the apparatus. As such, at the end of the operation of the apparatus, the entire
platform including its constituent components can be removed from the apparatus and
disposed off. This minimises sample contamination. Examples of such components

include cutters, sheath for movement of a bound analyte binding material complex,

filters, lids and the like.

The apparatus may optionally be 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

cogjunction with an optical detector, it is preferred that the optical detector can be
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Figure 10 shows a cross section of a lid of the present invention with a
recessed seal. Figure 1 shows perspective view of the apparatus 1. The
apparatus comprises a platform 2 held in position by a twist lock 4. The
platform comprises several chambers and functional components
(detailed in Figure 3). The platform rotates driven by a stepper motor 6
and a drive belt (not shown). The position of the platform is monitored
ubEhY eatlRdd e sesotiipotish dalpptians sy BIRSATEDTIE e MisUsrersat Beom
the stepper motor 6. Located above the platform 2 is the arm 10 that
cBIAPHY ‘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

Cqﬂwgﬁﬁaﬁsmmkméwﬁé%@g@m&x&a%gx@%w&,%m%%

12. The magnet 14 is shown in the raised position. The apparatus also
cesnprse s Phest agaanaal&iashizienalsg caiedrbime ihe platiade #
and shown in a raised position. Furthermore the apparatus comprises a
meansifotisormsatii the amanpie B8dagainstoe thelditlseeerttreipddliforabl2 w@nel
shown in a raised position. The linear movement of the arm 10 and the
niuefeeed Ahrf dhie chanbar e MPowkEse o Hebeapemaigrighguch as a

controlled by a linear actuator 24. The linear movement of the heatin

3 g
miBeioRlastit aerial on X RIS HRON Y S Eafh e TR GRYLFR A1 A obYRIERS I e
motoy. 20 ttachgdt .drive%l{elt 22 alnd indirviduglulg ctgntrogleghby linear
a&fiaterY 28 &h IE reensef)s ?ﬁﬁﬁo %gnéeﬁﬁa%s aTsoetr:%orﬁprlsggpgac%n 1ol
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section of the apparatus of the present invention. The components shown
R EEEAERE AHthOTEISHOWRNE I Rl R CBRIIARI INE M IUBI e 24:£RD
not be seen from this view, This view additionally shows the drive belt 40
atischitxbetappaetons.6 for rotating the platform and sensor 42 for sensing the
position of the platform. Figure 3 shows a birds eye view of the platform 2
of the apparatus which has been designed for processing a fluid sample
prior to nucleic acid amplification. The platform is mounted on the

apips RifRGdiHg P RS RER rib perabe el tabibratdsitdnibsdeldors

functional ¢ nents,. g cutter.50.an sheath 52. Each functional
e e e e SR e VA
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orientated such that as the platform rotates the forked compo the

ak B%ﬁi’&%z&ooé@é@i gides theriR eftbe unalioRACOMRENERYe Jf'fom about
apparatus also comprises several chambers, 56, 58, 60, 62, 64, 66 and
6838 aab fbihese 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 recess at the bottom of the chamber 560, 580, 600 and 640
respectively. Chamber 62 is circular in cross section. Chamber 68 is

cifcifalsmrerderddbtiohnapriisn o leapmanyis fe Y aomstets (Rais bas
CQS‘@E?HQQJ&%E‘E%%@Q 'e%%g %??fé’ee zrm6d8 r%glgciaﬂ%rs]gi“grror. In order to automate
the apparatus i‘; is likely that it will need to interface with an internal or external
computer or other suitable control means that has been suitably programmed.
Optionally the control means can be chosen such that it can be programmed with

more than one protocol and the user can chose the desired protocol from a suitable
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comprises a lip 70 that allows the chamber to interact with the arm of the
apparatus (not shown). Chamber 68 is mounted in the apparatus using
spindles 72 mounted in sockets 74. Chambers 60 and 62 are mounted
together in a single container 76. This container 76 is detachable from the
platform. The platform also comprises a cut away section 78. The use of
the apparatus and the platform for the processing of a fluid sample prior to
nopfieicbicidrace |iffchti eppgraes Guobeiomatedhtrisferefaved thihét atwopeses a
figures and additionally figures 4 to 9. A container 76 comprising sample
chentipmemisier pregsenaise R eprireh e dor s53apcCharihsard xysling of
preloaded with several reagents required for said assay. A fluid sample

COBIfS RO h ALK tEPTs CBHEL R Mol LT tifes sSfishse of the
cg&mb 1ror610. Jh{e sadr%ole. chamla?r IS g;eeloadéeg rWi}hchSChemiCN Sis
reaé’é?]at guélsnl(fi?%1 %y roc or?ae.el\}féngne‘fll%:uﬁlnglr?g SAde 158"HS then
added to the sample and the lid of the sample container is closed. The
container 76 comprising sample chamber 60, sample and reagent

ChaiphemerddDanslad affeh MRS grobdaiier oY isubeadeadacdddting a

apparatus 1 and locked in place using twist lock 4. The arm 10 is lowered
aprt-deeepiaiitol profovotated 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)

COVEHY THMBEP 56 2185id9s thepissied 8pHPrARIHR SRS IS b BFRTaMy
i th b i hamb 58, 60, 62, 64, 66 and 68.,
e e R A G A

component, here a cutter 50, piercing a laminated membrane (not shown)
on to top of a chamber, for example 56, of the apparatus. The chamber 56

IS QUGG tReRIAHQEN, 2nil AR AL HIMSl &I G SHORJAR PhIbGR SRS UaNA
component 52 that is used to engage with the fork of the arm (not shown).
sample wherein the method comprises:
6 placing a sample comprising an analyte into a first chamber located on a
platform of an apparatus;
(i)  binding the analyte to a binding material to form an analyte - binding
material complex;
(iii) lowering a means for reversibly attracting said complex into said first
chamber and allowing the complex to be attracted to said means;
(iv)  raising said means from the first chamber;
(v)  moving said platform such that a second chamber is now aligned with the
means for reversibly attracting said complex;

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

chamber and allowing the complex to detract from said means;
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Figure 5 shows a view to illustrate the detail of the attachment of a
functional component, here a cutter 50, to the fork 12 of the arrn 10. The
fork 12 of the arm 10 engages with the cutter underneath the lip 52. Once
all of the laminated membranes of the apparatus have been pierced, the
cutter 50 is returned to its original position on the platform 2 by rotation of
the platform 2, lowering of the arm 10 and rotation of the platform in the
opptasirsistidantibat thechmalyie theboaieadf tthepaysickDraongsiies] hepfeitherdnties
52 disengage. The platform is then rotated such that the sample chamber
6T HERPRE CaiBdbsRERREEMPE:- means for sonicaling 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

%Yé.ggfeyédﬁﬁttetﬂeti?hxﬁg A %%%%Sﬁ%@%ﬁrs%ﬂ?&gﬁ‘&j% §S MR\ mat

release any DNA. At the same time't emical reagent guanidine
nydioshaie Han st o deic R Yolp B auSsl'sl g reiaed
sample. As the DNA is freed it binds to the magnetic binding material to
fappratco aplexo \d8sRAsosica R ifecample e mrmishiay Sapieathe a
the sample 18 is removed from the sample chamber 60. Prior to being
stbeedcth @ measisg cteponidatirughtlibis ansples 118ais thesmethsh ediinbiy Genidsh
chambers, chambers 56 and 58. These chambers are preloaded with a
sultaksd th afnfBedaiaipide sanempishliesuis anpheneessigipioigerlshe
means for sonicating the sample 18 is raised from the sample chamber
60, that platform 2 rotates such that buffer chamber 56 is now located
upnderneath the mea r soniezf\t{ﬂﬁ the sgmprlquj%Ss, ttgefh%neans or

séﬁ?gé Prllé E%élgsgr‘ﬁﬁle OWerhio buttel CAaMbEr activated Brigfllf/l%ﬂ?}o

ARG ind o QGRS 1SAGREAIBY S SIRBIBRE B8, '%\JIE{SlU‘&i%‘P‘ES’ AP

the means for sonicating the sample 18 is raised and stored. The arm 10

isdhemipuweinmarchihonp i<t isiptatessuantithaleh e, 1gsenagdetular
underneath the lip 52 of sheath 54. 'The arm 10 is then raised thereby

raistegashadath Sl aabsvetdhelplatiatio icldie piatfarmedals thr ngtatedn
such that the sample chamber 60 is directly underneath the sheath 54.
Topsicratyl Dei tofvened byerathyrideabtinty tepsfeeataBalentsiteca sdrandiephic
chamber 60. The magnet 14 is then lowered into sheath 54 and the

rieagRRlisusk A8 SHIBdasAER thieTIR LTsaBemAtvake afhysied) fsinatep for
sheath 54. The arm 10 is then r;?ise_d therehy raising sheath 54 out of

SSABRICCHIPR B 2Ph &' rRAGIncROPATPAiSEA UFRIfABETISHF 1AL
1t91eslli|1?tri]a.{ '&?strf}pﬁ%rﬂ"c’%‘ﬂ%&%%i gttr?lgyst)@ep%gegé "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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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
coptiptekedldimatiricibehaty sisdoshenithrsie afipdidatRbsactibtoatidepositively
magnetic beads 100 is then washed in two buffers. The platform 2 is
roftensdy SrFaedt first buffer chamber 64 containing a trio hydrochloride
buffer solution is directly underneath the sheath 54 to which the magnetic
beads 100 are attracted. The arm 10 is lowered, thereby lowering the

5&&%@&&1&%}&“%@% PQ%’&‘P iSfhy At%em% Nelated 13 ARLIOWRCBinging

thoug IS means that the be s 100 are no longer attracted to the
Stiaakbh bl ippieatkdetiankand ( s uiisok i RaRit g
and lowering o the arm 10 and thereby sheath 54 in small vertlcal
mavereents ensuicikithaicihiitifdaiddoadtoreleased from the sheath 54
and are well mixed with the buffer solution. The sheath 54 is then lowered
back into the first buffer chamber 64, the magnet 14 is lowered into the
sheath 54 and the magnetic beads 100 with the DNA still bound reattach
tdiEESheath 54. The process is repeated to wash the beads 100 in a
second buffer comprising 50% aqueous ethanolic solution contained in a
second buffer chamber 66. After washing the magnetic beads 100 with the

][.\IA b%srﬁg in theérseg nd ‘pllet‘tvf%rf&ihamber 66 the ann 10 is raised thereby
raiging Fealy 54 an Ieavmg heP Pnagnetlc 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
thagiherareiioneharke cRssiscan simstnyidemppatinihedsmennsdor
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.
THewppehewsa budsstieatw ehtaplaifome, approximately 100td 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

tebm er? ew%f 5’:1 I’OXI atel &,Onc%r t&hle ater 96 lS gégld the ¢ here
eatlng i ralsec?‘gnd re vec1° rSnt tf%]é1 reaction CHAMbe?

Sg gﬂfb‘i BER0 Pl BEAHASISANECh S ORGHRP PR ARRAFAINS 1 for future

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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Figure 7 shows a cross section view of the operation of a physical
processing means, here a means for heating 16, to heat a volume of
solution 96 in one of the chamber, here the reaction chamber 68, of the
apparatus 1. The reaction chamber is attached tot he platform 2. The
means for heating heats the water 96 that is held in the upper section 92
of the reaction chamber 68. The upper section 92 and the lower section
oBipfrthesteactio pretsastbion 68 wef Sepatdidibyf aphytmet pregersiegma@ds,
The platform is again rotated such that the second buffer chamber 66
BBy EHErherjingtiEodisab’ Vedioms A AAEHIBCDNRA & e rheBbrimafithe
directly underneath the sheath 54. The arm 10 is lowered thereby lowering
tHBPEHEAth 54 into the second buffer chamber 66. The magnet 14 is again
lowered into the sheath and again the beads 100 are attracted to the
sheath 54. The sheath 54 and magnet 14 are both raised, that platform is
r e s ﬁlé‘%ﬁ&% s i Qﬁ&%ﬁl&]
s%%g 54, Thegatljr{?? 105?5 ?gev%rué)g}to lower tfﬁ%ﬁghgdgltiﬁ%%%nto the u%}f’etrme
sectiemhdwiaf iheappactinRiekiamhben el Asfeiate b eaagneiaktbds not
lowered such that the heads 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
sz BahoMsrETOMISANtIon A 06 the eastenfrhAIRTS diseattits 4. frprtional
DNA is then eluted from the beads 100 hy the warm water 96. The arm 10
iSCPAREERFR BRI AT THESHERPF SNl SVRRFATERT fhemBsiction chamber
68. Figure 8 shows a cross section view of the operation of a functional
component, here a sheath 54, with a magnet 14 to release the bound
agalvte (hARJR0, DB LeREONEHAMBERE8:LhR MANRGHC RRaY.A0%Ls
released into the upper section 92 of the reaction chamber 68 where the
heated water 96 elutes the DNA from the magnetic beads 100. The
platform is again rotated such that now the reagent chamber 62, into
Whiglrd avhdiee pepepettiac adeth o Neeegsarytiedge Miefap parmel eiengeicks a
amplification reaction, is directly underneath the sheath 54. The arm 10 is
lomlasfertht3ehelsly imwpesitionty shewith Bkndo tHde cplefdorcivamiprines 2¢ Vickad
reagents (not shown) have been pre formulated such that thef/ are also
b&barebEss rRd) et oA FOTIRERSHD WisTaibohde HHesnddth By iBlaH e b
the reagent chamber 62 the magnet 14 is lowered jnto the sheath 54 and
A G R 1GNP S 25 AP L 08 RS RET

sheath 54. The sheath.54 an aqgnet 1 e ther rai to remov
e Ahngted R SR A AR A R At A or

thep sefatedhsie . thal ther actian chambes R3Hs Haw sty ndernestp

the sheath 54. The arm 10 is then lowered thereby lowering the sheath 54
info thertinPRiabRCigRIahENe eatian chagbaekitd ZnAdinEIg Masplaidrs
not lowered such that the magnetic beads to which the reagents are
b@uTtiemanr &lciaskadvinoma hesst eathidhivithathe dipmbeseR toov @ o titéorm
reaction chamber 68. The reagents are eluted from the magnetic beads by
the WegIPReEais 90 ApPeietinmiensd Mplatd sircaethdigcdyabans Badreef
with sheath 54 in position. The magnet 14 is lowered into the sheath 54

afftf &b the MSGRRAELEADS TR WoBE rRsRtidn B AT ERREARS also

chamber Giiie.those fro tt?uanal te an?eéo the ﬁ(lea ent, are attiacted to
e s adimoRCa g[8 IR A TN et B T A Se

the beafsanebihe piafaliiralatgahhe BEAFSALRAACRP IR ating 4

sample 18 again located above the platform 2 and shown in a raised position. The
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as waste into one of the used buffer chambers. After the beads have been
released from sheath 54, the sheath is returned to its initial position on the
platform 2 by again using movement of the arm 10 and rotation of the
platform 2. The upper section 92 of reaction chamber 68 now comprises a
purified nucleic acid sample and all of the required reagents for an ‘
amplification reaction. The arm 10 is now used to pick up the cutter 50.

Tiheaplasiaine aOBdkaiaeengushHaghdhesrpartien shamber 68 i&Lew to
directly underneath the cutter 50. The arm 10 is lowered thereby lowering

thdriuetfeitSI2 iatd thatrelbation chiambecttBoTHe Clittelik@mpiaressetiief the
membrane 94 and the water 96 containing the DNA and reagents drops

ireatifeenewe l S Gad dhr oT Tt sezietitns elarbel $5 alaedtivem hysirior

the arm to remove the cutter 50, the cutter is instead left in position in

rehBifsHECHa YT b8t hand indiiduali cortples B s ealrais 2 and A

cham 68..Figure 9 shqws a cross section vie the reaction chamber
R M A s SRS el A st s
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

W:afdhesieRstPRLEARPUAS suahithatibealanObranataining the b

analyte and the reagents for a nucleic amplification reaction can enter the
CHfeilbarrpaizat 6 Sibvihere Ubie s hler adtaine iigwadce Figeel hedgtattoinear
chamber 68 such that no solvent can evaporate from the chamber during
thauatom?ifi cati motrba stonfrimatde viewvd rille s veew atditB@ atbnsbemin ghthdrive
DNA and the reagents into the capillary tube 680 of the reaction chamber

8Bl sHashrto Bateifdaraiotitirespe adptiprr and sensor 42 for sensing the

position of the platform.

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

capillary tube at the base of the chamber indicated by 680. Chamber 68 additionally
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centrifugal force drives the fluid 96 into the capillary tube 680. This is
aided by the fact that, during rotation, the reaction chamber 68 is able to
pivot on the platform by means of spindles 72 mounted in sockets 74.
Furthermore in order to prevent the spillage of liquid contained in
chambers 56, 58, 60, 64 and 66 during this high speed rotation, these
chambers are designed with an oval cross section and a circular recess at
tiverhpriess adighiwhairafigurthScRanbeante inwrabe svith thesmnts dreyappittatge.
After the water 96 containing the DNA and the nucleic amplification has

efielekp YR capmels ibis aBuniee Balhpienarasdying shiadeo A Heiae in
acid amplification reaction. At this stage the reaction chamber 68 can be
FREAI el TSV Ol A SNSRI 1P BB roaFalds Ths
where the nucleic acj lification is conducted. In this instance however
B e T R e
agigampification and optical detection thereof These operations are
performed in the lower half of the apparatus | (not shown). In order to fully
automate the process the reaction chamber 68 has been adapted with a
lip 98 such that it can be manipulated by the apparatus ann 10 in the
sdlreusa affi fter appaodherafunat phadocanipoireps: &Sisgdf 24Tuldeamipie poisto
lowered and the platform 2 rotated such that the lip 98 of the reaction
chashiier@d anpiiiraonits shddrkel@voviferaierenos. tTHkeaabavECigiheand
raised thereby raising the reaction chamber 68. The raised reaction
cRAFHNEABBHEUERAA Th. 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

charahaHi %‘%}nﬂqgsﬁ tsgéﬂﬁﬁé RGN ¢ 209019 ﬁ?a@&%@?ﬁ&&kt&%ay.

apparatus I. When located in the lower part of the apparatus | the nucleic
agithampliieatignds e W MesUsing & malslabiohgaland cRohtie
reaction mixture in the capillary tube 680 and an optical detector to detect
tharepld progrstsg 7sls aidett by dhiefad thapihecanilay iubpliscaoated
with an electrically conducting polymer which allows rapid heating and
c60linJlof taeplapitambtnbe §8M0adéte mitinplattonicel tiveinoeigiotagidnidine
amplification the platform 2 containing the cutter 50, the sheath 54 and
chafrerblersls; Sdametiedinging hepds AR artb s atdrorie fernmtyap e gndrthalid

removed frgm the apparatus and disposed off. A new, platform containin

tH FSCBIRAn P HERENTS L2554 T BB B R EPTARG g %) GERY:
that it can be use ain inanaqther nipulation. Figure 10
S R BB s AR PRI A . Bt S B londed

MER RS 20 AANRHR & SANPIEIVESSE! R4 THESARIPIR LA dfed and

introduced into a timber 212. In order to seal the chamber 212 to ensure
that hesamplet2:tl dechehLan Fontnateshaslichmieshdaeh dsetp SheflidRPQof
the present invention comprises a membrane 206, for example a

|alfihin ateadl] n entitona nes od Hich thep btfopne (> dtbintataesl endlo tietebsnthe 56 is
sample for further processing at a later time. In order to prevent cross

cenaiedi Hadrsihs eries Atn ple2am fio lvteredraad mites S © oBrepetis drraiee
206 is recessed within the_ lid 200. This has tE(e result that if auser

tJTE RS HRP IR0 15RO R IR SHEBRFE the! BiS o r e, 18 Biidre
side, th is a dap 202 or 204 respectively between the user h
B e e S8 B s, o6
2084 b 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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The lid 200 comprises a membrane 206 which, in order to access the
sample Claims 1.A combination for carrying out a processing operation
on a fluid sample prior to a nucleic acid amplification reaction, said
combination comprising

Figure 4 shows a cross section view of the operation of a functional component, here
a cutter 50, piercing a laminated membrane (not shown) on to top of a chamber, for
example 56, of the apparatus. The chamber 56 is attached to the platform 2. The
figure illustrates the lip of the functional component 52 that is used to engage with the

fork of the arm (not shown).

Figure 5 shows a view to illustrate the detail of the attachment of a functional
component, here a cutter 50, to the fork 12 of the arm 10. The fork 12 of the arm 10

engages with the cutter underneath the lip 52.

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

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

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

first washed in two wash chambers, chambers 56 and 58. These chambers are
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(a) a single use platform removeably mountable in an apparatus for
carrying out said processing operation on a fluid sample; (b) a
chamber (60, 64 or 66) suitable for receiving a sample which is either
integrated into the platform or removeable from it; (c) further chambers
(56, 58, 62 or 68) arranged on said platform and containing predispensed
rea?gents rechlljired for said processing operation, said chambers being

sEsferdedntith 2 pgitehie BHisTofer e IRl SO pareREsS Aot solifieR &Pe
bly fixable, to_the platf d whi le to agct llect

(e RS et Rerae T R ranie e o

gﬁgﬁ&fﬁr 2%!!&% %@ﬂ% %&Q'oéﬂﬁﬁb%b% geﬁogxn lglgt&i %qxﬁgméath ﬁlllg . eans

racterised in that a first predispensed reagent comprises a so ase
bigelingicnaigriat ChaMINaL mﬁ&&mﬂﬁ@@im@mw{@ B ffer
functional component able to act as a collector for moving said reagent
celmpaessaastieatd (rnwhich-psayidas anirbikate brebtdcbramesasstor
attracting a solid phase material and the material; a second predispensed
refeftye theconopd sesnteamsafor fetytmgathng theaate i dfishased and stored.

The arm 10 is then lowered and the platform 2 is rotates such that the 12 engages
underneath the lip 52 of sheath 54. The arm 10 is then raised thereby raising sheath
54 to above the platform 2. The platform 2 is then rotated such tliat the sample
chamber 60 is directly underneath the sheath 54. The arm 10 is lowered thereby
lowering the sheath 54 into the sample chamber 60. The magnet 14 is then lowered
into sheath 54 and the magnetic beads 100 to which the DNA is bound are atiracted to
the sheath 54. The arm 10 is then raised thereby raising sheath 54 out of sample
chamber 60. The magnet 14 is raised simultaneously with the arm 10 such that it

remains inside the sheath 54.

Figure 6 shows a cross section view of the operation of a functional component, here
a sheath 54, 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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beads; a third predispensed reagent comprising a nucleic acid
amplification reagent comprising a nucleic acid primer; wherein one of
said chambers is pre-filled with a cell lysis reagent; and  wherein a
chamber (68) is coated at least in part with an electrically conducting
polymer. 2.A combination according to claim 1 which is adapted to carry
out a processing operation on a single fluid sample.
The DNA bound to the magnetic beads 100 is then washed in two buffers. The
platform 2 is rotated such that first buffer chamber 64 containing a tris hydrochloride
buffer solution is directly underneath the sheath 54 to which the magnetic beads 100
are attracted. The arm 10 is lowered, thereby lowering the sheath 54 into the buffer
chamber 64. The magnet 14 is not lowered though. This means that the beads 100
are no longer attracted to the sheath 54 but instead detract and fall into the buffer
solution. Rapid raising and lowering of the arm 10 and thereby sheath 54 in small
vertical movements ensures that all beads 100 are released from the sheath 54 and are
well mixed with the buffer solution. The sheath 54 is then lowered back into the first
buffer chamber 64, the magnet 14 is lowered into the sheath 54 and the magnetic
beads 100 with the DNA still bound reattach to the sheath 54. The process is repeated
to wash the beads 100 in a second buffer comprising 50% aqueous ethanolic solution
contained in a second buffer chamber 66. After washing the magnetic beads 100 with
the DNA bound in the second buffer chamber 66 the arm 10 is raised thereby raising
the sheath 54 and leaving the magnetic beads 100 in buffer chamber 66. The sheath

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

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

water 96 is heated the means for heating 16 is raised and removed from the reaction
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3. A combination according to claim 1 or claim 2 characterised in that the
said further chambers containing predispensed reagents (56, 68, 62) are
sealed by means of a seal or membrane. 4. A combination according to
any one of the preceding claims characterised in that it comprises a first
functional component (52) which is able to act as a collector for moving
sample, or an analyte contained therein or a reagent from one chamber to

another; and.a second functional component (50 a%le to open said further
o Sy o R AR S g T tor R
characterised in that the second functional component comprises a cutter

(50).

Figure 7 shows a cross section view of the operation of a physical processing means,
here a means for heating 16, to heat a volume of solution 96 in one of the chamber,
here the reaction chamber 68, of the apparatus 1. The reaction chamber is attached tot
he platform 2. The means for heating heats the water 96 that is held in the upper
section 92 of the reaction chamber 68. The upper section 92 and the lower section 90

of the reaction chamber 68 are separated by an in tact membrane 94.

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

arm 10 is raised such that the sheath 54 is removed from the reaction chamber 68.
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6. A combination according to any one of the preceding claims
characterised in that the predispensed reagents comprise a reagent
required for use in the processing, bound to solid phase binding material.
7. A combination according to claim 6 characterised in that the solid phase
binding material is silica. 8. A combination according to any one of the
preceding claims characterised in that at least one chamber is removeable
frognren shterforeros9 s ttonmviiwaticheapemtitngie amygtomel ohtpmpngchding
claims characterised in that a further chamber (56, 58, 62) contains wash

IRy ehgasr aflusiibcompenshdiatparenssofinioprad wealdte 190 micohmisatinn
according_to any one of the preceding claimé:,_characterised in,that the
§E gént

I§37P8R HAgRgkc Al A0 A peleased into'the upper section 92 of the

reaction chamber 68 where the heated water 96 elutes the DNA from the magnetic

beads 100.

The platform is again rotated such that now the reagent chamber 62, into which have
been pre-loaded the necessary reagents for a nucleic acid amplification reaction, is
directly underneath the sheath 54. The arm 10 is lowered thereby lowering the sheath
54 into the reagent chamber 62. The reagents (not shown) have been pre formulated
such that they are also bound to magnetic beads (not shown). Once the sheath 54 is in
position in the reagent chamber 62 the magnet 14 is lowered into the sheath 54 and
the magnetic beads to which the reagents are bound are attracted to the sheath 54.
The sheath 54 and magnet 14 are together raised to remove the reagents (not shown)
from the reagent chamber 62. The platform 2 is then rotated such that the reaction
chamber 68 is now directly underneath the sheath 54. The arm 10 is then lowered
thereby lowering the sheath 54 into the upper section of the reaction chamber 92.
Apgain 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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as waste into one of the used buffer chambers. After the beads have been released
from sheath 54, the sheath is returned to its initial position on the platform 2 by again

using movement of the arm 10 and rotation of the platform 2.

The upper section 92 of reaction chamber 68 now comprises a purified nucleic acid
sample and all of the required reagents for an amplification reaction. The arm 10 is
now used to pick up the cutter 50. The platform 2 again rotates such that the reaction
chamber 68 is now directly underneath the cutter 50. The arm 10 is lowered thereby
lowering the cutter 50 into the reaction chamber 68. The cutter 50 pierces the
membrane 94 and the water 96 containing the DNA and reagents drops into the lower
section 90 of the reaction chamber 68. Rather than using the arm to remove the cutter
50, the cutter is instead left in position in reaction chamber 68 where it now acts as a

stopper to seal the reaction chamber 68.

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

reaction.

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

tube 680 of the reaction chamber 68 the platform 2 is rotated at high speed. The
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centrifugal force drives the fluid 96 into the capillary tube 680. This is aided by the
fact that, during rotation, the reaction chamber 68 is able to pivot on the platform by
means of spindles 72 mounted in sockets 74. Furthermore in order to prevent the
spillage of liquid contained in chambers 56, 58, 60, 64 and 66 during this high speed
rotation, these chambers are designed with an oval cross section and a circular recess

at the base, as shown in Figure 3. This internal design prevents any spillage.

After the water 96 containing the DNA and the nucleic amplification has entered the
capillary tube 680 the sample is ready to undergo a nucleic acid amplification
reaction. At this stage the reaction chamber 68 can be manually removed from the
apparatus 1 for use in another apparatus where the nucleic acid amplification is
conducted. In this instance however the single apparatus has been adapted to
additionally conduct the nucleic acid amplification and optical detection thereof.
These operations are performed in the lower half of the apparatus 1 (not shown). In
order to fully automate the process the reaction chamber 68 has been adapted with a
lip 98 such that it can be manipulated by the apparatus arm 10 in the same manner as
other functional components 50 and 54. The arm 10 is lowered and the platform 2
rotated such that the lip 98 of the reaction chamber 68 engages with the fork 12 of the
arm 10. The arm 10 is then raised thereby raising the reaction chamber 68. The
raised reaction chamber 68 is shown in Figures 1 and 2. The platform then rotates
such that the cut away section 78 is now aligned underneath the raised reaction
chamber 68. The arm is then lowered thereby lowering the reaction chamber through
the cut away section 78 and into the lower part of the apparatus 1. When located in
the lower part of the apparatus 1 the nucleic acid amplification is performed using a

thermal cycler to heat and cool the reaction mixture in the capillary tube 680 and an
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optical detector to detect the end products. This is aided by the fact that the capillary
tube is coated with an electrically conducting polymer which allows rapid heating and

cooling of the capillary tube 680.

After completion of the nucleic acid amplification the platform 2 containing the cutter
50, the sheath 54 and chambers 56, 58, 60, 62, 64 and 66 and the reaction chamber 68
are all removed from the apparatus and disposed off. A new platform containing the
necessary elements can then be introduced into the apparatus such that it can be used

again in another sample manipulation.

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

of different sample vessels.
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The lid 200 comprises a membrane 206 which, in order to access the sample
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Claims

1. A combination for carrying out a processing operation on a fluid sample prior to a
nucleic acid amplification reaction, said combination comprising

(a) asingle use platform removeably mountable in an apparatus for carrying out
said processing operation on afluid sample;

(b) a chamber (60, 64 or 66) suitable for receiving a sample which is either
integrated into the platform or removeable fromit;

(c) further chambers (56, 58, 62 or 68) arranged on said platform and containing
predispensed reagents required for said processing operation, said chambers being sealed;
and

(d) one or more functional components (50, 52) which are releasably fixable to
the platform and which are able to act as a collector for moving sample, or an analyte
contained therein or a reagent from one chamber on the platform to another chamber on
the platform;

characterised in that a first predispensed reagent comprises a solid phase binding
material (100) that comprises magnetic particles, and wherein a functional component
able to act as a collector for moving said reagent comprises a sheath (54) which provides
an interface between a means for attracting a solid phase material and the material;

a second predispensed reagent comprises means for eluting the analyte from the
beads,

a third predispensed reagent comprising a nucleic acid amplification reagent
comprising a nucleic acid primer; wherein

one of said chambersis pre-filled with a cell lysis reagent; and

wherein a chamber (68) is coated at least in part with an electrically conducting

polymer.

2. A combination according to claim 1 which is adapted to carry out a processing

operation on asingle fluid sample.
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3. A combination according to clam 1 or clam 2 characterised in that the said
further chambers containing predispensed reagents (56, 68, 62) are seded by means of a
seal or membrane.

4, A combination according to any one of the preceding claims characterised in that
it comprises a first functional component (52) which is able to act as a collector for
moving sample, or an analyte contained therein or a reagent from one chamber to
another; and

a second functional component (50) able to open said further chambers (56, 68,
62).

5. A combination according to claim 4 characterised in that the second functional

component comprises a cutter (50).

6. A combination according to any one of the preceding clams characterised in that
the predispensed reagents comprise a reagent required for use in the processing, bound to
solid phase binding material.

7. A combination according to claim 6 characterised in that the solid phase binding

material issilica

8. A combination according to any one of the preceding clams characterised in that

at least one chamber is removeable from the platform.
9. A combination according to any one of the preceding claims characterised in that
a further chamber (56, 58, 62) contains wash liquid or diluent comprising a buffer

solution or water.

10. A combination according to any one of the preceding claims characterised in that

the lysis reagent comprises chaotropic sats.
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