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relates to an assay apparatus, assay nethod, assay card and an assay card
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anplify any signal further. These devices are
There are less complicated devices also provided, in a laboratory or in a physician’s

clinic, which receive typically a blood or urine sample taken from the patient by a trained
healthcare professional. The rest of the procedure is carried out aufomatically and the result of
15  the diagnostic test is typically displayed on a liquid crystal display (LCD) screen or on paper
using a printer. Other devices have dried or immobilised or lyophilized reagent inside. When a
liquid test. sample is mixed, the reagent is rehydrated. In some arrangements, a number of
reagents are provided in the reaction chamber or bottle. Typically, each of these reagents is
individually provided into the reaction chamber so that the reagents are introduced in the

20  correct order.

For example, a reagent may be required to pretreat any sensor reagent to active it from
the storage condition, while other reagents may be required to bind to the test sample to make
a detectable signal by, for example, optical or electrochemical means. After the reaction, -
washing reagents may be provided to wash out the unbound reagents. Also, some substrate

25 reagents may be provided to convert or amplify any signal further. These devices are

sometimes called point-of-care (POC) devices since they provide a handy means due to their
small size, automatic sample and reagent handling, rapid result and low maintenance ‘cost.
Many have replaceable cartridges that contain all disposable parts like reagents, sensor and

sampling channel. Changing the cartridge makes the maintenance simple and easy.
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20 very simple, they lack the ability to perform simple reagent delivery which makes it difficult

to provide a simple device which is sensitive and reproducible. The first aspect also recognises
that although other POC devices enable reagent delivery, a problem with these devices is that
they are complicated which makes them unnecessarily expensive, difficult to manufacture and
may affect their reliability. Similarly, the first aspect recognises that although the highly

25  sophisticated devices provided in laboratories enable reagent delivery, they are highly
expensive, have high maintenance costs, and have complex operating procedures which

requires highly skilled operators.

Accordingly, an assay apparatus is provided comprising an assay card and assay card
controller. The assay card may comprise a substrate and may have a compressible, squeezable
30  orsquashable reagent reservoir. The reagent reservoir may contain an associated reagent and

may be coupled with a reaction or test chamber into which a test sample may be placed. The
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compression of the reagent reservoirs to enable sequential injection of reagent liquids into the
reaction chamber in a pre-programmed manner using a very simple and reliable squeezing
mechanism. The location of each reservoir on the assay card may be carefully determined in
order to ensure that each reagent is delivered in the correct order and at the correct time. The

25  location of the each reservoir may be determined based on the knowledge of the location of
the actuation path to be followed by the compression mechanism. Of course, the location of
-each reservoir may be dependent on the particular arrangement of the compression mechanism
and the path which that compression mechanism may follow. This may provide for a simple,
convenient and reliable arrangement which supports potentially complicated, multi-staged and

30 time-critical reactions.

1In one embodiment, the actuation path is linear. Accordingly, for a very simple

compression mechanism which follows a linear actuation path, the each reservoir may be
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actuation path. I n one enbodi ment, the actuation path extends al ong
an axis of the assay card. Accordingly, 4should the conpressi on nechani sm be
arranged to travel along a path which is generally aligned with one of the
axes of pheedstaayappaspliatellb&itiod A€ Hiffe&HE pyidtsral druyth® Genglhasfakis dihed actuation
predeterm ned | ocation along that axis of the assay card to ensure that it
is actuaPa® in the correct sequence and at the correct tine. Also, any
edges of the assay card which are aligned with that axis may be utilised to
hel p gui de t hg, ggsabsAmEntMIR AciiBNb6NBath ekhdVBokPar 485 CORPEKSH A,
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| ocajgd at the, SAERIGHECHEBRAoh ShaBH T, BLABEaAL 1RGKUBLLEBaRAE e
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and/ or |ight. Inone embodiment, at least two of reagent reservoirs are located at the same

predetermined location along the actuation path to enable simultaneous injection of associated
20  reagents into the reaction chamber. Accordingly, more than one separate reagent reservoirs
may be provided at the same distance along the actuation path in order to ensure that they are
substantially simultaneously compressed to release their respective associated reagents. This
helps to support increasingly complex reactions where multiple reagents may be required

which cannot be stored in the same reservoir.

25 In one embodiment, each reservoir chamber comprises a reagent sack operable to
receive the associated reagent. The reagent sack or balloon may be composed of a thin plastic
bag filled with reagent liquid. The sack may be ruptured by the preSsure derived from the
roller movement. The ruptured sack may then release the reagent liquid into the reservoir. The
sack may also play an important role in protecting the reagent liquid from degradation due to

30 the presence of humidity, oxygen and/or light.



WO 2011/ 123064PCT/ SG2011/ 000128 5 I n one enbodi nent, the reagent sack
conprises a stanped netal foil protrusion having a seal ed pol yner backi ng.

| n one enwodbnenBocst he assay card conprises: a waste chagsconeo@hse to
recei ve excess fromthe reaction chanber. Accordingly, a waste chanber nmay
be provided which nmay 5recei ve excess f 1Sui d di spl aced fromthe reaction
chanber. Such excess fluid may typically occur as a result of the actuation
of each reser Vpne embalimentethsfreadent ssak cemphsesbestammeg nesaldpil praseisival havingt ed
based on thﬁ %iqenpf H%e reagent reservoirs and the reaction chanber to
ensure t RAFYH p?VuFﬁga P& i nadvertently enmitted by the assay card during
operation. In one enbodi nent, the waste chanber conprises: materi al
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retain excess,.fluijd within the ste.chanber and reduce.the |ikeli.hood of
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e.
t he assaycouasacesupof dwsactuation of eachpeservodio gt side of the waste chembet way 18dianber
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ot angeatr seie Ul PR hE8rt SEs TP SERAYF ot iierb B ol lmanber
I n one erodb fMenls,ard dadvetleaily paitiedits theadsaptad dByngepdratigr. t he i nl et port,
the test sanple may be retained within the assay card and the inadvertent

rel ease of fluid durjn r,ocessi of .the assay card.m e _prevented. 20In
one: amboai menth Svh eI BHC HE sk diopb DoRERPY o BRFaBE S HEMS o Fo
seal 10 he ekd¥s&tAROFdingM ehatERATRR Bt ovibed @ dialDetesst Ed wih@i the S asterBAYmBEr
seal ed t hrough sinpl e conpression. I n one enbodi nent, the assay card

conpr i sedngrogyeq ihelijelhaod of thasaagentpingdyrateatls rerenfeyag thesegstien shanabait t he

inlet pont.t Stor iVl t . - EvefiBE |
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negat i veapagsadne pgeastrspildeby t he vacuum devi ce. I n one enbodi nent,

t he vacuum devi ce conprises a resiliently conpressible reservoir in fluid

conmmuni cationyw.th e.'n#e t.. .Lhe vacuum devj ge . conprise a
reservoir or Ehaiost SR E e B0k ool Rt OB EHAR AR e G
vol ung t ohagetiee afd Operable to receive the test sample. Accordingly, the inlet port may be arranged

to receive the test sample to be conveyed to the reaction chamber.

In one embodiment, the inlet port is sealable. By sealing the inlet port, the test sample
may be retained within the assay card and the inadvertent release of fluid during processing of

the assay card may be prevented.

20 In one embodiment, the sealable inlet port comprises an adhesive operable to seal the
inlet port when compressed. Accordingly, the inlet port may be sealed through simple

compression.

In one embodiment, the assay card comprises a vacuum device operable to generate a
negative pressure at the inlet port to assist receiving the test sample. Hence, any fluid
25  presented to the inlet port may be drawn into the assay card through negative pressure

generated by the vacuum device.

In one embodiment, the vacuum device comprises a resiliently compressible reservoir
in fluid communication with the inlet port. Hence, the vacuum device may comprise a
reservoir or chamber which may be expanded and contracted to change its volume to generate

30  the required negative pressure to draw in and retain the fluid.



30t he required negative pressure to draw in and retain the fluid. WO

2011/ 123064PCT/ SG2011/ 000128 6 In one enbodi nent, the resiliently
conpr essiwbeorierssewoi r conprises a reform ng device operaliseofimbéiazi ng
conpression of the resiliently conpressible chanber, to assist
deconpression of the resiliently conpre$si ble reservoir. Accordingly, a
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towards its ol ghmﬁhbmlﬁgiingﬂfeaédilﬁﬁntlychntpf;l'@sibldl@@ﬁrﬁﬁﬂtqmﬁxﬁ@s neéformingg devi ce
conprises a sponge operable to receiye the test sanple. Hence, the,
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Hence, t st sasile. Sdemiot ahepsfoidting dovicdddy boakpenge edith ltpcloasdheiaté them t he
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conpr essCBHNEF apd réiain tasiamRle el onpr essi bl e reservoir. In one
enbodi ment, the resiliently conpressible reservoir is in fluid

comruni cat i on Imbhdlerhb&limeas theGpordtashpiisty A ikt dreasigennRtdigRigaskin. et ai ned
within a substrate. Accordingly, the test sanple may be passed through or
over oneASEOTHIEY ,ﬁ@aﬁ@ml%m@égamm@ewt Yith 2 geaggpidirion iR being RrayEleddo ifovi ded
to t r ] A 20In
one. eopodt e R e o Bt e Ty i B i A e an

sel ect i velhgntdstinglbloodearopleb.e t he reacti on chanber fromat |east one of the
conpressi bl e reagent reservoirs and the resiliently conpressible reservoir.
Accordi ngly, t i P j and
rosiliently conpreRuRuE, B riBlert§ BRRI-ERIE peritic G dhiml o,
f or exanpligh, thé rdatfi@l cHagmdt. itEnoé, thdrest sasiplesianpbeprovied theHepsaction chaaba t he

required 25pressure djifferential _to faciljtate |pading o he test samle
and/ or t &pt ‘é‘\?é?ﬂerVé’ﬂfleBﬁé’&?/t a5t fHopg %ﬁ@ﬂ% ihing i UI?Oéléfgafﬁrscompﬁwwnt e
cardys the rebileRREcoiOd IR ervbine flow preventer is removable to fluidly
couple the reacti'on chanber with the at |east one of the conpressible

reagent reservoirs and . the resiljently conpressible reservoir. The fl ow
preventer maybeng @ﬁb‘?ﬂé’@e@nﬁ’é,re%“]éernﬂé(%&m?lf%?lbferfésqr}‘ﬂlétS ip dutd communication

with the reaction chamber via at least one reagent retained within a substrate. Accordingly, the

test sample may be passed through or over one or more reagents retained within a substrate

when being provided to the reaction chamber. Such reagents may comprise a control reagent.

20 In one embodiment, the assay card comprises a flow preventer operable to selectively
fluidly decouple the reaction chamber from at least one of the compressible reagent reservoirs
and the resiliently compressible reservoir. Accordingly, a flow preventer may be provided to
de-couple the inlet and resiliently compressible reservoir from the rest of the assay card
during, for example, initial loading of the test sample. This helps to create the required

25 - pressure differential to facilitate loading of the test sample and/or to prevent any uncontrolled

mixing with other reagents within the card.

In one embodiment, the flow preventer is removable to fluidly couple the reaction
chamber with the at least one of the compressible reagent reservoirs and the resiliently

compressible reservoir. The flow preventer may be removed once, for example, the inlet port
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pass to other parts of the assay card on conpression of the resiliently
conpr essiwbeor1eRsueyoi I . I n one enbodi ment, the fl eperpcRYANIERS| S
operable to conpress at |east one mcrofluidic channel coupling the
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the compf&aSt B RENF SIS dEPEct i on of the flow preventer. Accordingly,
the processing of the assay card by the assay card controller may be
prevent ed upoin det @obedimentf theHlowW proventéipis eparaitleto caommreshert Idast areevent danage
to the assay_.card. In one enbodi nent, the assay card conprjses: at | east
one. i cr BTG ¢HeaRs PRt b Facker ChaiebMnahs Hgtst gl (i SompTREsivie
react § on rGRaRMEseryolRANA HIRVIeSIOR 1,08 onk B16ssTBIE FREN Yir At SmpBREGAEIhe TR¥rofluidic
conveni entl'y enable the test sariple to be conveyed to the reaction chanber
under, f ehanaglsmmyecitestipély black thastichannels5l n one enbodi ment, the assay card
conprises: a plurality of mcrofluidic channels operable to couple at each
of Lthe plutalid dndlmGRITERS e Bl BRI GIELIGBIE o hikler '
chanber. The pro%ié?onloF h?%rof SI iC gﬁannng %etﬁ%%n %acﬁnggﬂfﬁgﬂg
reser voi cempredsiothmecksmetm omdethetivinarf tiaffon kqyettor. A acbrdigdy ,ahy pionedingrafent
prem xi ng or reagents prior to the assay, card bejng used,. Al so, Ihe use of
mi crof | u |a(§‘sa(¥h0§%ﬁg‘f @’er?ﬁ%?yﬁ’éTdSCanOH?rﬁP?gg%erH@?%uMWUB? Ofrg’ﬁé]ém whi ch
needs) t 0 phRefeM sl t6 pRSBniRIAgt td the@ssplciile 1S wasted in these channel s
and may maxi m se the rate at which any reagent is injected into the
reaction chanber. . In one enbodi nent, the mcrofluidic. channels are
sel ectively ggh?‘é?bffnéb(’dll—’i@ﬁ@et, AREY T C@f‘fﬂﬁisﬁﬁ-(’}t IGH%HH%.FEcrHaS}IdHeC 8%‘§ed. Such
seal i ng BPrakbIe E8/Eorpte e ifShdrt With ARTPAEDA BB, Bhe $§foanftl?é)1%[<§61‘?tl!iidicor as

a result of conpression perforned by the assay card controller itself It
will be sigsnelcnay eehvehigntly ergblestbe kashspnpia teaiesdogveyed tp thevreattionghimabér f1 ow t o

areas of rd I C ye been enptied such as, for exanple, enptied
reservoiPé&gT%?SﬁgM@%ﬁ%BﬁﬁgﬁFfOPhe m croflui di c channel s conpri se adhesive

on seal abl e portions. Accordi ngly, adhesive portions may be provided
bet ween sheet & érgrembaglimend, the essof lcaiddiompdBeh aphehlsty ofeeroflhidicdtenodlk ui di ¢

channel ioSer%t'ﬁS t gcglr}gﬁ)eraetseg&dof e Bﬁx%elllﬂyg of ci:(gggregsfiblg pe%ggn 8}crelsrga(raxlfoirs with the reaction
chamber. The provision of microfluidic channels between each of the reservoirs and the
reaction chamber may help to minimise any inadvertent premixing or reagents prior to the
assay card being used. Also, the use of microfluidic channels may help to minimise the
20 amount of reagent which needs to be provided since very little volume is wasted in these
channels and may maximise the rate at which any reagent is injected into the reaction

chamber.

In one embodiment, the microfluidic channels are selectively sealable. Hence, the -

microfluidic channels may be sealed. Such sealing may occur as a result of compression by a

25  .user or operator, or as a result of compression performed by the assay card controller itself. It
will be appreciated that such sealing can assist in preventing back flow to areas of the card

which have been emptied such as, for example, emptied reservoirs.

In one embodiment, the microfluidic channels comprise adhesive on sealable portions.
Accordingly, adhesive portions may be provided between sheets forming the microfluidic

30  channels. When the microfluidic channel is then compressed, opposing sides of the channel



WO 2011/ 123064PCT/ SG2011/ 000128 8 nmay be retained in a conpressed state by
t he adhesive, thereby sealing the mcrofluidic channel. In one
enbodi menvo 2bhe2s@act i on chanber conprises: an indi cat orcopenanlogon2®
provide an indication of a presence of a target agent within the test
sanpl e. Accordingly, the reaction 5 chaber may be provided with an

i ndi cator providing any indication of the presence of a particul ar agent
Wit hin t heytesbtaRraph & corbpebsedtatably thatadhesivd, thetehpisealdgithbmictefiuidived to be
conpatible wth any detector to be utilised. I n one enbodi nent, the
i ndi cat ofh@¥shri ses: a wi ndow t hrough whi ch the presence of the target
agent may be detected. 10l n one enbodi nent, the window is transparent to

enabl e opti calin 8¢ @abddimert tHelt€adlibR SRAEKer @bmiFigest @ BlicaB@@Pérable to provide one
enbodi ment, the indicator conprises: an el ectrochenical detector operable

to el ect eBéNbertionlof ¢ prsersetofaHergpragsavishinfthe teet seaplfe Acegydimely. theereaction
Dot gt T iy . . |
e oL SRt P B TR S AL L TNl o =0 o

t he assay car e an el e con

el ect r ocheficoll agket adthin thanst sdneplasSialy as didicat@nvitlaypiedlly bdedesignedito be
appropriate el ectrochem cal detector may be provided on the assay card and
coupl ed WPPRYMHe WakaRY detgrigr kbR ¥HISEdr . "I n one enbodi nent, the reaction

chanber conprises: a predeterm ned reagent. Accordingly, the reaction

chanber may beén pheeabddifighte thetifdiEaot @ntbrizefarwindow alirotgaghith thopresence of
20utilised to detect the presence of the target agent 1n the test sanple.
Thi s enstheddrgehazenbage fe dpigctafr eady present within the reaction chanber and
reduces the need to provide a separate reservoir containing that reagent.

I'n omg enbodi 1bhe ethb&liMeRdeeatiiliee ks raRgabht tb eniblOvplRldascthulTikat e
wi thin the reaction chanmber. Accordingly, the reagent may be provided

wi t hi n apraspraerodtle @rgehagent-ne 25reaction chamber in order to retain the
reagent within the reaction chanber during the

In one embodiment, the indicator comprises: an electrochemical detector operable to
electrochemically detect the presence of the target agent, the electrochemical detector being
coupled with a metallic coupling formed on the assay card to provide an electrical connection

15  between the electrochemical detector and the assay card controller. Hence, an appropriate
electrochemical detector may be provided on the assay card and coupled with the assay card

controller.

In one embodiment, the reaction chamber comprises: a predetermined reagent.
Accordingly, the reaction chamber may be preconfigured to contain a particular reagent to be
20  utilised to detect the presence of the target agent in the test sample. This ensures the reagent is
already present within the reaction chamber and reduces the need to provide a separate

reservoir containing that reagent.

In one embodiment, the predetermined reagent is provided on substrate within the
reaction chamber. Accordingly, the reagent may be provided within a substrate within the
25  reaction chamber in order to retain the reagent within the reaction chamber during the

injection of other reagents during the processing of the assay card.

In one embodiment, the assay card is extruded and thermoformed with the aid of a
vacuum. Accordingly, the assay card may be manufactured simply using extrusion techniques.
This arrangement provides an assay card having no moving parts as such which reduces its

30  complexity and improves reliability.



injection of other reagents during the processing of the assay card.

In one enbodi nent, the assay card is extruded and thernofornmed with the aid
of a vacuwwonoAckesuedi ngly, the assay card may be manuf actrgrsd2eirupdigs usi ng
extrusion techniques. This arrangenent provides an assay card having no
movi ng parts as such which reduces its 30conplexity and inproves
reliability. WD 2011/ 123064PCT/ SG2011/000128 9 I n one enbodi nent,

t he ‘assay car (h e@Ehb&hsentatheladsagl caid/copiprisbe atpduralityarfghebtd ardngedrieaforma -

| am nate, at |east one of the sheets being at her,rmg}lga?ti ¢ havi ng th’ﬁ

pl ur al i t yaneinatggirassananidhe diegisieingsstbermaniastic hang B Wahy i ZRBRFCSERI t he
m cr of | ui.di S : f

provi dedlr%%?%t%g%(%kgltshtehfﬁq?%@%l%ﬁ%ﬁ%gsqggw%g{r}%@@&ewo eﬁ{nﬁg fg eet }sléréa%%{ ee’a

t her nopl astuimbehafhagrs hiag telpapadaf which ovgeilen fafn thhessag sadvOne of the shéwts

m crofl ui di ¢ channels formed therein.. Typi.cally, the conplete reservoirs
and n? cr 81 edi BerpplAsEe aviag thers ?P%%faf%%emoéo%eaﬁs'?%ﬁ? Egthﬁnflﬁ ®sheet

to the expidhdRIoihier tﬂﬂ@lrﬁ‘q}'ﬁ&alﬁh‘?ﬁé complete reseR o an& FRQFH RN chahfgs AR§ay
card conprises a heating elenent provided on one of the sheets operable to

heat t hethesdwyfonsedhy Atachindiarfgtther shert tathsgytrudaddhermopbastipshiest at | east one

10 heating el enment provided on at |east one of the sheets. The heating

el ement may be, Hﬁ@anf,(gm@ett th%agsag%aﬁvc&lﬂfrge% hPRbleRA%ent pRAVRRE ohlrblnE RiF henay

it will be appreciated thai the Speed of reactions may be careful ly
cont r ol | sliketd spepedle focdehtthe assap cande Adcaflingbyatheiassay caed/mbye compriseaat dahst dne one

enbodj nment, . the heatin | ement conpr.ise n .electrical heating el nt and
the. 0o apedtingtene PRI Gut s Corre e TrsiulipelanPe by Hofier R ne
heati ng @baMENssayl &N 6PpsHiIBEY thercbhgn &5S Ay Gawill BRYppi&cidieditatthep&ldast ri cal
heati ng. The heat’i ng el enent magzdbe arranged on the assay card such that

t he heat irepgtiensanenbe enieflly sopfraledwin pertiqidarethe specd o4 react psangs baincggased.
predetermned tine in order to perform heating only when required.

Al ternatively, biCeBalinea:, HleaRBite dBMeR@olpris@inaddctidal Redting cRIngGH hheal
connectors and power only provi dec?to the electrical connectors at

pr edet er therssnyt dapperatustrogtpriseseléniricid centadtheperadde topewaring btating glement.

by i ' d ich,d he..| ian.of .th d
i ¢ sy IR EE R St G0 B Rsal e Pl b ey IR o

conpr i segrrandddemnheadsey cafstchihet the hedigletdmdnhoniieatiplegwitheiedltctaedli eve a
predeterm ned assay card tenperature. Accordingly, a thernoneter may be

pr ovi ded CHHReR arepigdeternyined e in prdenpgperforn hgatingsonly ¥hRe ERayigdy t i cul ar 25
tenperat ur r rn?‘z{}‘{“r}é f chh QR HREhR SRR &nGOREs M $BwRr
pr edet er %lﬁélgﬁgé&b@?%ﬁ%eﬂ%@%ee r gagheg. ‘%JE? t her r?orret gr may aon?y
noni t or palytprovidedto théeleassalyconacaors at predetermined times which may be determined

20  from control signals generated by indexing detectors which detect the location of the assay

card within the assay apparatus.

In one embodiment, fhe assay apparatus comprises a thermometer operable to control
the heating element achieve a predetermined assay card temperature. Accordingly, a
thermometer may be provided which detects whether the assay card has reached a particular
25  temperature. Power may then be removed from the heating element when a predetermined
‘temperature has been reached. The thermometer may only monitor portions of the assay card
such as the reaction chamber temperature rather than the whole assay card temperature.
Furthermore, a detector used in detecting reactions in the reaction chamber may also be used

as a thermometer. Conversely, the thermometer may be provided on the assay card.



such as the reaction chanber tenperature rather than the whol e assay card
tenperature. Furthernore, a detector used in detecting reactions in the
reacti on wbanhbensmway al so be used as a thernoneter. Conversehyii/obies

t hernoneter may be provided on the assay card. WO

2011/ 123064PCT/ S&011/ 000128 10 | h0 one enbodi nent, the assay card
conprises: an indicator operable to provide an indication of at |east one
of position i M end@hbatimert, the8say@ardscomnydtistd an dedieatdr aperabio®, pravide tuh M Ng
information detailing amounts of tinme to wait between conpression of the
reser voi Ardication of af lgass gae ehprsifiapdptormatien elsressyv sy apd thiditetion .zone.pnd; d
absor ber ..proyi ; i RS ofd r.alid 1 C it :
coupl ed &m‘ﬂ{lﬁé’gg%ﬁja?ltgf]?te ‘;}Hg]% resg%voof?lrnﬁs% tBt el{ e?(\ﬁlggél %’gféﬁﬁg’?’%ﬁg%gg g&ﬁ'ui d
absorption rate which is hiqper than a rate at_which fluid is supplied from
the pluralityl®wpng eskedigenisthe assay cardeaspaisesigdhiidrabrorber peovidsdpat aduicgian

nmechanpi s . k . . Lye: : ard,
ot ongot nd! SELTALP BersRuld SRhnAREbAEulf BRERLEREREEN it g N RS G0

10r el i ablhaviagd fRidghserptidva haw ivaiioH e highermbas asatagt whehflseis\sapplied fidie the

i ntended direction of travel of the roller may define the actuation path.
It will BBUalgyoEEsssEveitthat enbodi ments may be provided in which the roller
noves, wWith the assay card remaining static, or where the roller remains

static and then ass@yubedment, therdupesssioh ntechaidrh RainpfsesOd rdiet bperdsle thmorel | er
noves relative to the assg%%card, the reservoirs 1t travels over may. be:
conpr ess &atysdotheassacerd aiang theagtaatipndagle Yetpller provides g patisulsHy GARYRRIANL t he

CODi 6551 AN IEGNANG ST GRIRGLASS: cyR@lsinadhe FLABES 100%HERIE KiRcASESH Ve the

assay car ebetWween and opera o nove relative to the assay card,

al ong t heraadtofglie otepathdefBie the astiaiongath. pavill tef appodciate that érhbodamette may
possible to grip .the.assay card between each raller, to inprove, the

Gont rol | ABPITHSRnc e RellF mpvar. Wil hravansH 'ErapHE Sakagr Dhearl
relative bR thfaih®5th€s SndPthe alsty eatis Rloved@r hRbSBiIARRA bESLHUAL fhg rSIRFPr essi on
of the reservoirs. In one enbodi nent, the conpression mechani sm conpri sing:

a secondaroyes wildtive to ferastiyecard thereecrveirsit troecls over iveayrbsl dogpressecandghess
pred?%erni e %%gqs Q;tthe assay card. Accordingly, rather than providing a
si ng r 6PTEMS %38bﬁ§gry roller may al so be provided. 25The two rollers
may both then be used to selectively conpress reservoirs and mcrofluidic
channel s i n oduene ¢obetbmentpihe covpegsvion mecharosm eawhriggshe paitdaf fohlgrstdperable

processi ng of. the assa rd.in order to .prevent undesirable prem xing and
Dack. 11 ol BReinF ded St e mueeh a5 pbqtule T ke KPR A0 B Srlicofh il facy
ar r angengy ac@fatibR PathoBY @rsviding b pdiR RE Pslles) ittrh®, Bd@iskidle BIofipNBEARA c2l t he
reservoirs and the mcrofluidic channels on the assay card. The rollers may
have between each roller to improve the controllability and reliability of the movement of the assay

20  card relative to the rollers and to control the force applied during compression of the

reSErvoirs.

In one embodiment, the compression mechanism comprising: a secondary roller
operable to move relative to the roller to compress predetermined areas of the assay card.
Accordingly, rather than providing a single roller, a secondary roller may also be provided.

25  The two rollers may both then be used to selectively compress reservoirs and microfluidic
channels in order to decouple reservoirs from each other during the processing of the assay
card in order to prevent undesirable premixing and back flow of fluid around the card. It will
be appreciated that the exact arrangement of the rollers will depend on the spatial arrangement
of the reservoirs and the microfluidic channels on the assay card. The rollers may have

30  identical lengths or different lengths and may compress mutually exclusive or overlapping



30identical lengths or different |lengths and may conpress nutually

excl usi ve or overlapping WD 2011/123064PCT/ SG2011/000128 11 regions of the
assay carwo burtbsanore, each roller may conprise one oPCIBGR0TI®HIIH]
portions having one or nore apertures therebetween which fail to contact
with the assay card. In one enbodi nent,1the secondary roller conprises a
pair of rollers. In one enbodi nent, the assay card conprises mcrofluidic
channel s régaotised thedaskdiecdpd. [Huetieintsrs] dackiralee aty tcomprishdee eh@etroNiag portions

conpression of the mcrofluidic channels. Hence, the . rof |l ui dic channel s
may be aPRYAgenc pomeseapgtuich tsrebebyrenwrhiehtaglie .s?lgié@thiE RatRESRSt h of the
rollers to enable selective sealing of those mcrofluidic channels.

I'n one enbodi Medke ethb®liGeRPiRSSE@daivacNaonprisey@pdisetroliggar s operable to
couple the pair of rollers. Accordingly, gears nay be provided between the

rollers to ensure that,.they . 10are simultaneously.actiyated and .to .ensure a
[ixed rel at F oA BEIBER PReswa i S e g shrurs Sase Sufm o
the gear praue¥rmilmed hfifs & dHabledkMc@RAfoniRbdsfont oF tRNSIFEdidRchhiR S WRnéQktheer S
operate at the sanme speed of rotation to avoid any slippage on the assay

card. microflpidimehagnds diapdatarrangas tasstgpd due dreepwhichlinterseeionig the @ath of
controll er. operable.to vary speed. . .1 omnpr essi on nmechani sm

al ong thgnag ﬂﬁ??%%*%%#%?h %%%ﬁa%ﬂgﬁvgy¥ﬁ%8@%d§3§% 6t the relative notion
of the conpression nechani smand assay card may be varied to suit the
reaction ti medn ofie ¢theodimantethesomipresgiph Imesharapp cemprisaszaaraeperdbile tosgpablees,

the compridrtl RN RARekPudf: e ChACRE bkl iReRRah te Rl d Mshiie PRERE, )

car d1¢ hagre/mliiae8ulp a&ivated dnll t6 Bsueoa ik ebelionsEe bericsinheastatioy 6fthattwa
constant speed at the | ocations of the reservoirs needed to be 20varied to

ensur e t Fellesploeerampleiht cofs MRRBrQyidewHtamagsay e3P tgfensuie tht thedpyagellers
reagents. i s . H | t h
o 2ee: ROy ol PRGSO AT o pRRERARL 0 SO0

nmovemnent Ismt along the actuation
path. Accordingly, the direction of novenent may be changed in order that,

for exanpl e, &npye embedimentiathesesayicerd eomirallercegunises: 8 caelrotes pperabligdo verya
change in_di,r i f.the 2 i I i . S
e e

di recsi ogpdEdf ACrélatia hdtion @F theabynpdssian heseb@iism aod esste bakd ey tid vagicdnd i |
anot her reagent is delivered. Likew se, such change i.n direcé}on enabl e
the i ni t Saft thedpgstien dimss of thegeasntsalt Wi e apprieriated|tiaf ghis gRablesy Br sxaMPiKen

enabl e MyEeRiL (Pbe fo@?te??meﬂsﬁ)is i%nggl‘ft?ﬁt@irs] dla\eye JJnﬁfJEgsnﬁtmééhaﬁiEh%ried

position towards two different edges o assay card.
which provides for a more compact assay card than would be possible if the compression

mechanism was moved at a constant speed at the locations of the reservoirs needed to be

20  varied to ensure the correct amount of time between delivery of the different reagents.

In one embodiment, the speed controller is operable to change direction of movement
of the compression mechanism the along the actuation path. Accordingly, the direction of
movement may be changed in order that, for example, only an initial portion of a reagent is
delivered due to a change in direction of the movement during such delivery which causes

25 -some of the reagent to remain in the reservoir. Similarly, a change in direction may occur after
delivery of a reagent to extend the time until another reagent is delivered. Likewise, such
change in direction may enable the initial compression to occur at some point along the card
and then enable movement of the compression mechanism away from that starting position

towards two different edges of the assay card.



WO 2011/ 123064PCT/ SG2011/ 000128 12 I n one enbodi nent, the assay

appar atus conprises an index detector operable to detect an indexing
mechani srwpnroviidsg4on t he assay card to produce at | eascense2eanvees si gnal
to be provided to the controller. Accordingly, an indexing nechani smmay be
provi ded on the assay card which, when t&tected by an index detector, may
generate a control signal. Mre than one 5i ndexi ng mechani sm may be

provi ded at di bes @ibodimest iherassagmppiratuassdapricarad ihdexpleeiod epeablenoletect -
signals at djfferent tines durjng. processing of the card. In on%
enbodi neAk indegimgimesaanigameended orsthg gasan sa 1 profuceaticast gngeontiof yigayl to be

i ndexi ng 0 I L . : r : jot f
cont ol Bl ML, R ANl SN R P b Ao LB ey e bRt e ks

i ndexi ng candotiach, svhenaigteged dy ahaendexaletecpirumay generaé a tQdird] SgnehMare fanaine

signals. .The. i ndexi ng nmechani sm ovide different control signals at
i 71 oF oninER nsdneche B TS P aUdey FeaBeieat Betioss B SRASHRGFY b ZRT Eacke.
Accor di nghptroldjdnhR € BiffeldH itdeS AariABYroBSss RGOt @i tadd at different tinmes

dependant on the control signals generated. For exanple, a control signal

may be generated when the card has, reached a certain pojnt, such as
i medi ately f &P PRASABCHBERaYE lmexélefﬁcg’-rrl%%ﬂfé?@?t ‘Wtéph’éﬂﬂ’ 8?1‘@%‘1‘?& may

cause th ' meshag YRR of QrafinyPA oh sl id iJigdq t he
reacti on%%egﬁzgg% %%Zi_d@%lot er na?aliy\s/éeglk{/%aﬁr%g/ or aalgdriati onal |h§b'l t neal éctgﬁ)teyg(la 12% gnal
may causéo theeonsaiy. Appatiaglyseach indelingtrecchheismasayganaratk orteca ploradithi off e t he
assay, card.and/or to.heat the assay card. It wll.  be reciated that many
i 11 10 eng TR SR misdRanT LRy E MecBbim Bl ToRYIER SEETPL e SERBiNabl Vs
encode agiffdpehitGmids a8 chfse tReassfppRlatiiit padford difYens BlsRE A coninly, Aiffdrehal i ty
of pre-programed 20control signals. It wll be appreciated that such

i ndexi ng funpjioncmay be herdergtedaat ddferant yimss dercodantpridae caniroh signals geperaigdhre,
mechani ca lLectri . t. cal i i ..t he
oo™ o BBk eGP bighll PR AR MEANMU NP card hag ceal b MEEMIMTERD o6 L0

of the tangetiatgefdllowiniciiasdel £pieatageay Sheh acsmrgdsigntiongetast the
predeterm ned characteristic of the reaction wth the test sanple. 25In one
enbod? me RPMPEEEOR Bcghanitm fopayes B & pagiculs timeavhitss thedeastiop fakes plaget o

optical | wfet86E1y 8/ 0P LEREHGR O{hlg!:cbﬁtrél%fggﬁtmﬁﬂgﬂise the assay dppaQilR (& ¥Rt ment,
the detector conprises: an an‘gll ier operable anplity a“srgnal provided .
f rom t he thed asedyr aacheonrcaliatel dteeastayrcard and/or to heat the assay card. It will be appreciated
that many different indexing mechanisms may be provided which may either themselves
encode an indication of the control signal or may select one of a plurality of pre-programmed
20  control signals. It will be appreciated that such indexing may occur through a variety of

techniques, such as, for example, mechanical, electrical or optical mechanisms.

In one embodiment, the assay card controller comprises: a detector operable to detect
the presence of the target agent. Such a detector may be arranged to detect a predetermined

characteristic of the reaction with the test sample.

25 In one embodiment, the detector comprises: an optical detector operable to optically

_detect the presence of the target agent.

In one embodiment, the detector comprises: an amplifier operable amplify a signal

provided from the electrochemical detector.

In one embodiment, the assay card controller comprises: an indicator operable to
30 indicate the presence of the test agent in response to an indication provided by the detector.

Accordingly, the indicator may indicate whether the detector sufficiently indicates the



I n one enbodi nent, the assay card controller conprises: an indicator
operable to 30indicate the presence of the test agent in response to an
i ndi cati omopoovi2g@d by the detector. Accordingly, the i rdircabor/oowgs

i ndi cate whether the detector sufficiently indicates the WO

2011/ 123064PCT/ SG2011/ 000128 13 presenc& of the target agent in the test
sanpl e. Such an indication may be based on a sinple threshold amunt to

provi de gidsise of thkOEidet ¥@nodin the @t davtepld. Sauh bn DididaEiyn pTag \be asedl alagiinplaat i ve
i ndi cation of the anmount or concentration of the target agent in the test

sanpl e. thresholdwaeymiihprovisle £ it8arcopyitis e segative desaltios Hﬁw&t\a@ea SHErdal K
met hod, ¢ Loﬁ '0'? ﬁletapﬁ)uﬁt glpc%ngéntraBBﬁ’ \Sf ﬁ't'b ﬁﬁﬂ%&t@gﬁa [r ising a
I ble re gent

substrate avl ng ast one conpress reservoir, each
conpressi bl e reagent reservoir containing an associ ated reagent and each
conpr essi bl e ﬁ@afgrémg tp @sseeandi arquyéuth@re doRIpYided ap essan metwdt sanpratghe steps

oper a? le %gorr\? 8%' V g%gttd Y sﬁ‘lg aas'ﬁgst A RIER a%%tﬁ?a F%%C&M&ﬁﬁég&?n a

r eagent e use ea soclated re e I'njecte

predet er Ii’f&s@ﬁzfdlrpézfiﬁFcohipt&&bh&edigfbaciehﬂm1@ batthingt 4 dseaidteddehfert had taht
10sanple. In one enbodi ment, each of a plurality of conpressible reagent
r eser voi F8MPEs§IBledeasqniyiessy ifbeiag roynied YVBE A0%35H3N ghaspRsr arerpklgde é"rCFrtVﬁéd

act uat i ogqpat i t. %ﬁﬁ%ﬁq@r@glﬁg STy amas%r%ba%a@%eﬁgam to b&hs@ REHARAG A

t he actuation pa I nea 151 n "one t he actuation pat

ext ends adagoig tabe dnjecedin 4 predassayedca@dek. into the reakioroctenméreb dicagiith thhdest -
reacﬁQon chﬁnber is located along the actuation path and the step of

conp onprlses conpressing those of the plurality of conpressible
r eagent reservorrs | ocated furthest away fromthe reaction chanber al ong
t he act uat i onIpaiiderhloodmai] eacihrmjf a@liurality of camnpressibleechgentagsm @irgas | aratedat

those of the pluralit of co ssi bl e. reagent 20reservoirs | gcated
closest PEFIEREMPEReplin cpipredeismingd M@ﬁ@narﬁbta%ﬂmprafedr% (e o
conpr essil¢ ch@agent reservoirs are located at the same predeternined

| ocation along the actuation path and the step of conpressing conprises:
S|nultaneousI¥ conpre(g@ng the at .| eas tmD of the plurality of

conpr essi bl e 1RaReHRORRERt, tieastupion path is Mitabusl y i nj ect associ at ed
reagents into the reaction chanber. 25In one enbodi nent, the nethod
conpifses t helsbeperdbodimenteinéiaogatihepas sgehdd Aohg aogensdf the asay eadent sack
in each reservoir chanber

In one embodiment, the reaction chamber is located along the actuation path and the
step of cotnpressing'comprises: compressing those of the plurality of compressible reagent
reservoirs located furthest away from the reaction chamber along the actuation path to enable
injection of associated reagents prior to those of the plurality of compressible reagent

20  reservoirs located closest to the reaction chamber.

In one embodiment, at least two compressible reagent reservoirs are located at the
same predetermined location along the actuation path and the step of compressing comprises:
simultaneously compressing the at least two of the plurality of compressible reagent reservoirs

to simultaneously inject associated reagents into the reaction chamber.

25 In one embodiment, the method comprises the step of: receiving the associated reagent

in a reagent sack in each reservoir chamber.

In one embodiment, the method comprises the step of: receiving excess from the

reaction chamber in a waste chamber.



I n one enbodi nent, the method conprises the step of: receiving excess from
the reaction chanber in a waste chanber. WD 2011/123064PCT/ SG2011/000128
14 WO 20ne280shodi nent, the nethod conprises the steprsGonev@ei ng
excess within material provided within the waste chanber. I n one
enbodi ment, the nmethod conprises the stép of: receiving the test sanple at
an inlet port of the assay card. In one enbodi nent, the nethod conprises

the step of: 3gahd abédiRehttRImABEd comprises tHelstepne: RHMSIHE BRdEss withi matealof
seal ing conpri ses seallgg%the inlet port with an adhesive when conpressed.

I n one empvddadewithintheewasse ehambebnpri ses the step of : generating a negative
pressure at the inlet port to assist receiving the test sanple. 10ln one

enbodi ment, t hgosd SRbATIMERN BIc3hdtAEH SorRtaRS théatdpr FSRYEIRIng MPfekiSAfple at an
conpressing a resiliently conpressible reservoir in flurd conmuni cation

wi t h t he inlpl peart ¢fdhe assay e@sder at e t he negative pressure. In one enbodi ment,
the step of generating a negative pressure conprises conpressing the

resiliently copphessbblifehCaRMAQhSd ERRMILS iHRG D Jrefealing e isievpdsie oper abl e,
foll owi ng 15conpression of the resiliently conpressible chanber, to assi st

deconpression _of the resiliently conpressible reservoir. .ln one
enbodi ment, t keoRRERBRAIBSHp ek af sealngsgmprises saling ihgdnletpRort Witk any 5

sponge p%@%&ﬂ%dm%ﬁc%ng&ﬁ&Pr”i“9 device. In one enbodinent, the sponge
conprises at |least one reagent retained therein. 20l n one enbodi nent, the
resiliently conpressible reservoir is in fluid conmunication with the
reaction chanbpne embodiment, the method comprises the step of: generating a negative pressure

at the inlet port to assist receiving the test sample.

10 In one embodiment, the step of generating a negative pressure comprises compressing
a resiliently compressible reservoir in fluid communication with the inlet port to generate the

negative pressure.

In one embodiment, the step of generating a negative pressure comprises compressing
the resiliently compressible reservoir comprising a reforming device operable, following
15  compression of the resiliently compressible chamber, to assist decompression of the resiliently

compressible reservoir.

In one embodiment, the method comprises the step of: receiving the test in a sponge

provided as the reforming device.
In one embodiment, the sponge comprises at least one reagent retained therein.

20 In one embodiment, the resiliently compressible reservoir is in fluid communication

with the reaction chamber.

In one embodiment, the resiliently compressible reservoir is in fluid communication

with the reaction chamber via at least one reagent retained within a substrate.

In one embodiment, the method comprises the step of: selectively fluidly decoupling
25  the reaction chamber from at least one of the compressible reagent reservoirs and the

resiliently compressible reservoir.



In one enbodinent, the resiliently conpressible reservoir is in fluid
communi cation with the reaction chanber via at | east one reagent retained
Wi t hi n a wobstiabe4 I n one enbodi ment, the nethedTserprioseast he
step of: selectively fluidly decoupling 25the reaction chanber from at

| east one of the conpressible reagent réServoirs and the resiliently
conpressible reservoir. WD 2011/ 123064PCT/ SG2011/ 000128 15 I n one
enbodi nent, t heoneéhbstivenptheseshédensirizps dik:stdpl afi Thidlyc@uplingithe réeetioeact i on
chanber with the at | east one_of the canressibIe reagent res rv?irs and
the resi chanbgryvitothpaklsastgne of bis sppressible reageny reserieiredddhs FRsHEntlY he et hod
conprise§mﬁgﬁ5§g@ge§%ﬁﬁﬁonpressing m crof |l ui dic channel s coupling the
reaction chanber wth the at | east one of the conpressible reagent
reservoirs and the resiliently conpressible reservoir. . . 1n _gQne

embodi ment , t heopeembrflimentiegrethetheonanrisgs Bie:stapralicomprassingapissriiwdicof t he
conpr gssi C I i : Vv . In one
cbodt o PR SO GRhE e Chnter Qhacing aPERAAIRELorppressiple egeent 0
100per abkeetvoirs abidpthe redikeritlyl coimppessiblavietdrvéine reacti on chanber. : I n one
enbodi ment, the assay card conprises a plurality of mcrofluidic channels
operable to couple a ac f 1 ur al i C 1 bl

reservoirs w ? %8?%%m$’°e(§%l§ fmoﬁlecr%%rﬁr%dgérqm&lseg Mle%{ep O?Irﬁr%geﬁnzmg r?gtgéﬁ(?rlgﬁﬁlet he

met hod ceoippics€ion ifeehaailiep o HetesibInastta fkal presembi.ng at | east one

15m crofluidic channel. In one enbodi nent, the mcrofluidic channels

conpri se adheiive Seﬁkﬁblﬁ aQrtions. - 'a18£ o&ﬂ%ﬁgéﬁqg%w &Q%lreaction
chanber conpr'%gg:gﬂv? Pl fw%ﬁdm¥%%)ﬂ%Fﬁ% conpri ses te sPep of :

provildi ngpaablendcewdilé MR ifikt gorpwih eiceadfonahhmbget agent within the test
sanpl e. 20In one enbodi nent, the indicator conprises a wi ndow and the step

of providing an indicalion conprises; detecting the presence. of the target
agent "t hr ough 1t RES S RRRBRER: £ Totay RE8FconinEERt Rt oSG in thahtifs &
transpar @péraBRdo theIShRRCRbS ﬁﬁ@?pﬂfr&llit? Of 6OMPrckSBIS redpphi regdridirsdeitie teiragtihe
presence of the target agent. In one enbodinent, the indicator conprises an

el ect r oclib#mbd] detector operable to 25el ectrochenmical ly detect the
presence of the target agent, the el ectrochem cal detector being

In one embodiment, the method comprises the step of: selectively sealing at least one

15  microfluidic channel.
In one embodiment, the microfluidic channels comprise adhesive sealable portions.

In one embodiment, the reaction chamber comprises an indicator and the method
comprises the step of: providing an indication of a presence of a target agent within the test

sample.

20 In one embodiment, the indicator comprises a window and the step of providing an

indication comprises: detecting the presence of the target agent through the window.

In one embodiment, the window is transparent and the step of detecting comprises:

optically detecting the presence of the target agent.

In one embodiment, the indicator comprises an electrochemical detector operable to
25  electrochemically detect the presence of the target agent, the electrochemical detector being
coupled with a metallic coupling formed on the assay card to provide an electrical connection

between the electrochemical detector and the assay card controller.

In one embodiment, the reaction chamber comprises a predetermined reagent.



coupled with a netallic coupling fornmed on the assay card to provide an
el ectrical connection between the el ectrochem cal detector and the assay
card contyweglhAlsded one enbodi ment, the reacti on chanbepc¢ReRhiiHeF28

predeterm ned reagent. WD 2011/123064PCT/ SG2011/000128 16 I n one
enbodi nent, the predeterm ned reagent i3$6provided on substrate within the
reacti on chanber. I n one enbodi nent, the assay card is extruded and

t her nof or med b bhe ElbBodimdn® thegprydeterminedTbapeans peodideti oresubstritbevithisehy card
conprises a plurality of sheets arranged to forma |amnate, at |east one
of the shKeastien BRAMRETa t her nopl astic having the plurality of conpressible
reagent reservoirs, the reaction chanber and the mcrofluidic channels
formed ther eony one embodifhet) hei¥RUarERlextridd mISRmOPdTehed TR ths @Rl ¢f aheat i ng
el enment provi ded on one of the sheets operable to heat the assay card. 10In
one enbodPfB-, the heating el ement conprises an electrical heating el enent

and the nethod conprises the step of powering the heating el ement. . I n
one egbodi nenty ohdembEIiReH, GRMIEIySAR EdMeprikeR pRiralRPOF siRbtsian@nditoTeah bNY
el enent achi eve a predeterm ned assay card tenperature. - I'n one

enbodi medaminpiseatdeasponst ofdberpiestsdieing cibrpmapassic havug thy Rlutabity afcompressible t o
the 15as ?%&ar'egervcﬁisoﬁl% 8 oREh AR ARd %trnicroﬂl*idic cH{hn%flefoﬁﬁ@cptg%gg{ft , the
OIYpressi ng ‘conprises: noving a pair o e e

step of C rol'rers opera ‘0 receive
the assay card therebetween relative to the assay card, along the actuation
pat h. In on¢ emberimenty i aseaytcard ¢ranprisepa béatngrepanes prayidedroprans @f the

novi ng a ﬁ&%@nQQéﬂe&ﬂ%%fhe%g&e%%%iVe to the roller to conpress
predeterﬁlned“éreas o] € asgay card. I n one enbodi nent, the assay

card conprises mcrofluidic channels routed to the predeternmined areas to
enablle sel ect ilw engcempodimeiipthedfeatigeelpmentaompridéscancientingdl Seating edaneent and

enbodi nent, the pair .of rollers are. c led b ears. In one enbodi nent,
The st ep tisrmesia PaBbiRs hOT BRI RG at Y lBR i L he
In one embodiment, the method comprises the step of controlling the heating element

" achieve a predetermined assay card temperature.

In one embodiment, the step of compressing comprises: moving a roller relative to the -

15  assay card, along the actuation path.

In one embodiment, the step of compressing comprises: moving a pair of rollers
operable to receive the assay card therebetween relative to the assay card, along the actuation

path.

In one embodiment, the step of compressing comprises: moving a secondary roller

20  relative to the roller to compress predetermined areas of the assay card.

In one embodiment, the assay card comprises microfluidic channels routed to the -

predetermined areas to enable selective compression of the microfluidic channels.
In one embodiment, the pair of rollers are coupled by gears.

In one embodiment, the step of compressing comprises: varying a speed of the
25  compressing each of the plurality of compressible reagent reservoirs to cause each associated
reagent to be injected into the reaction chamber to react with the test sample with

predetermined timings.



25conpressing each of the plurality of conpressible reagent reservoirs to
cause each associated reagent to be injected into the reaction chanber to

react w t\Wohbf/hesh sanmple with predetermned timngs. pPsG2011/000128

2011/ 123064PCT/ SG2011/ 000128 17 I n one enbodi ment, the nethod
conprises the step of detecting an i ndeX7ng nmechani sm provi ded on the assay
card to produce at |east one control signal. I n one enbodi nent, the

met hod conpr i $£8né absdigpniOthedaétred édigprisePtherstdpl dferbtinghaiedagngechani sns -
provi ded on the assay card to produce a plurality of contrql signals. 5In

one emboSsBHEST PHY IR Aghe assay £irdde PradiCceatdpashpne Rttt $IERY- t he presence of
the target agent. In one enbodi nent, the step of detecting conprises:

optically detegbhd@mbRBmRAEERNEENE cdriftised f@atepad@iBiecting a plurality of thdexifg
enbodi ment, the step of detecting conprises: anplifying a signal provided

f r om 10t iechanigny poNiskel ealtharssaceasd ta produesca ploahbrefcanitgl dgnadet t he
presence of the target agent. I n one enbodi nent, the nethod conprises

the syep of: ih'i‘Qh@é}hb&ﬁm’éﬂt?t}ﬁﬁﬁaﬁw&rﬁﬁris%b&ets%ztofa&%ﬁtinig@hé&%&%@Sfih@ an

i ndi cation provided by the step of detecting. According to a third aspect,
t here i stpgovigaeld an assay card, conprising: a substrate having at |east
one conpressi bl e reagent reservoir, each conpressible reagent reservoir

15cont ai ni N9 g oRASSAGRMER:, IHRAGPYF RREHSAEMHREPIJpasAIR) &téc%ﬁ?%préfe’ﬁ@é ypir
bei ng coupled with a reaction chanber operable to recéive a test sanple.

| n one etlixdidigebagent.each of a plurality of conpressible reagent reservoirs
is located at predeterm ned | ocations along a predeterm ned actuation path

al ong the assay oﬁﬁéﬂbodiﬁﬁeﬂ@ ﬂlepsf%)qgid%@{ing ¢ I?S%léﬁ{rylf?ﬁng %ts%niaﬁpljo.\/i'a@@ Fron?0l N

one enbodi nent, the actuation path extends al ong an axis of the assay card.
10 the electrochemical detector to electrochemically detect the presence of the target agent.
In one embodiment, the method comprises the step of: indicating the presence of the

test agent in response to an indication provided by the step of detecting.

According to a third aspect, there is provided an assay card, comprising: a substrate
having at least one compressible reagent reservoir, each compressible reagent reservoir
15  containing an associated reagent and each compressible reagent reservoir being coupled with a

reaction chamber operable to receive a test sample.

In one embodiment, each of a plurality of compressible reagent reservoirs is located at

predetermined locations along a predetermined actuation path along the assay card.
In one embodiment, the actuation path is linear.
20 In one embodiment, the actuation path extends along an axis of the assay card.

In one embodiment, the reaction chamber is located along the actuation path and those
of a plurality of compressible reagent reservoirs located furthest away from the reaction
chamber along the actuation path are compressible to enable injection of associated reagents
prior to those of the plurality of compressible reagent reservoirs located closest to the reaction

25  chamber.

In one embodiment, at least two compressible reagent reservoirs are located at the
same predetermined location along the actuation path to enable simultaneous injection of

associated reagents into the reaction chamber.



I n one enbodi nent, the reaction chanber is |ocated along the actuation path
and those of a plurality of conpressible reagent reservoirs |ocated
furthest woayiinemut he reacti on chanber al ong the actuabcescetioans
conpressi ble to enable injection of associated reagents prior to those of
the plurality of conpressible reagent ré8ervoirs located closest to the
reaction 25 chanber. I n one enbodi nent, at |east two conpressible
reagent reser \Imbn@erabfedim@nfaem raservdiechsanber pwrepteﬂeeami:agem sadcwhichn al ong t he
actuation e SI éane s injection of associated reagents into

the react Pgrﬁgfé]ﬁ%ﬁ‘?%‘rve PSS F95TRAPCT) S@011/ 000128 18 In one

enbodi ment, each reservoir chanber conprises a reagent sack which operable
to recei ve thénassaobatiment; dmgeethod ¢(rmpmises ﬁmtsmbi ofdomming ke raggehoshck dypri ses

the step of formn he r ent sack t to forma

br ot ey SRR FiEor BaSa ROt RiteRk HisreuL it e PRUEFIRGME. pol yrer
backi g k&RMBADolymer backifg @gedpiybodi ment, the step of sealing conprises
appl ying a pressure using a conductive coil to the netal foil and pol yner

corl 1 RRofe gttt e Cy At PISBE: S RACt o
chanmber  @pefiRALEcdiPtd 1RE fetf fdiParkiiivie BT %*&ﬁd ﬁf@g%g%n@gﬁ?@ﬁhcy fd?at

embodi ment, the waste chanber conprises: eria rab retaln
excess. field to thexcandecterezodi nent, the assay card conprises: a sealable |nIet
port coupled with the reaction chanber and operable to receive the test

sanpl e. 15| n gnceéq?&gqlﬂi@ﬂtt heldR& c'ahfaé r?%ﬁrSES a%va%?eaééﬁmb%r %perable td RcQPE

enbodi nment , e sea e |n et p rt conpri ses an adhesive operable to sea
t he ﬂ&letxgﬁsﬁomhbﬂr@muwrdswéﬁr I n one enbodi nent, the assay card
conpri ses a vacuum devi ce operable to generate a negative pressure at the

| et t ot th
inlet port tojagsi ér}lb&ﬁx%@ht‘f’{thﬁrrl enth%ﬁr%%r AR Es: B:I%géﬁhl% &aﬁl@?@%tﬁﬁ'{'ﬂe €

vacuum devi ce conpri ses y conpressi res rvol
CXCECSS.

In one embodiment, the assay card comprises: a sealable inlet port coupled with the

reaction chamber and operable to receive the test sample.
15 In one embodiment, the inlet port is sealable.

In one embodiment, the sealable inlet port comprises an adhesive operable to seal the

inlet port when compressed.

In one embodiment, the assay card comprises a vacuum device operable to generate a

negative pressure at the inlet port to assist receiving the test sample.

20 In one embodiment, the vacuum device comprises a resiliently compressible reservoir

in fluid communication with the inlet port.

In one embodiment, the resiliently compressible reservoir comprises a reforming
device operable, following compression of the resiliently compressible chamber, to assist

decompression of the resiliently compressible reservoir.

25 In one embodiment, the reforming device comprises a sponge operable to receive the

test sample.

In one embodiment, the sponge comprises at least one reagent retained therein.



in fluid communi cation with the inlet port. I n one enbodi nent, the
resiliently conpressible reservoir conprises a reform ng device operable,

f ol | ow ngwoentres®ikon of the resiliently conpressibl e cRawser)111000128si st
deconpression of the resiliently conpressible reservoir. 25In one

enbodi nent, the reforning device conpri$®s a sponge operable to receive the
test sanple. In one enbodi nent, the sponge conprises at | east one reagent
ret ai ned t her énone et ditet, ﬂ&%ﬁh@ﬂy/@@m@ﬂ%@@&a&in& in fluid cdmmaonigation
enbodi nment. he resil, eqat | y conpressible reservoir is in fluid

conmuni caVhe fFacHor HRamBstet i on chanber . I n one enbodinent, the
resiliently conpressible reservoir is in fluid communication with the
reaction chantieonyembadimesqste resibenthageitressitlaicpadoins inifluidicanishicaien 51 n
one enbodi t, the ass card, co ises a flow preventer operabl eto

sel ect i vé‘Y’g‘e'SFﬂ‘?aﬂP?p%?é‘%b %F?@St;@ﬁé?qgﬁﬂ“@ﬁéﬂ?ge‘ﬁﬂf‘?ﬁﬁ?%ﬁ "fCaast one of the
conpressi bl e reagent reservoirs and the resiliently conpressible reservoir.

I n one enmbodi Meohe efhib&difeanvtieraysriaat cimsprisesrn Ylati eetentdrlopérdbly te s¢lpdtivelyhe
reaction chanmber with the at |east one of the conpressi blb? r eagent
c

reser voi Akid{ydeeayplerthe raaction shambst Ry desiyme of dhacegaparesst reagem FesH@Irs
enbodi ”e%dt}’ie'}%m &RW fb%re's% %_erabl e to conpress mcrofluidic
e gact a i

channel s coupling t lon c er with the at | east one of the
conpressi bl e reagent reservoirs and the resiliently conpre55|ble reservoir.

I n one embodi AARe empedinest thedlawpreypriey is samoveble teékiﬂ Ip seunte tregeadtioai c
channel ng&ags&% 1PthE Ot RAURNLE of i 50{0}48?&&!8%%&1@%{ Fé[s&bgllﬁ ﬁ?o% ?é%ufe%ybu' e

In one e the assay car ri ses ura mcro
channel scompreahbke re@rooupl e at each of t he plur aI ity of corrpr essi bl e
reagent reservoirs with the reaction chanber. In one enbodi nent, the

M oroftul di ¢ GRANShBodlin® iR KELInEARLABL B 2L ANRNE IR TR e

RefRgnEe i
m crofl ui di ¢ channel's conprise adhesive on géar
coupling the reaction chamber with the at least one of the compressible reagent reservoirs and

the resiliently compressible reservoir.

In one embodiment, the assay card comprises: at least one microfluidic channel

15  operable to couple the inlet port with the reaction chamber.

In one embodiment, the assay card comprises: a plurality of microfluidic channels
operable to couple at each of the plurality of compressible reagent reservoirs with the reaction

chamber.
In one embodiment, the microfluidic channels are selectively sealable.
20 In one embodiment, the microfluidic channels comprise adhesive on sealable portions.

In one embodiment, the reaction chamber comprises: an indicator operable to provide

an indication of a presence of a target agent within the test sample.

. In one embodiment, the indicator comprises: a window through which the presence of

the target agent may be detected.

25 In one embodiment, the window is transparent to enable optical detection of the

presence of the target agent.

In one embodiment, the reaction chamber comprises: a predetermined reagent.



I n one enbodi nent, the reaction chanber conprises: an indicator operable to
provide an indication of a presence of a target agent within the test

sanpl e. wo2011ln3@ae enbodi nent, the indicator conprisepcTadGoHNMOYY28 hr ough
whi ch the presence of the target agent nay be detected. 25In one

enbodi nent, the window is transparent t20enabl e optical detection of the
presence of the target agent. In one enbodi nent, the reaction chanber

conprises: a [ eaetabsdimest, tRagedetermind@ rédhkh( it P3O0 HGRDHd WADGIAS 20

I n one enbodi nent, the predeterm ned reagent is provided on substrate

Wit hin t iRacHeRehangerchanber . I n one enbodi nent, the assay card
conprises: an el ectrochem cal detector operable to electrochem cally detect

the presence of ohdiembadisiSht, B@@Riay dahBcodh@isbs: Qg Restroelentiedl deteotor bpralle to
coupled with a netallic coupling to EFOVIde an el ectrical connection

bet ween telestrethsstieadlyitistrct e parsercardfithetateet Agenhdbagleetnchenivat ddeqterbeing
In ong 6%188 qé&‘%’ﬂh’a r%&?lli‘g%gg}iin%gt{) grdv?deeﬁg{lﬁcqﬁgal %@ﬂlercﬁ(% E@&v@émg with the aid
1N on e odil ment, e a

of a Vvacuu assay card conpri ses:
pl ural it gleofrodfeaatg detet@dngeditht asdaprcandacoh@bileri nat e, at | east one of the

sheets being a thernoplastic having the plurality of conpressible reagent

reservoirs, the reactipon chanber and, the m crofluidie¢c channgl.s forned
t her eon. PRe 8?%@0‘3%% il Ctaﬁdelsg)s(tsr% e%caé’fi e(%lr(r)%orrfng gsw 1§1 %3%i Orr%‘
el enment pa&Mingled on one of the sheets operable to heat the assay card. In

one enbodi nent, the heating el enment conprises an electrical heating

| t. 15l ' h d ] h
operabl & to CRPRorMDREREA A SI GREIBRT VA R abeett i Eal K OAY %ar o

t enpepat Wikinate, at least SnOsRhE FRREI ¥R a theMeop&siahawiag thecsHimlilysEeofipedsaibleui di C
channel s routed to predeterm ned areas to enabl e selective conpression of

t he ni cr d¢dganidiesereditsmphsirgaction chamber and the miceofiidis ghanagls foxmed thereay. car d
conprises conprising an indexi ng mechani sm 20provi ded on the assay card.

In one embodiment, the assay card comprises a heating element provided on one of the

~ sheets operable to heat the assay card.
In one embodiment, the heating element comprises an electrical heating element.

15 In one embodiment, the assay card comprises a thermometer operable to control the

heating element achieve a predetermined assay card temperature.

In one embodiment, the assay card comprises microfluidic channels routed to

predetermined areas to enable selective compression of the microfluidic channels.

In one embodiment, the assay card comprises comprising an indexing mechanism

20  provided on the assay card.

In one embodiment, the assay card comprises a plurality of indexing mechanisms

provided on the assay card.

According to a fourth embodiment, there is provided an assay card controller
comprising: a compression mechanism operable to compress at least one compressible reagent
25  reservoirs containing an associated reagent provided on an assay card to cause each associated
reagent to be injected in a predetermined order into a reaction chamber provided on the assay

card to react with a test sample.



I n one enbodi ment, the assay card conprises a plurality of indexing
mechani sns provi ded on the assay card. According to a fourth
enbodi menyo 2vhensosss provi ded an assay card control |l er eOIBG26i1/100128
conpr essi on nechani sm operable to conpress at | east one conpressible
reagent 25 reservoirs containing an assdti ated reagent provided on an assay
card to cause each associ ated reagent to be injected in a predeterm ned
order into a ngaad érbodimanieie apsaywattecbnolibh@ngsidaya payvehtion mehatismi t h a
test sanple. WD 2011/123064PCT/ SG2011/000128 21 I n one,enbodi nent,
the assayPerabld te BrVER) ackiatien ahihe Se@PEesHPR ARG AB AREHI AT IR Y BreyeRts!
prevent agtiaidan.pf the conpression mechani smon detection of a flow
preventer on tﬁ assay card. I n one enbodi nent, the conpression
mechanismis operable to follow a predeterm ned actuation _path al ong.the
assay card t oleenperebedimgat thercompaespion machanjsiafis ersigiletosiolpw arrradsdermined
reseryoir . . ; es: a
ror ex opeagnpyh ang B SRR omdr R oo B Bl B e AP TR
pat h. reservoitkn one enbodi nent, the conpressi on nechani sm conpri ses:

pair of rollers operable 10to receive the assay card therebetwen and
operable to ve relative tq the as ..al .t he i

I n one enbod?ﬁ%ﬂ??@Pﬁ%hgfgﬁﬁwéﬁPﬁﬁ%%hﬁP%%P%P“ﬁ&ﬁ%@?%%s?ﬂg%§§é&§@ggghﬂﬁeto
coupl e t helafpd to thd ass® t4d Salong the actuation gatle enbodi nent, the conpression
mechani sm conpri ses: a secondary pair of rollers 15operable to nove

relative to the pallyolloll herS oo COMRIERS BN SISLALM Do, AF 5 Oloolife
assay card. RO SHE R b SRS O ARTe38Y Y AP Coth T OPT & coﬁbrlses: a
cont ol | & re@pieE AR Bsdyocaydihiércbpefdn @hd GPAUEBIE s mbhe radaiverte 8xi Bayr@ed aingm

al ong the actuation path. I n one enbodi nent, the controller is
operabletb%m%ﬁﬁﬁg@m@irection of novenent of the 20 conpressi on nechani sm
the along the actuation path. I n one enbodi nent, the assay card
controll er conpbhé&asbodhRAL tHeGabayCant amlnsllon@haises: lgead opehble tdsneaidm@gle

el ement on the assay card. I n one enbodi nent, the assay car

control | @rireémilerses: a thernometer operable to control the heating el enent
achi eve a predeterm ned assay card tenperature. 25In one enbodi nent, the

assay card conf bpé bfbodiRRRE HRQDmpAEssiol dechaftRChbAprisies 8dtoBddrd pair of rollers
15  operable to move relative to the pair of rollers to compress predétermined areas of the assay

card.

In one embodiment, the assay card controller comprises: a controller operable to vary

speed of movement the compression mechanism along the actuation path.

In one embodiment, the controller is operable to change direction of movement of the

20  compression mechanism the along the actuation path.

In one embodiment, the assay card controller comprises: electrical contacts operable to

power a heating element on the assay card.

In one embodiment, the assay card controller comprises: a thermometer operable to

control the heating element achieve a predetermined assay card temperature.

25 In one embodiment, the assay card controller comprises: an index detector operable to
detect an indexing mechanism provided on the assay card to produce at least one control

signal to be provided to the controller.



detect an indexi ng nmechani sm provi ded on the assay card to produce at |east
one control signal to be provided to the controller. WD
2011/ 123066R6M/126#@11/ 000128 22 I n one enbodi ment pcrise20nmexi2glet ect or
is operable to detect a plurality of indexing nmechani sns provided on the
assay card to produce a plurality of coBfrol signals to be provided to the
controller. In one enbodi nent, the assay card controller conprises: a
det ect or oper ahbge t@bélEent tHeleddr R s Sferiletd dst@th pAgality .of indexingl N one
enbodi ment, the detector conprises: an optical detector operable to .
opt i cal | ynegbardems prexidsd @8 dhrcassdr carthio pradissta plywhity of control signabnie bemoviferent |
t he det eqéﬁ{e cggga:ilé'rses: an anplifier operable to anplify a signal provided
fromthe electrochem cal detector. 10ln one enbodi nent, the assay card
controller conprises: an indicator operable to indicate the presence of the
test agent i nInespenbedimgntatheiassiycard enmtigHengomadispy atrdgtectps operable to detect
Furt her .cul ferred aspects of the present invention are set
out iﬁ tEggggegﬁ%é%@?%%%gg%éndent and dependent cl ains. Features of the
dependent clainms may be conbined with the features of the independent
cl ai ms as appfdopné embodimant, the deteetsir sampuses: dibeptivel daterier apsbee exopticain | y
set out in the clains. .The practice of the present invention wll enploy,
unl ess Otdﬁtg?wﬁg8rqs?{meé)£gl§&?npgg§z}§;8ﬁti onal techni ques of chem stry, nolecul ar
bi ol ogy, m crobi ol ogy, reconbi nant DNA and i nmunol ogy, which are within the
capabilities dfone pebadbment therdgiactor gomiibds: amampléficxroperaBledh ampbifina siged ar e
explained in.t literature. Se for exanple, J. Sanbrook, E. F. Fritsch,
20 and TF" qﬁdgtf?rg,theledgcgfocﬁgpgelﬁqeéqc?% oni ng: A Laboratory Manual, Second
Edi ti on, Books 1-3, Cold Spring Harbor Laboratory Press; Ausubel, F. M et
al . (0995 and Ipen¢ edbadisepptlermssaysardumtretier ddngirseolas indicadit aperdbér toBi ol ogy,
ch. 9, 13,.and 16, John Wl ey & Sans, New York, .N.Y.): B, Roe, J. Crabtree,
and A KAIHCHS dE@ressRgs o1dby BRI BRHrRED Nbd.lcaé‘%é’ﬁ?‘il‘?ﬂfid%ffe@ﬁ AFGEEE,  John
Wley & Sons; J. M Polak and James O D. McGee, 1990, In Situ
25Hybri di zat i dlarthérpantidubdread araferRtdaspeceot B borsehtlivendos ateyseRneds theM  J.
Gait (Ed Ia;[:c-oorrr)lﬁangl'lgn%%r’ldependent and dependent claims. Features of the dependent claims may be
combined with the features of the independent claims as appropriate, and in combinations

15  other than those explicitly set out in the claims.

The practice of the present invention will employ, unless otherwise indicated,
conventional techniques of chemistry, molecular biology, microbiology, recombinant DNA
and immunology, which are within the capabilities of a person of ordinary skill in the art.
Such techniques are explained in the literature. See, for example, J. Sambrook, E. F. Fritsch,

20  and T. Maniatis, 1989, Molecular Cloning: A Laboratory Manual, Second Edition, Books 1-3,
Cold Spring Harbor Laboratory Press; Ausubel, F. M. et al. (1995 and periodic supplements;
Current Protocols in Molecular Biology, ch. 9, 13, and 16, John Wiley & Sons, New York,
N.Y.); B. Roe, J. Crabtree, and A. Kahn, 1996, DNA Isolation and Sequencing: Essential
Technigues, John Wiley & Sons; J. M. Polak and James O’D. McGee, 1990, In Situ

25 Hybridization: Principles and Practice; Oxford University Press; M. J. Gait (Editor), 1984,
Oligonucleotide Synthesis: A Practical Approach, Irl Press; D. M. J. Lilley and J. E. Dahlberg,
1992, Methods of Enzymology: DNA Structure Part A: Synthesis and Physical Analysis of
DNA Methods in Enzymology, Academic Press; Using Antibodies: A Laboratory Manual:
Portable Protocol NO. I by Edward Harlow, David Lane, Ed Harlow (1999, Cold Spring

30  Harbor Laboratory Press, ISBN 0-87969-544-7); Antibodies : A Laboratory Manual by Ed



A i gonucl eotide Synthesis: A Practical Approach, Irl Press; DD M J. Lilley
and J. E. Dahl berg, 1992, Methods of Enzynol ogy: DNA Structure Part A

Synt hesi swendiiPhysucal Anal ysis of DNA Methods in Enzympogg20Acasiesi c
Press; Using Antibodies: A Laboratory Manual: Portable Protocol NO | by
Edward Harl ow, David Lane, Ed Harlow (1899, Cold Spring 30 Harbor
Laboratory Press, |SBN 0-87969-544-7); Antibodies : A Laboratory Manual by
Ed WO 20kiloh2ABAGSHI4SELAAL (FOHAB92S (did Sprind Halibbol dboridami RPrebsaisBNBdi t or)
(1988, Cald Spring Harbor Labhoratory Press, | SBN Q- 87969-314-2), 1855.
Handbook 887698 Lig2 54 S Aiagbockartiidnte Syreraigiedisiy Regwkraims Seeitabhavat hi B.

Fer nande?’r%%g%ithio 0K (01, N 8k, RAK KR hrcel 1§g4g4fe91§1§14170-@§@720%?59r)§9ﬁ’d Lab

Ref: A Han ecl pes, Reagents, 'and O her grence Tool s Use at
t he BenclhabReEdh Haddbmkef ResipasyR cagehtd, iand Othiko Rpéarence 2005, foblselatShe Begch,

Har bor Lahor at or SBN 0-- .87969-630- h of. these gener al IS
her ei 1 iﬁgz}?ﬁ%’ai@#w %@@p@%@edg%@é%@@%@m %irsb@&g IR - _
Enbodi megyss90633-DEERN DT itk bEnee td:@disWetdin RWBRLESCIfhastef urt her, with
reference to the acconpanying drawings, in which: 10Figure 1 illustrates

conponents of the assa a1p aratus according to one enbodi ment; Figure 2
il ustraMMéﬁd—&;@@%ﬁﬁg to one enbodiment; Figure 3 illustrates
a section thraugh .the as card.of Figure 2: JFigure 4 .illustrates an
xanpl e pr ocel g sobkpRge ilisnip? SiEpd% be deveribd S drliyrelGtiRus

enmbodi nemdac&&ﬁbg@ﬁl?draﬁiﬂg@, aGHitH:ustrate an exanpl e operation for draw ng
a test sanple according to one enbodinent; Figure 6 illustrates the assay

card bei ng present to the assay, apparatus: Figures 7A t D
Tl are Ferany SlbTakarenannal R A ey asco BlisdR o sPedens o
t he assay apparatus along a conpression path; 20Figure 8 illustrates

opti cal changé&gura? ilastbico an amhe cardlaccuéding do ved gthbglimentcent rat i ons of a
target agent;

Figure 3 illustrates a section through the assay card of Figure 2;

Figure 4 illustrates an example process for performing a multi-stage reaction according

to one embodiment;

15 Figures 5A to 5C illustrate an example operation for drawing a test sample according

to one embodiment;
Figure 6 illustrates the assay card being presented to the assay apparatus;

Figures 7A to 7D illustrate relative movement of the assay card with respect to rollers

of the assay apparatus along a compression path;

20 Figure 8 illustrates optical changes in reaction material due to varying concentrations

of a target agent;

Figure 9 illustrates a fluid diagram showing the equivalent function of the assay card

of Figure 2;

Figures 10 and 11 illustrate desired example reactions to be performed by reagents

25  within the reaction chamber of Figure 2;

Figure 12 illustrates a sensor disk utilised in the reaction chamber in one embodiment;



Figure 9 illustrates a fluid diagram show ng the equival ent function of the
assay card of Figure 2; Figures 10 and 11 illustrate desired
exanpl e rwebionsicio be performed by reagents 25w t hi n tphe/sceaalopens chamber
of Figure 2; WD 2011/123064PCT/ SG2011/000128 24 Figure 13 illustrates
processing steps for the preparation of24he sensor disk of Figure 12;
Figure 14 illustrates an arrangenent of a test sanple | oading device
according to @igremdatistees prooEdsihigrseepd Fori the pebaraties ofuhe dénsandiskefiFigate a
seal abl e channel according to one enbodi nent; Figure 16 illustrates
an exanpﬂg;operation of the test sanple |oading device of Figure 14
utilising the seal able channel of Figure 15; Figure 17 illustrates a double

rol l er arranggngné 1/ARRITEEHE hParpemeprdradtaBahple104igtiddscel@boridngt8 Gne
illustrate a double roller arrangenent according to anot her enbodi nent;

Fi gure 19mbpdigantat es an arrangenment of a channel having seal abl e and
non- seal abl e portions according to one enbodi nent; Figures 20A to 20D

i1l usgrates arsaheM®iliustraePieseiiodinefbff sedldbRThanhet Adcdrdndtoddheld5exanpl e
silver enhancenent process performed by the assay apparatus using. that

assay caembgdemmdi ng to one enbodi nent; Figure 21 illustrates a
schematic representation of an assay card and an exanpl e silver enhancenent

proc efrtS) ger fo {F@ﬁ‘e by i11RBaRS SRYx AR FeritForllst tRDtebN@InpRSIDaYing AEH cAGLBLHINg t O
one ennodil nent,
14 utilising the sealable channel of Figure 15;

Figure 17 illustrates a double roller arrangement according to one embodiment;

10 Figures 18A to 18C illustrate a double roller arrangement according to another

embodiment;

Figure 19 illustrates an arrangement of a channel having sealable and non-sealable

portions according to one embodiment;

Figures 20A to 20D illustrates a schematic representation of an assay card and an
15  example silver enhancement process performed by the assay apparatus using that assay card

according to one embodiment;

Figure 21 illustrates a schematic representation of an assay card and an example silver
enhancement process performed by the assay apparatus using that assay card according to one

embodiment;

20 Figures 22A to 22D illustrates a schematic representation of an assay card and an
example heavy metal detection process performed by the assay apparatus using that assay card

according to one embodiment;

Figure 23 illustrates a schematic representation of an assay card and an example one
step blood test process performed by the assay apparatus using that assay card according to

25  one embodiment;

Figure 24 illustrates a schematic representation of an assay card and an example
sequential injection process performed by the assay apparatus using that assay card according

to one embodiment;



20Fi gures 22A to 22D illustrates a schematic representation of an assay
card and an exanpl e heavy netal detection process perforned by the assay
appar at uswoongi2sdsat assay card according to one enbodi wemisG2011/000128 Fi gure
23 illustrates a schematic representation of an assay card and an exanpl e
one step bl ood test process perforned b§5the assay apparatus using that
assay card according to 25 one enbodi nent; Figure 24 illustrates a
schenati ¢ repraaeeailiiates a schcatisiayepresettadonl ofin Sxanpiré aseauetinme -

i njection process performed by the assay apparatus using that assay card
accor di n§obEeste cBRBEeRcHER{PC »@bze&@fcb%@éf@@w@@eﬁqrmé pyghezssay

Figure 251 . ' L e i: of an assay-card and an
exanpl e %8#§%§$g%gégﬁé?ﬁaf%%g?%%ﬁm%g%gﬁ%ﬁgﬁﬁ%%ggﬁéhip (LOC) process
performed by the assay apparatus using that assay card according to one
embodi nent ;  Figure 2§ g}ﬁw@atzsa sehematie sersesentaemehalt assay esd ardan eangde of an
assayccar - ; y
appar &t usreaanins EQEPRARBorb AR B B8 sty sPpBRES S EHRERIRD sk MF0R38

i1l ustratbasembsdihergti ¢ representati on of an assay card and an exanpl e DNA
extraction Lab-on-a-chip process perfornmed by the assay apparatus using

t hat - assay card acgordi t o _qne enbodi nent.;  10Fi e i i rat
schemt i roprouie ot tsist & sRReBE AT linn S EXhFeded e S laBnn

t ri phosphatrgtioATRD-dnadclfip peocehl frerfok@Ed bp HrReRsS appithnis g byat akway aasiay
apparatus using that assay card according to one enbodi nent; Figure 29 .

i || ust r aBeROrding s eug crabsiingitys accor di ng to one enbodi nent ;

Figure 30 illustrates the formati on of a reagent blister according to one

embogpnent ; 15figeneilRibtrifel HSEHeRaES rRedehabon barl £3gLftrd bhd &i exangfle Fi gur e
30; Figure 32 is a perspective view of the reagent blister of Figure 30;

Fi gur e 33denosinsttiiphasshain (AERhabcer-a Ghir 0re hefoeess prdoramddyi the Atsay
Fi gure Ségh%ﬁﬁshgﬁ ﬂﬁp%£%6g?ggk&gdhﬁ%ggﬁg&hgﬂﬁng t ween an assay appar at us

and nobi one atcordi one e iment; and” 20Figure 35 illustrates

an absorptiveFioint arrangenent . _ _
igure 29 illustrates an assay apparatus according to one embodiment;

Figure 30 illustrates the formation of a reagent blister according to one embodiment;
15 Figure 31 illustrétes sealing the reagent blister of Figure 30;

Figure 32 is a perspective view of the reagent blister of Figure 30;

Figure 33 illustrates an assay card according to one embodiment;

Figure 34 is a flow chart showing interactions between an assay apparatus and mobile

phone according to one embodiment; and
20 Figure 35 illustrates an absorptive joint arrangement.

DETAILED DESCRIPTION

"ASSAY APPARATUS

Figure 1 illustrates an arrangement of an assay apparatus, generally 10, according to
one embodiment. The assay apparatus 10 provides a simple, reliable and effective

25 arrangement for determining the presence of a target agent in a test sample.

The main components of the assay apparatus 10 are shown with its cover removed to

help improve clarity. The assay apparatus 10 comprises an assay card 20 which, as will be



DETAI LED DESCRI PTI ON ASSAY APPARATUS Figure 1 illustrates an
arrangenent of an assay apparatus, generally 10, according to one
enbodi menyo 20he123®say apparatus 10 provides a sinple, reciraoheri1ane2s

ef fective 25arrangenent for determ ning the presence of a target agent in a
test sanple. WD 2011/123064PCT/ SG2011/ 290128 26 expl ained in nore det ai

bel ow, contains a nunber of reagent reservoirs, each of which contains a

reagent whplaied @agibse ddtdihbdlbe, doRsdinsSaumahiser o tdageniGesdrioifspedchef aggdy card 20
via an inlet port 180 in order to determ ne_the presence of the target

agent, asowRing agpagsnhwhigh seacistyah the terbsanple frdiodugrd iglg the assay ca@0ad&aRy card
20 inclu t Lol r o) I jon of
the char SR RO B iyl o REShEOHT EERERE R, AR ok e

t o be nmademore dotaikbelbw. det ermi ne the presence of the target agent.
DETECTORS In this exanple, the assay apparatus 10 conprises an

opti ca | sour C%’h‘el%ss 9%2&1%%001851'118&% ]ag)elgsge%%t'g'it ?&cti%% %H%E tooérﬁﬁfe Jé’e?@c%ioﬂf
sourcé and detector’ray be prOV|5% epen ent upon the characteristics of
t he part iof tHeabhafaeR€ibticdS thd@hctdhectiiiap ddthid the @aetion chbsiat db bghnde e der
optical properties of the fluid resulting fromthe reaction occurring
within t fedetempng 81 eessRtsedt tBaifrgsd ag&ter mi ned when the aperture 30 is
aligned with the optical source 40 and the optical detector 50. Typically,
t he conceiriatro® of the target agent 15can be determ ned fromthese
optical characteristics and an indication of the presence of the target
agent can be | this ebeathpde) thehassali splaeayusol®. comprises dovyical sourde 40i dnld abevptical

appreciated th her. characterl stics uld be asured to determ ne the
or b dfice deectsr Sl AHbP LEAET 5 Boro! R il SCiFCtel Be PUBHA R 4FPAREECPER oy be
provi ded cuhth&BriGRYBE B2 pattidularRiRlibAChatdré R¥erRd td6ccapsay card. The

el ectrochem cal detector 20 then neasures el ectrochem cal characteristics

of the fluid in the reaction chanber, the nmetallic strips convey any signa
to an anplifi éﬁscwwaéhepwtf%wt%%%ﬂsﬂa@t rEhyltng Frem (g TERERRN YU %Nd an
i ndi cat i QR theREROR SRIREr Rhn bO8etbAhiHES WRGEHE ap&RuE80 RS AWnde di@Nhé he _
di splay 60. ROLLERS I'n overview, the operation of the assay apparatus 10 is
as fol | owpticalkeuras 4Gyndthedpdeal detector 50. Typically, the concentration of the target agent

15  can be determined from these optical characteristics and an indication o_f‘the presence of the

target agent can be provided on the display 60.

However, it will be appreciated that other characteristics could be measured to
determine the presence of a target agent. For example, an electrochemical detector may be
provided which couples with metallic strips on the assay cérd. The electrochemical detector

20  then measures electrochemical characteristics of the fluid in the reaction chamber, the metallic
strips convey any signal to an amplifier which amplifies these characteristics, if required, and

an indication of the presence of the target agent can be provided on the display 60.

ROLLERS

In overview, the operation of the assay apparatus 10 is as follows. The assay card 20
25  having a test sample provided therein is introduced into the apparatus between a pair of
polymer-coated rollers 70. A switch 80 is activated which sends a signal to a roller controller
90 to drive the pair of rollers 70 using a motor within the roller controller 90 via the gear train

100.

The motor may be a stepper motor or may be provided with a position indicator to

30  enable the roller controller 90 to provide accurate control. The presence of the gear train 100



25having a test sanple provided therein is introduced into the apparatus
between a pair of polyner-coated rollers 70. A switch 80 is activated which
sends a swgnali/teea roller controller 90 to drive the pacr/sehornobéess 70
using a notor within the roller controller 90 via the gear train 100.

The notor may be a stepper notor or may2bhe provided with a position

i ndi cator to 30enable the roller controller 90 to provide accurate control.

The pr esenges edchtrbergeidtin thegpair 7000 cofde?fdialé ARBAOWRErASEDEst40ERd BBtwEén
causes each roller wi.thin the pair 70 to counter rotaﬁe aFd slow y draw t he
assay cafkf oHesdr therditction fefs wikh be geplaing@ iy megs detalbelqy thisiausss fieai ned i n

mor e det gl Aok Qffend Sy GAURRS: LATIEGERLURLARIO, LARe 688N SRl Onbe

conpressed sequenti a to cause reagents t into be released Into the
react i on rdbaet érto ghemabdtianebarsbgr sandtapeoushy aml/ores sefiésgure 17 il lustrates an
exanpl e doubl e roller arrangenent which nmay be used in place of the single

pair of rollep i t u
ol et 500 1 o 501 RONSLAREH AR, abibig HicHa s e M FEd SR AREE e P
val ve r olof éfe shidle palihef foliep 70ahdmeion&Diboapehahedoubde mbleparesgembet a panp Voi r S

and di splace the flujd ontai ped.therejn to cauyse themto nove thr hout
the mi or en1aio00 & RRRHAEPEIGS Pﬁéetag_@éveieéqr@én igance %?Wéﬁéﬁ%%@%e
val ve rol l&g%rrgl}% fg)@g)?)@fa?e% 1 Comple8Cihb Y&LK 0%8@hd Hi3F1alE Gk Ffuldd déhfh%&?f%ﬂ&@i’ns

ei t her tg permanently 1 n order to prevent mxing o uids and

t 0 assi sto tduse theactoiove theoughdut themiwsitvidisebannel ey he desanicards@Paw i n

Figures 18A .to D. can be,se in Fiqures 18A t 8D,. the. pu r Ilér
c00 4fTa TremipSsdaboys T egouF TR ety i ehordl fF il Ficht TR The
di r ect i oRjtReraBlporafllyt (¥cBuABRLIE in HrA¥EtoPrévedt Ridtind of B BSd tol Rsibtths exanpl e,
the valve roller 510 has a shorter length than the punp roller 500.

However , redstorasctill e desesibedhin mare detgibhalem in BigytasdR4 ©f18Phe two rollers can
be varied dependent on the |ayout of the assay card 20. Each roller may

even be for med\sQfan de RUHIRIFiQfre SERREALED R p@NS rdIRY 0@ aftPhE vhRe 6NV 0 areT he
punp roller 500 is dinmensioned and | ocated to di splace any reservoirs. The

20val ve odis¢tery predétermineredistanereid thndirdcemtietnds b the cxsnpletheve diffarenit wi t h
mcr ?g | uIlednlg S?Pnatrﬁpseelxample, the valve roller 510 has a shorter length than the pump roller 500.
However, the exact dimensions and relative locations of the two rollers can be varied

dependent on the layout of the assay card 20.

Eabh roller may even be forrﬁed of a number of separate rollers having gaps in
between. The pump roller 500 is dimensioned and located to displace any reservoirs. The
20  valveroller 510 is dimensioned and located to be able to interact with microfluidic channels
routed on the assay card 20 to enable those microfluidic channels to be selectively sealed. For
example, the valve roller 510 in this example will seal any microfluidic channels within the

region 540 whilst leaving any microfluidic channels outside of this region 540 unaffected.

Hence, as shown in Figure 18A, the rollers 500, 510 have a fixed distance between
25 them in the direction A. As the pump roller 500 compresses the reservoirb520, the valve roller
510 compresses the microfluidic channel 535 to prevent any flow of fluid along this
microfluidic channel 535 into the reservoir 530. Although the dimensioning of this Figure is
not exactly to scale, the layout of the microfluidic channel 535 is such that the valve roller 510
keeps the microfluidic channel 535 closed for the whole time that the pump roller 500

30  compresses the reservoir 520.



routed on the assay card 20 to enable those mcrofluidic channels to be
sel ectively seal ed. For exanple, the valve roller 510 in this exanple w |
seal any woeonfisiedi ¢ channels within the regi on 540 whipcstsGheawongs any

m crofluidic channel s outside of this region 540 unaffected. Hence, as
shown in Figure 18A, the rollers 500, 52® have a fixed distance between
25themin the direction A. As the punp roller 500 conpresses the reservoir
520, the val vaheebftel adsHdwadnpigss ¢8B t folowingrand Iretudied delmmcmellloxﬁaﬁvy feaction
prevent any flow of fluid along this mcrofluidi c chann 535 i nt&ét he

r eser voi 10 Brageedathermpnrofl ﬁreSQﬂ “f?ﬁh%?sé?ﬁ e reservoH; SORAbhpug tée AwhP &k 0PY t o
I
scal e, 5%ll afasX%UIn Eef EIHHES Lll(l)lﬂq dic ﬁﬁbﬁﬁg%%gﬁxose Ul‘l:e!? Stlb‘?stv\ﬂ&f‘ﬁm}i% ye

roll er keeps m cro |cc e tinme
t hat t he lquatipn toodebbtlhe ﬁﬂétoﬂﬁmlmmﬂraﬁsde.@S tahét}reesﬂsrofbndlc Bﬁzﬁmel 3805 is no longer

2011/ 23064PCT/ S reafter sho i.n Fi re 18B,
foll o i nge ?ﬂ,f\ﬂegﬁmgiﬁofg@y@l geera tﬁes\ﬁr% errs%?&‘f%ﬁ%% & QugroflpElie pynp

rol ler 5QQ,£RMPILHRAR hiFohagRHMe] SBDwilfbd fAKAR0 HRS UMD BaOARY (cdN | |
al so conpress and seal the mcrofluidic channel 52 the valve roller 510

i s al so mhewesarveir bAtati on to seal the microfluidic channel 525 and the

m crof | uidic channel 535 is no longer 5sealed. Accordingly, fluid will be
emtted fromt heshsse, H ¥Qhufe ﬁz%otﬁé &n,%r&hﬁmmfﬁoromhelr&bpvoﬁ@msﬁd S53PoPite the
m crofluidic c anne ‘be seal ed to prevent any backflow towards the

r eser voi puimpaoller 500 has com;slewki@wdu thervalvegotler i@@etatmeh@mmoﬁmélcmhamfelmﬂw t he
reseryoirs ..and. 530 he pu roll er 500 has conpl eted and the val ve
rol | ii‘ 5784 ?é?ﬁﬁﬁglrfﬁéecﬁ%@&l&qaﬁf’gﬁpc channel s 525 10and 535 in their closed
configurations. It will be appreciated that, if required, a self

seal i ng regi oiit wBlbenapprdeetqat thei, dedquireds hecliVsealing tegicnf480heay brpovoled of thehe

val ve roller. the |t|on i n, Figure 8C|n rder
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and to provide cgntrol signals to control the operation of the rollers.
For exan&%“b% B]?’S'Hﬁre phot odet ect or s nay be provi ded, each of whi ch
ure card 20

geneist es a S'(%:g when an Retrﬁ1 e ass é el |ts e he

di fferent photogeY SE¥Or gy "ve %WH)s%rﬁpf V% élr f&S8Y FRRYERY s § s such
as pausi igedad wilh fﬁd@kﬁgbnmﬁmmiﬁc@a 20 ik Bster@Ebs [t Behtith zﬁﬁl&@)ﬁr&&ddjc&l&ol o0 be
heat ed, vibrated or ected to other stinmulus. Placing apertures in the

assay camnzlet«aﬁora@éﬁlﬁp?ﬂe@&t@n|08§§trp6¢r§ will enable signals to be produced
by the photodetectors to enable the processing of the assay card 20 to be

paused for appoppkdndile kBB Hose Photbddi@tdrd nRNIRIRovilldd, efohdTRVch f@REdENS
within the assay card 20 to take place, or to be heated or
signal when an aperture in the assay card 20 is sensed. The different photodetectors may be
20 used to generate different signals such as pausmg for different amounts of time, causing the -
assay card 20 to be heated, vibrated or subjected to other stimulus. Placing apertures in the
assay card 20 at appropriate locations will enable signals to be produced by the photodetectors
to enable the processing of the assay card 20 to be paused for appropriate amounts of time to

enable, for example, reactions within the assay card 20 to take place, or to be heated or

25  vibrated at the appropriate time to facilitate a reaction.

Although photodetectors and apertures are described, it will be appreciated that any
appropriate indexing mechanism may be provided which provides for a mechanical, optical,
electrical, magnetic or other means of providing control signals from the assay card 20 based

on its relative location within the assay apparatus 10.



25vi brated at the appropriate tine to facilitate a reaction. Al t hough
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Upon detecting the presence of this flow preventer, the pair of rollers 70 may be prevented
from being actuated to prevent damage such as bursting of the reservoirs, chambers or

microfluidic channels.

In this example, the reagents are selected to cause a change in the optical properties of
20  the resultant composition in the reaction chamber, with the optical properties varying in
dependence on the concentration of target agent within the test sample. When the aperture 30
is aligned with the optical source 40 and the optical detector 50, the optical properties of the
composition can be detected and processed to provide an indication of the presence of the

target agent using the display 60.

25 ASSAY CARD

Figure 2 illustrates an assay card, generally 20°, according to one embodiment. The
assay card 20’ comprises a substrate 110 which isa laminate having an extruded thermoplastic
layer into which reagent reservoirs 120 to 160, microfluidic channels 185, a reaction chamber
170 and a waste chamber 190 are provided, collectively referred to as an assay arrangement,

30  asillustrated in more detail in Figure 3 below.



Figure 2 illustrates an assay card, generally 20", according to one

enbodi nent. The assay card 20' conprises a substrate 110 which is a
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reservoirs 120 to 160, microfluidic channels 185, a reaction chanber 170
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this exanple, the assay card 20' is intended to be drawn into the assay
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Accor di nSﬁ@@gwée%\régz)géh%trg&égﬁmh)eﬁh%\?egarcégll %lﬁa{ngpe ‘he reaction chanber 170 via
the associated mcrofluidic channels 185 as the reagent reservoirs are
conpr essed i nThe positien ofthi c¢ngpuimpsereits 19840 $6Qon theeassayraard 20rds defemmisedindi ng

any ckpressur.e.. . First. reagent erveoir 120 i.s conpresse
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120 is coHpetiongaarked by thegriow A. It words dag apsiy card @0 gmoygsiralatiye torthggent
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170 via the associated microfluidic channels 185 as the reagent reservoirs are compressed in

20  order which pumps and seals at the same time, withstanding any backpressure.

First, reagent reservoir 120 is compressed, followed by reagent reservoir 130, then |
reagent reservoir 140, then reagent reservoir 150 and finally reagent reservoir 160. If the assay
card 20’ is drawn into the assay apparatus at constant speed, then reagent reservoir 120 is
compressed at time t1, reagent reservoir 130 at time t2, reagent reservoir 140 at time t3,

25  reagent reservoir 150 at time t4, and reagent reservoir 160 at time t5. In that example, different
-time differences occur between the times at which each reaction reservoir is compressed.
These delivery times can be varied by locating the reservoirs at different positions on the card

in the direction A, based on the speed of the rollers.

Alternatively, and typically in practice, it will be appreciated that the delivery times
30 are varied by varying the speed of the rollers or even stopping the rollers for periods of time.

Such an arrangeinent provides for a much more compact assay card. Also, when stopping the
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this enbodt efture enables t e optical properties o

fluid w 'ftHIHt ﬂné@sbﬁaﬁe&aﬁgbﬁll’is chrainoed td e ﬂamreeaswr the .injEtiuavE ranother lsot her
enbodi ment, a nmetallic coupling may be provided to enable an el ectrical
connect i 6AMBEtSHeen an el ectrocheni cal detector provided in the reaction
chanber 170 and an anplifier of the assay apparatus to be nade. The
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channel 185 as shown in Figure 5A. As_also shown in Figure 5A a narrow
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i nl et e test sanp has ’been 1 ntroduce ternatl
furt her eyl t&rprmndert imeshablempremmoahccﬂmwtm hmyednemmﬂ@mcll&dntaj detgaweze t he

test sanple.int.o the reac TG% and etaln its position to seal
Lhe. i ni ePRBAE 8885 e FGUEROEL 02004y LGSt Suhe 55 aprarafS kPSR i ng
one assay arrangenent on one 25side of the substrate, it will be
appreci at ed t Mk itfergrt 180ns cowplabsitl tlar reangarchamberaly70bga a microfluidic channel
185 as shown in Figure 5A. As also shown in Figure 5A, a narrow gate 210 is formed in the
20 . microfluidic channel 185, which may be sealed using a heating technique to decouple the
reaction chamber 170 from the inlet port 180 once the test sample has been introduced.

Alternatively, a further roller or other compression device may be provided to squeeze the test

sample into the reaction chamber and then retain its position to seal the inlet port 180.

Although the assay cards 20; 20’ are shown as having one assay arrangement on one
25  side of the substrate, it will be appreciated that more than one assay arraﬁgement may be
| provided on each assay card and that these assay arrangements may be provided on more than
one side of the assay card. This would enable, for example, a singlé assay card to perform
multiple tests on the same test sample (assuming the inlet port was coupled with multiple
reaction chambers) or the same test to be performed on multiple test samples, or a
30  combination of both. Of course, it will be appreciated that the assay apparatus may need

additional optical sources and the optical detectors.



provi ded on each assay card and that these assay arrangenents nmay be
provi ded on nore than one side of the assay card. This would enable, for
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chanbers) or the sanme test to be perfor A2d on nul ti ple test sanples, or a
30conbi nati on of both. O course, it will be appreciated that the assay
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signal . For exanple ree etectors may provi ACtudti o one
phot odet eatthe potadaslocatnmif thet ghopaigtetora second causes a 15 mi nute pause
and a third causes a 30 m nute pause. Equal Iy, the photodetectors may

be used €0 CayRenGhIGE ACHAR O ARTHEVRLE B A srehPloeSXATRI g afighat on of

el ectrical contacts I on assay car Irradi ating the assay
card, 20etnerally omhdgonhiao alppaxecAad ecbvideafor adreatmantfrdiffersntghatodefectock)eadh afay
be progranmmmgbl e and.
P gg ich may provide a (? (ftterent control signal. For example, three photodetectors may be
prov1ded. Actuation of one photodetector causes a 5 minute pause, a second causes a 15

minute pause and a third causes a 30 minute pause.

Equally, the photodetectors may be used to cause other actions to occur such as, for
example, actuation of electrical contacts, vibration of the assay card, irradiating the assay card,
20  etc. It will be appreciated that the control signals produced may be programmable and selected
based on the particular type of the assay card inserted and may be selected either by the
operator or by automatic detection from an indicator on the assay card read by the assay

apparatus 10.

Figure 3 illustrates a section through the assay card 20; 20°. The assay card 20; 20’ is a
25  laminate comprising a substrate layer 200, to which is bonded a thermoplastic layer 215. The
thermoplastic layer 215 is formed from a suitable thermoplastic material which is
compressible, but not necessarily elastic such as, for example, polyvinyl chloride,
polypropylene, polyethylene, polyethylene terephthalate, poly(methyl methacrylate), and the
- like. The thermoplastic layer 215 is formed using vacuum-assisted hot embossing to form
30 parts of the reagent reservoirs 120 to 160, the reaction chamber 170, the microfluidic channels

185 and the wasfe chamber 190.



based on the particular type of the assay card inserted and nay be sel ected
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of the reservoir 400, to expand to substantially reverse the conpression.
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condui t, cshlession aF d¥ieéirapleihd irdseBdaMI0ImaALEE provided witherspbhglilef stiueture
reservoir 400 to facilitate | oading of the test sanple will now be
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as air, LLPRIY i?goupled- with the inlet port 420 via a conduit, such as a microfluidic channel

410.
Operation of the reservoir 400 to facilitate loading of the test sample will now be
explained. '
20 At (i), the reservoir 400 is compressed and any contents, such as air, are expelled

through the inlet port 420 via the microfluidic channel 410.

At (ii), a liquid such as, for example, a test sample 430 is brought into contact with the

inlet port 420.

At (iii) to (v), the reservoir 400 expands drawing the test sample 430 through the
25  channel 410 and filling the reservoir 400.

Figure 16 illustrates an example arrangement and operation of the inlet port 420 for
receiving the test sample 430 according to one embodiment. The inlet port 420 may be an
example of the inlet port 180 mentioned above. The inlet port 420 is coupled via the
microfluidic conduit 410 with the reservoir 400. A microfluidic conduit 435 couples the

30  microfluidic conduit 410 with, for example, the reaction chamber 170. A removable sealing



t hrough the inlet port 420 via the mcrofluidic channel 410. At (i),
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15  operation of a user prior to placing the assay card into the assay apparatus 10 or may occur by

activation of the rollers once received within the assay apparatus 10. -

CHANNEL SEALING

In order to provide additional control of the flow of fluids within the assay card 20 to
prevent, for example, pre-mixing or back-flow into previously-emptied areas, various
20  mechanisms are provided. These include providing self-sealable microfluidic conduits and
microfluidic conduits which are routed on the assay card to interact with the rollers to be

selectively sealed and unsealed at particular times during the processing of the assay card 20.

Figure 15 illustrates a sealable conduit. In this example, the sealable conduit may
comprise any of the microfluidic channels 185 formed on the assay card. An adhesive may be
25  provided on either of the opposing surfaces of the microfluidic channels 180. In this example,
an adhesive layer in the form of a double-sided adhesive tape (not shown) is provided on the
surface of the substrate layer 200, prior to the thermoplastic layer 215 being placed thereon.
When the microfluidic channel 180 is compressed, in this example by the movement of the

roller 70 (although it will be appreciated that the channel could be pinched between the fingers



20mechani sns are provided. These include providing self-seal able

m crofluidic conduits and mcrofluidic conduits which are routed on the
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Returning to Figure 4, once the test sanple 200 has been sealed into the

assay caPipvied separatebhwith Seapmphinglk20 i s pl aced into the assay apparatus 10
as shown in Figures 6 and 7A. The

Returning to Figure 4, once the test sample 200 has been sealed into the assay card 20,
then the assay card 20 is placed into the assay apparatus 10 as shown in Figures 6 and 7A. The
.20 reaction chamber 170 is preconfigured to contain an immobilized antibody, typically provided
on a substrate as will be described in more detail below. The assay card 20 is drawn through
the pair of rollers 70 in the direction A until, at step S20, the pair of rollers 70 compress the
reservoir 120 and the test sample 200 is washed by the reagent contained in the reservoir 120
being injected into the reaction chamber 170 to flush the test sample and any unbound target
25  agent, such as an antigen, as illustrated in Figure 7B. At this stage, the speéd of the pair of

-rollers 70 may reduce or movement stop completely to enable the washing to complete.

The assay card 20 continues to move relative to the rollers 70 until, at step S30, the
enzyme labelled antibody is injected from the reagent reservoir 130, as illustrated in Figure
7C. The enzyme labelled antibody binds to the antigen which is already adhered to the

30  immobilized antibody on the substrate creating a sandwich structure: antibody-antigen-



20reaction chanber 170 is preconfigured to contain an imobilized anti body,

typically provided on a substrate as will be described in nore detail
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a washing reagent is released from the reagent reservoir 160. Again, at this stage, the speed of

the pair of rollers 70 may reduce or movement stop completely to enable the reaction to

complete.

20 The assay card 20 continues to move relative to the pair of rollers 70 until, at step S70,
the window 30 aligns with the optical transmitter 40 and the optical detector 50 whereupon a
colour change in the reaction materials is detected to provide an indication of the
concentration of the presence of the target agent within the test sample, as illustrated in more

detail in Figure 8.

25 Figure 8 shows an example antibody immobilised spot in the aperture 30 which is
stained with, for example, silver. As the concentration of any target agent or antigen in the test
sample increases, the grey level becomes darker. The grey level can be detected by the optical
emitter 40 and detector 50. The emitter 40 may be a LED, the detector 50 may be a

photodiode or may be a sensitive black and white charge-coupled device (CCD) camera. This
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20  assay card moves relative to the pair of rollers 70, which is controlled by the controller 90.

EXAMPLE REACTIONS

Figures 10 and 11 illustrate desired example reactions to be performed by reagents

within the reaction chamber 170.

Figure 10 illustrates an antibody 300 immobilised on a sensor card 310 provided
25  within the aperture 30 of the reaction chamber 170. The target agent or antigen 330 is
contained in the test sample 205. The enzyme labelled antibody 320 is supplied from a reagent

reservoir.

As shown in Figure 11, embodiments may utilise a silver enhancement of gold in a
nano-particles technique. Typically, gold nano—particles are used as an antibody label because

30  ofthe gold nano-particle’s deep red colour and the ease of conjugation with the antibody



Figure 10 illustrates an anti body 300 i mobilised on a sensor card 310
provided 25within the aperture 30 of the reaction chanmber 170. The target
agent or wotogen3®@30 is contained in the test sanple 20pcTHRo20@MBYITS
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p- penyl engdihamygseand rdRtiiplageliyde are commonly used as reducing agents.
SENSCR DI SK As shown in Figure 12, an enbodi nent uses a separate

sensor di sk 250 nade of a piece of indiumtin-oxide (ITO film which is a
conduct i VENSARDI$Kansparent filmwidely used 10in the touch-screen industry.
The I TO fil m proyi des | | fine nd stable surface for i bqd
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shown in Figure 13, an enbodi ment uses (3-glycidoxypropyl)trinmethoxysilane

(GPTE®) 2 thegeuch-ssrassdndushik eFhend Onblan proyides vollggfinegandsiahlosyyfacgfeiup and
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(BSA) st egpTERN2I i & érbss 1aiket Badien the ITO surface hydroxyl group and the antibody’s
15  amine group. The ITO film of the sensor disk 250 is cleaned and treated with acid to activate
the surface hydroxy! group. Then, the cross linking agent is appl-ied on the activated ITO
surface by dipping the ITO film in 1% solution of GPTES for overnight at room temperature.
The antibody 213 solution is dropped onto the surface and incubated for overnight at 4°C.
Additional rinsing and blocking with bovine serum albumin (BSA) steps finalize the antibody

20 deposition.

It will be appreciated that the sensor disk 250 may be provided with a layer of
biochemical agent such as an enzyme or an antibody that reacts specifically to certain

molecules to be detected in the test sample.

EXAMPLE OPERATION — SILVER ENHANCEMENT — ARRANGEMENT 1

25 Figure 20A illustrates schematically the layout of an example assay card 20A and
illustrates the operation of the assay apparatus 10 When processing such an assay card 20A.
The assay card 20A comprises the inlet arrangement mentioned in Figure 16 above. An
overview of the assay components is provided in Figlire 20B, the timing parameters are shown

in Figure 20C and the assembly process is described in Figure 20D.



20deposi ti on. It wll be appreciated that the sensor disk 250 nmay be
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15  Attime TS, the clip 440 is removed.

At time T6, the reservoir 400 is compressed and its contents flow through the
microfluidic channel 435 towards the detection zone of the reaction chamber. The sample
flows through a dried indicator antibody I, a printed capture antibody T and a printed control

antibody C prior to arriving at the detection zone of the reaction chamber.
20 At time T7, processing pauses to allow a reaction to take place.

At time T8, the assay apparatus 10 detects the absence of the clip 440 and the reservoir
R2 is compressed by the pump roller 500, the valve roller 510 is located at position p1. The
micfoﬂuidic channel coupling with reservoir R1 is sealed by the valve roller 510. The
~microfluidic channel coupling with reservoir R2 is not sealed by the valve roller 510. This
25  causes the contents of the reservoir R2 to flow towards the detection zone of the reaction

chamber.
At time T9, the rollers 500, 510 continue to advance.

At time T10, the pump roller 500 compresses the reservoir R1, the valve roller 510 is

located at position p2. The valve roller 510 seals the microfluidic channel coupled with the



20At time T7, processing pauses to allow a reaction to take place. At
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is sealed by the valve roller 510. The #dcrofl uidic channel coupling with
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15 build up preferentially over a 10 to 15 minute period on the surface of the gold particles which
are conjugated (for example, attached) to antibodies bound to the target analyte. Typically,
this results in the arripliﬁcation of the gold by 10 to 100 fold which has the effect of reducing
the assay’s limit of detection (LOD). Typically, this is performed as a manual intervention
where the enhancer and initiator solutions are mixed by a technician who then washes the
20  sample to remove any salts before pipeting the silver solution onto the sample. However,

Figure 21 illustrates a schematic arrangement and operation of any assay card 20B operable

with the assay apparatus 10 to automatically perform such an operation.

The assay card 20B comprises the inlet arrangement mentioned in Figure 16 above.
‘Coupled between the inlet port 420 and the detection zone of the reaction chamber (not
25  shown, but located between the printed control antibody C and the absorbent pad AP) are a
number of antibody providers, I, T, C. Two reagents contained within separate reservoirs R1
and R2 are also provided which are activated by a double roller arrangement 500, 510
mentioned in Figure 18 above. Again, this is a schematic representation showing the general
layout and is not to scale; however, the detailed layout of the assay card 20B will readily be

30  apparent to the skilled person.
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port 420 and the detection zone of the reaction chanber (not 25shown, but

| ocat ed bet weext tineT prihdteselvem 00 & deprdskdiamy the Blodd bherisdsatpbentapphel 4P)
are a nunber of antibody providers, I, T, C. Two reagents contained within
separatet@%@kﬁpéﬁﬂgaRl and R2 are al so provided which are activated by a
doubl e roller arrangenent 500, 510 nentioned in Figure 18 above. Again,

this is a scheymin<T? R RSENHRAUDO N Shavdnad tesagielsaral @il theaRshyi cardiot to
scal e; however, the detailed | ayout of the assay card 20B will readily be

30apparedPBt o the skilled person. WD 2011/ 123064PCT/ SG2011/ 000128 41
At time T 1, the reservoir 400 is depressed and the blood cir urine sanple

is applied to Athgnd 1 he PRitoA200 ifintHcdBo §cal tHahiRs &f yl@ivém%%ﬂies rel eased
and the sanple is drawn into the assay card 20B. 5At tinme T3, the inlet

port 420 bagkflsimetexdt from dhessayhearé B@Bnel to prevent sanpl e backfl ow or exit
fromthe assay card 20B. At time T4, the clip 440 is then renpbved to

al l ow entry ofastig oM @131 %(Pisttﬁk% r&%@céd BRI RANRE Tof (Y satplEintPthe k&M on

reservoir 400 is depresse i ch pushes the sanplé through a dried 10gol d
conj ugat ehgmbrcat or anti body |, re-suspending it and sinultaneously
all owi ng the binding of the antibody with the analyte/silver. The liquid

passes throughytfnd T@, tRE 1845 6ir 480 T cPraBld Wl gas@a%%}ng&sthnﬁgﬁ lNgielinr ough
the positive control antibody C and into the detection zone of "the reaction
chant@r . ghhlcomjpresndiohtomentbadyg &setshsppuding tittand senvitemt eusl e slowiog theanoding
held in to? ﬁleaa%%lg{)gye&}th %?edanégfte/ silver. The liquid passes through to the printed capture

antibody T as well as passing through the positive control antibody C and into the detection

zone of the reaction chamber. Any excess volume passes through to the waste reservoir and is

held in the absorbent pad AP.

15 At time T6, the assay card 20B is then placed into the assay apparatus 10 and then the

programme initiated.

At T7, after a 10 minute pause, the pump roller 500 bursts the balloon within the
reservoir R3 releasing the distilled water into the system, whilst the valve roller 510 is in
position p1, blocking the channel coupling with reservoirs R1 and R2 to prevent any

20  backflow, whilst allowing flow through the conduit coupled with reservoir R3.

At time T8, the pump roller 500 bursts the balloons within reservoirs R1 and R2
releasing silver nitrate signal enhancement chemicals into the system whilst the valve roller
510 is in position p2, sealing the microfluidic conduit to the reservoir R3 to prevent any

-backflow, whilst allowing flow through the conduit coupled with reservoirs R1 and R2.

25 At time T9, the valve roller 510 moves forward to position p3 to block all channels

while the signal develops over 10 minutes.

At time T10, the signal is read from both the positive control signal provided by the
printed control antibody and the test signal from the reaction chamber and a result is

displayed.



15At tinme T6, the assay card 20B is then placed into the assay apparatus 10
and then the programme initiated. At T7, after a 10 m nute pause, the
punp rol Iwo 200012B0sast s the ball oon within the reservoir pB3/scebaaseing t he

distilled water into the system whilst the valve roller 510 is in position
pl, bl ocking the channel coupling with A2servoirs Rl and R2 to prevent any
20backfl ow, whilst allowing flow through the conduit coupled with reservoir

R3. ExAMALEr@PERB T1OR S HEAVY MelrheDed80rionr st s t he bal | oons within
reservoirs RL and R2 releasing silver nitrate signal enhancenent chem cals
into the syst@lilgmrhmAtillmsluatesathemaniodﬂl}emeﬂiﬂy(auicsf anrexpmpletdsery qagd 2@@ahd ng t he

mcrofIU|‘1cli|c co Ult totft] reservoir F(jt revent. any. backfl ow, il st
o g st et On e Dt et aPpBaB 8 hepryGaing Biehan ey 141l C b o
time T9, T%@%séé?'c&l‘%i 200! écﬁﬁpr@@@tHé‘QM@ﬁarféﬁrg%Eﬂ’t rhéhtieasd fn quu@asta@obé ock all
channel s whil e the signal devel ops over 10 m nutes. At tinme 110, the

signal is read fromboth the positive control signa t he
printed contretd %{?ﬁqoec?ivtraaﬂlﬁtlhew@é% the rF?C(SIHPFh%mi;%a lugfl@r?%n%{m@r and

a resul t ghsedisplayestess W&%%eﬁ%%ﬁ@ﬁf gf%%@ 92 Fe A dELIME Sibbstrate
OPERATI ON - HEAVY TAL DETE Figure 22A illustrates

schenmat i cadH as atll’]‘éCIcaybuhlcbtarahe mcdr«tp he aggRRneotofthnRG@makdictdctios eleatrede Phe
operation, of the ass ppar.atus 10 when. n ch an, assay, card 20C.
The assoy aenE R SR s RS ai RGBS PERA o 5 o 16
above. SAcERKQLEY £8o I EFNIePERarRemSniB00Y b ﬂ?ﬂlemddaunn FhRrd F&dveNA ENANRRY -

Fi gure 22B shows the fabrication process for the screen printing of nmercury
and 301 véya edhematio trpscsonfaionssiigaingithe general laxous apl/@ nod faisople b%W@\éﬂli, the used

as an ar g@&ﬂ?{:ﬁg&u%f R s@&‘ﬂg% 50&%11?%@3 R aﬁﬁ&ré&% tlf%sskm‘& gent s

cont ai ne deparat 8 r 6Servoi r's 0 pr ed whi ch are
activated by a doubl e roller arrangenent 500, 510 nenti oned |n Fi gure 18
above. Again, Ashvidl @oh@t@nséhémtamer@py eb@dt@tqcbw slhetvdegs fvmed dorersglin

| ayout and i s,.not asspy. card

h
20n wi 11 opaiF gk he3iah S PSR RlvelFpl§ i Sl BrlitheReddFioiha

. heavy metal in water, blood or other samples. With a mercury working electrode, silver
15  reference electrode and simple electronic amplifier, many heavy metals can be detected in this
way. However, such an approach is typically tedious since mércury film creation is required
contemporanéously for every analysis because the mercury is easily oxidized. However, this
approach enables a fresh mercury film to be created automatically prior to processing the test
sample. As just discussed, to make a sensitive electrode, a fresh mercury film must be created

20 just before analysis.

Accordingly, as will be discussed in more detail below, and described in Figures 22C
and 22D (from Analytical electrochemistry, Joseph Wang, Wiley-VCH, 3" ed, 2006), a
reagent containing mercury ions is moved to the electrode and a reduction potential is applied
on the electrode. Then, the mercury ions are reduced on the electrode creating a fresh mercury
25  film. The sample is injected to the electrode while applying an accumulation potential.
“Positive ions, such as lead, are attracted to the electrode by the applied potential and
accumulates on the mercury film. The potential is the reversed. Then the lead atoms are
stripped from the electrode leaving electrons. The electrons cause a current that can be

detected by an amplifier.

30 At time T-4 to time TO, the mercury film is created. In this example, the assay
apparatus 10 detects the presence of the clip 440 and the reservoir R2 is compressed by the



As will be nmentioned below, a nercury plated detection electrode is forned
for use in an anodic stripping analysis. Anodic stripping analysis is a
very senswoizot/meichod to anal yze heavy netal in water, BCO®GG20K1/0001R&r
sanples. Wth a nercury working el ectrode, silver 15 reference el ectrode
and sinple electronic anplifier, many hé3vy netals can be detected in this
way. However, such an approach is typically tedious since nercury film

cr eat i on pumprreter 508dthe ontve mpldar 36 aulekated atrpositenyp lahibt ysireflindcahsend he

mercury is easily oxidized.. However, this r enabl es..a fresh nercury
F ity bRm ey DT atr Bfath s SPGBt oreales R L0sl R e RUEE ML 0. As
just di SeHSSIRE, wikiPrddBK6ir R2SIEASH b8 b§ HRCTAIRIRIIeAS 0. FRIY RIS Widcdntdn® sRUSt  be
created 20just before analysis. Accordingly, as will be discussed in nore

det ai | béhenssersgid Rdds dloiewarids the daigction 20@® eirtble BACK¢f ehamban Alhys feagdnt
| ect hem st J {ley-VCH.. 3rd ed, 2006 .
cont & ni G EP GG e Perondinedht SEeHD Blndet sBete SRR ber Belb R s s o

is appliegn®n the electrode. Then, the mercury ions are reduced on the
el ectrode creating a fresh nercury 25film The sanple is injected to the

Fead, are att AEBEo MABTr S rIEOB AR et porential and o

accurul ates on the nercury film The potential is the reversed. Then the
| ead at ons ar étsinid Pyethefpuarp oler ¥lleohrpocksed thavdsayoel RG threovadve rolier El0ast r ons

cause a c¢urrent that c be det ect by an anplifier. 30At ti T-4 to tine
o Tha iy proinan pa e gabeaorrs 1o et e drasti i chateles alog avith e 10
detegds tERrRIERERGRIRE nbth@alGhé MiddAuidncthahe:] cESRMEALith Rderlsir RANMPTr essed by
the WD 2011/ 123064PCT/ SG2011/ 000128 43 punp rol | er 500, the vaive roller

510 is | ocated at sition pl. . The m c¢rofl uidic channel coupling wth
Ceservoir R 14 Wbl dcisjectRplayag peichAl i fpriie o bend ¢ BIEGRTL 0 OEHAR nel
coupl i ng guictfiod &88fo4ei r R2 is not sealed by the valve roller 510. This
causes the contents of the reservoir R2 to flow towards the detection zone
of the reaction chanber. This reagent 5contains nercury ions for formng

the mercury fiAtignl¢Hee sRppEdts Bhodicdeinpgtae meansrn eeeey cgid Pordd aat tine
T-3, the ([ ahl i€5enetA0d todRisC AMhEPHBERind 4y PARE:

15 At time T1 to T4, the sample is loaded into the assay card 20C.

At time T1, the reservoir 400 is depressed with the clip 440 in place to seal the channel
435. Accordingly, any air is then expelled through the inlet port 420. A sample is offered to
the inlet 420 and at time T2 the reservoir 400 is released théreby drawing the sample into the

reservoir 400.
20 At time T3, the micrbﬂuidic conduit 410 is sealed.

At time T4, processing is paused to enable any reagent within the reservoir 400 (such

as an anti-coagulant) to react with the sample.
At time TS5, the clip 440 is removed.

At time T6, the reservoir 400 is compressed and its contents flow through the

25  microfluidic channel 435 towards the detection zone of the reaction chamber.

At time T7, processing pauses to allow a reaction to take place.



At time T-2, the punp roller 500 conpresses the reservoir Rl, the valve
roller 510 is located at position p2. The valve roller 510 seals the
m cr of | uiwbeocihhaswe!l coupled with the 10reservoir R2 burcdselonmvoizeal the
m crof | ui dic channel coupling with reservoir Rl . At time T-1 an
el ectroplating potential is applied to #nd the nercury ions onto the
det ection el ectrode. At time TO, the apparatus 10 detects indexing
means on the aﬁmye T8I aZ&ﬁnﬂBﬁbrﬁpc&érgﬁais dpligRaRY lsiVe insc auchers flead] frer
pr ocessi ng pause. 15At tine Ti. to T4, the sanple is |oaded into the
assay ca@ rapty o the electiage by the applieq n@em@éév%wmé%e P& theaperewydtdmni t h t he
clip 440 in place to seal the channel 435. Accordingly, any air is then
expel I ed thr opghintde9 tol EtheP@ile A 51B BavaRIfRn foRfidrePEshd Bie thftehtdbeR 1420
and at time T2 the reservoir 400 is rel eased thereby drawing the sanple
i nto t he theaagaevediorthadgectipg zpng phthie Tctipmehamber Bffl"tﬁséiné Elenrbye rollepisingw
seal e t thin
The rose/bBrTiqhs pEES bu B ROERTL ARl e PRIDR b Sy ERRPUEpER RERIR !
time T5, Rohe clip 440 is renoved. At time T6, the reservoir 400
is conpressed and its contents flow through the 25m crofl uidic channel 435
towards the d%&l\?ctiggbczonesog tahe reaction chanber. At tinme 17, processing
pauses to al | OW'AF edePfOFYH RAKRE pl ace. WD 2011/ 123064PCT/ SG2011/ 000128
44 At time 18, an accunul ation potential is applied and positive
i ons, such as Atdimt, ThBY andal t4 asttipping potehgalg$ amlhddﬂlibye\flene pafspiidledugssttent i al
and accurrulaeo t he. rreT9to 11, the valve
rol | er 51??%?55%%&9%%‘??59 %H‘eﬁ%n}:{ﬂge eﬁ\émgglﬁf of Rl then nove to the
detection zone of the reaction chanber for \NaShI ng. The valve roller is now
in pdBition PSIhamtbctram @ast @durbot thatrcar lof dakotidebycdreamglifeer ebupk iTig ted t h t he
reservoirs N ime 112 rocess At time 113 and
114 a st Pf‘b‘g&%@’ ‘;5‘8’["8“?‘? %q&‘?@mﬁ qu@gavyrrﬂf’té I?rg@%lﬁnet BSYBAE al causes the
| ead atons to be stripped fromthe el ectrode | eaving el ectrons.

EXAMPLE OPERATION - ONE STEP BLOOD TEST PLATFORM

Figure 23 illustrates schematically the layout of an example assay card 20D. The assay
card 20D comprises the inlet arrangement mentioned in Figure 16 above. Again, this is a
15  schematic representatioh showing the general layout and is not to scale; however, the detailed

layout of the assay card 20D will readily be appérent to the skilled person

Coupled between the inlet port 420 and the detection zone D of the reaction chamber is
a filter F. Again, this is a schematic representation showing the general layout and is not to
scale; however, the detailed laydut of the aésay card 20D will readily be apparent to the skilled
20  person.

_ The reservoir 400 is depressed with the clip 440 in place to seal the channel 435.
Accordingly, any air is then expelled through the inlet port 420. A sample is offered to the

inlet 420 and the reservoir 400 is released thereby drawing the sample into the reservoir 400.
The microfluidic conduit 410 is sealed. -

25 Processing is paused to enable any reagent within the reservoir 400 (such as a blood

pre-treatment reagent) to react with the sample.

‘The clip 440 is removed.



10The el ectrons cause a current that can be detected by an anplifier at
time 115 to provide an indication of the anmount of heavy netal present in
t he sanplwo 26iAlYBIske OPERATI ON - ONE STEP BLOOD TEST PLAPECREhéi1guses 23
illustrates schematically the |ayout of an exanple assay card 20D. The
assay card 20D conprises the inlet arradfenent nentioned in Figure 16
above. Again, this is a 15schematic representation show ng the general

| ayout and is "Iﬂl@trestef)vcﬁlf‘/ajOas chaprysd,ant e cotttsts |ﬂ©d/ thﬁ))ﬂghthd)ﬁlcfrdithnalss ay card
20D wi | | read|I parent to the_skilled pers Coupl ed betmeen
the inl etC el 4 “@FFE‘ the detgetionong P %fdh%r%cteﬁn ‘tlﬁélb% dbe |S%‘HP]€ Hiomsdhrough o

fi1ter Fudrlinic: B frdviied ARNRIRLLR £ RO SPANLAIAAN ARANLNAnY DEccgener o

| ayout an to sca owever etal ayout of the assay card
20D wi | | retemdd bwithethappsorbet pad APhe skllled 20per son. The reservoir
400 is depressed with the clip 440 in place to seal the channel 435.

Accor ingly, d%{ec 16?2(5{%85] ﬁtﬁaf#aﬁgnéﬂo%%igghé Pl port 420. A sanple

is offered to e |n € reservolr I's rel eased t hereby
drawi ng t he sanple into the reservoir 400. The mcrofluidic conduit 410 is
seal ed. WPWTl@NpﬁméﬂWleLéW@%ny reagent within the reservoir
400 (such as a_bl ood ﬁre treatnment reagent) to react wwth the_sa The

clip 440 is reﬁ*@%ﬁéa‘“ uamatee sehenpy o phy lasepaf ansgampls asspy e %‘é‘%glp#\?@ﬁfiamoo
is conpre ﬁﬁ%E%Hiinﬂrfsés &9@51@0&@%&@%&&&%9@3 fnf}q%ﬁ?e%%bw di ¢ channel 435

towards t etection zone D e reaction chanber. The sanple flows
through Coupled between the inlet port 420 and the detection zone D of the reaction chamber is
10  afilter F. Two reagents contained within separate reservoirs R1 and R2 are also provided
which are activated by a double roller arrangement 500, 510 mentioned in Figure 18 above.
Again, this is a schematic representation showing the general layout and is not to scale;
however, the detailed layout of the assay card 20E will readily be apparent to the skilled

person.

15 | The reservoir 400 is depressed with thé clip 440 in place to seal the channel 435.
Accordingly, any air is then expelled through the inlet port 420. A sample is offered to the

inlet 420 and the reservoir 400 is released thereby drawing the sample into the reservoir 400.
The microfluidic conduit 410 is sealed.

Processing is paused to enable any reagent within the reservoir 400 (such as a blood

20  pre-treatment reagent) to react with the sample.
The clip 440 is removed.

The reservoir 400 is compressed and its contents flow through the microfluidic
channel 435 towards the detection zone D of the reaction chamber. The sample flows through
the filter prior to arriving at the detection zone D of the reaction chamber. Any excess is

25  retained within the absorbent pad AP.

The reservoir R1 is compressed by the pump roller 500. The microfluidic channel
coupling with reservoir R2 is sealed by the valve roller 510. The microfluidic channel
coupling with reservoir R1 is not sealed by the valve roller 510. This causes the contents of

the reservoir R2 to flow towards the detection zone D of the reaction chamber.



the filter prior to arriving at the detection zone D of the reaction
chanber. Any excess is retained within the absorbent pad AP. The

det ecti onwpeoa/23063 t hen exam ned to determ ne the resulptr/SEXdYebd2s
OPERATI ON - SEQUENTI AL | NJECTI ON Figure 24 illustrates schematically
the |l ayout of an exanple assay card 20E46The assay card 20E conprises the
inlet arrangenent nentioned in Figure 16 above. Coupl ed between the inlet

port 420 and tihe rgdres00,0n0z0nende tohdidnee.r eacti on chanber is 10a filter F
Two reagents contained within separate reservoirs Rl and R2 are al so

rovi ded which,are act| d by a double roll rrangenen 00 10
Penti oned 1 n_ AHgeRaTTB IS tRyde s BF pbetPu . 1B RRE FURR S b7 s Bac i on
showi ng tofierdRINEE dhanhaly@ubledRéth the RAbrvbR RICHUtQoedeNaY¥A lthe oM@t dheghel
| ayout of the assay card 20E will readily be apparent to the skilled

person. FSUplingrwlerasenveir RO The consprrie 95BA teintmixtwigh bieitgst sauple in Prdetsction seal
the c anggks6%3%P$ﬁﬁahgyﬁgh%g:any air is then expelled through the inlet
Sanmple 1S 0

port 2420. ered’'to the inlet 420 and the reservoir 400 is
rel eased thereby drawing the sanple into the reservoir 400. The

m crof | ui di ¢ dorasuitis dei@tddsbysieading the detection zonedp o tsgtaviion shambsred t o
enabl e any reagent within the reservoir 400 (such as a bl ood

20pr e- 1 1 §aL{TPAllE HFASETON - PBLYRRRAsHCHAIN REASAGR! PCRINGAKCONA-AR (I50E POV ed.
The reservoir 400 is conpressed and its contents flow through the

m cr of | uildilcIst¥@aROeLER BRISTERNYEEEN ITORABASCHNTAIEIAWERY DO af COURLEDINEXICEN
chanber. The sanple flows through the filter prior to arriving at the
det ecti on zond&ipirefs illstipeaseheniatiesitbe fayopirgft aexamplejassayaed Hdavani t hi n

t h P, ... ' VOi ' . .
o1 a0 S0 ePhis Bt yihingsephidfe SSSTROKEN anlTh drZa R TRATRIOMION o5 EG PUER,
by the valywaldubld relerfatingdment maatiohddlindiigure N8rbBeYe. A@uipl thigiswischemaer voi r

Rl is not sealed by the valve roller 51Q0. This causes the contents of the
reser voi FeRgsepRition éb\?‘t"é?ﬁél%&eﬂ?ﬁglad@? iIHRCLAS ﬁ@(i%lf’ﬁwet’?fe&&eéiﬁ@flle‘éﬁﬁy(?l%fa‘?fber .
WO 2011/ %@@&@&P Catd W%lyr&gﬁ} 8 apparent to the skilled person.

PCR is used to amplify a specific region of a Deoxyribonucleic acid (DNA) strand.
15  Typically, PCR methods amplify DNA fragments of up to approximately 10 kilo base pairs
(kb). PCR typically requires the following reagents: ’

* DNA template that contains the DNA region (targét) to be amplified

* Two primers that are complementary to the 3' (three prime) ends of each of the

sense and anti-sense strand of the DNA target
20 * DNA polymerase with a temperature optimum at around 70 °C.

*  Deoxynucleotide triphosphates (ANTPs) from which the DNA polymerases

synthesizes a new DNA strand

*  Buffer solution, providing a suitable chemical environment for optimum activity

and stability of the DNA polymerase
25 * Divalent and monovalent cations, i.e. mag'nesium, generally Mg®" and potassium

The PCR is performed in a vessel that can be thermally cycled, heating and cooling the

reaction from 20-40 times. Usually there are 3 main temperature steps:



46 The rollers 500, 510 continue to advance. The punp roller 500
conpresses the reservoir R2. The valve roller 510 seals the mcrofluidic
channel owopbadizsésth the reservoir Rl but does not seal pchscavaroodzsi di c
channel coupling with reservoir R2. The contents of R2 then mx with the
test sanple in the detection 5 zone D off7t he reaction chanber. A result is
detected by reading the detection zone D of the reaction chanber. EXAMPLE

OPERATI ON- POl YNBRABER G0 ThiSREEETS taBfifSPeduldr A1 (AN e fiting cOhiXiy ofHdatin® NG
ROLLER BLI STER SYSTEM FOR REAGENT DELI VERY TO A COUPLED DEVI CE Fi gure 25

i1 lustrates scheifagioedpif-2theC farpQudl sconds. Excaniss ONA sgjtingeidho BINA Two
10reagents cont a‘ée&?@%&"ﬁh@?ﬁn@%ﬁ?%%}’l%lé ESEHY @ R ténPaE 4B RnfHeRRyer ovi ded
y a double roller

whi ch are activate arrangenent” nentioned 1 n Figure 18
above. Again, this is a schematic representati on showi ng the general | ayout
and i s not to *scétrealingwiheaeactionseraearaturedd lovagredito Br-6p ﬁ& fars2nyt0sggandOF
will geadily be en Ll RS

anpl i ﬁy a speci falﬁgoo“fq{e’ ?%nr?tag?é gtetﬂggblfrel%gtgﬁﬁ%ﬁg@ (e:'sg?:llnd(f d%@gklﬁgﬂiﬁﬁ fél%]

Typi cal Iy, PCR ngthatsliagmnpeyatiiNAs isagoendepras Qepsitsheippti@xhetdagl y 10 kil o
base pairs (kb). PCR typically requires the follow ng reagents: DNA

tenpl ate that cot§fpersare hEmpriathe pgmses wedr thsiolyaerpgs H%ﬂtpftheeﬁf‘m% priners

that are conpl G%E@%ygi&ﬁ%ﬁd%gmgwg%yﬁ%ﬁ) ends of each of the sense

and anti-sense st target” 20 DNA polynmerase with a
tenperature optinmumat around 70 C. Deoxynucl eotide triphosphates (dNTPs)
from whi ch the DiEepinny e 384 pelymantssisyigesizas @epNANSy stiapd complementary to

sol utpon, providj : i I ) i j | Wi
and 40abi 111y o MERRA A ke #1PY BAPER cobBlertRldr Wi RrakeY
i .e. magnesi um mener 3Hldirgcthdy? cormiedsipg ttesi-phosphate grouphe tRCORNTBs péthftioe 3red i n

a vessel that can pe thermally cycled, heatin nd ing t reaction
from 20-40 ti nes.y<€w§|gr<;»pﬁﬁ8¥eeen§r0é the nageent @?Feg}n&t)wg&r%& Hﬁe fpension
2011/ 123064PCT/ S@%@@l%e@ﬁ?ﬂyﬁ&aﬁly on the length of the DNA fragment intended to be

amplified (~ 1000 bp per minute).

15 A final single step is performed after the last cycle is completed by holding the
reaction at 70-74 °C for 10 minutes ensuring that any remaining single-stranded DNA 1is fully

extended. The reaction can then be cooled to 4°C for an indefinite time storage of the reaction.

The presence of DNA can be detected through the use of nucleic acid stains such as
Ethidium Bromide or monomeric cyanine dyes through ultra-violet (UV) illumination or
20  through the use of a fluorescent stain such as SYBR Green (trade mark) which will give

greater sensitivity and potentially require less thermocycling saving time.

In this example, the assay card 20F can be coupled with another device (not shown)
and used as a reagent delivery system for PCR. Dispensed reagents will flow through an

aperture into the separate device which will be thermocycled.

25 | The assay card 20F includes a sample application well S into which the test sample is
dispensed; a sponge blister SB used to draw the sample into the card by pressing and releasing
(press when adding sample, release to draw sample into card in a similar manner to that
described with reference to Figure 16 above); a pinch valve (not shown, but arranged in the
manner of the sealing inlet port as indicated above) to close the sample well port; a card

30  integrity pin P for removal to open up exit microfluidic path; a blister or reservoir A which



47 Denaturation: This step is the first regular cycling event and consists
of heating the reaction to 94-98 C for 20-30 seconds. It causes DNA nelting
of the DNfotempi2adee. The priners are unable to bind to thescemloasiesat this
tenperature. Annealing: The reaction tenperature is |lowered to 50-65 C for
20-40 seconds allowi ng annealing of the4priners to the single-stranded DNA
tenplate. Typically the annealing tenperature is about 3-5 degrees Cel sius
bel ow t heopmirsi10gultcFRRtiah bufer( M) afd pliMersRit M & poBttrasthéndaoblysie@mse

binds to the pri msr-tenEI ate hybrid and begi ns DNA synthesis. Extension:
The DNA pdligheanigies 2w ohisinzelsicacibsiaipnaich ap BHudigenioardneay YBRErawm: he DNA

tenpl ate i d ¥\ | late in
5 To 3 Pl oY ne aElc R ToR bedl T R E TELE s [ FHEETE W th the
3' - hydr expttsegtativp skdwinhp eheertieral laybet andsceatito entd; diodieng) thBlatasitd taydut ofhe
extension tinme depends primarily on the length of the DNA fragnent intended
to be’anph§ ?SF@’dCB(‘E)SQ]g%ﬁEFﬁ léi?e APRATEY O thf’:"?gﬁliegﬁﬁliso’%i ngle step is perforned
after the last cycle is conpleted by holding the reaction at 70-74 C for 10

m nut es ensur ifAgpéraadn, aysafleblistdr S SisHigh@sset had decabifs doitdinih PNt ended.
The reaction can then be cooled to 4C for an indefinite time storage of the
react i on.templateds arplicd do Hre aspaX @h?We det ected through the use of nucl eic

acid stains such as EthidiumBrom de or nononeric cyani ne dyes through

ul tra-viol et (Tlﬁv)saﬁl%leLHIﬁis@ﬁSB%lrdI’éasé’d)aﬂdlh@Bzﬁhpl'é lxedreea i tike dkatoce8 06Nt st ain
such as SYBR Green (trade nmark) which will give greater sensitivity and

potentially require l.ess therdmcycli saving tine. In this exanple, the
assay card ZO%QWHB_n%&?BPgﬁp{%h&ﬂglPﬁe devi ce (not shown) and used as a
reagent delivery systemfor PCR D spensed reagents will flow through an

aper tl0r e i nt o ThegirsBpareatosedlevi ce which will be thernocycl ed. 25The assay
card 20F includes a sanple application well S into which the test sanple is

di spensed; a %ﬁ’@@% Ry {e?"SB%E‘\c}#ﬁ@éée& gndjﬁq@‘%&m @fﬁ)@\?m+n% th@fegctﬁ(%lech%ﬂfbgr by
pressing and re easPng pr ess en addi ng sanple, release to draw sanpl e
i nto car dnétrshews).m | ar manner to that described with reference to Figure 16

above); a pinch valve (not shown, but arranged in the manner of the sealing

ntet port as jyadlGOUAH AN Blick Pkl ARGLYGRAIR Soue! | pOrt: a card

30integrity pi remova uf) m cr of | ui di c path; a blister

or reservoir A which . :
The blister B channel is depressed and the blister A is crushed which causes a reagent

15  flow to the exit.

Once the thermocycled reaction is complete, the assay card 20F is returned to the assay

apparatus 10.

The blister B channel is released, the blister A channel is depressed and blister B

reagents flow to exit.

20  EXAMPLE OPERATION - CREATININE LOC TESTING DEVICE

Figure 26 illustrates schematically the layout of an example assay card 20G. Four
_reagents contained within separate reservoirs A to D are also provided which are activated by
a double roller arrangement mentioned in Figure 18 above. The assay card 20G comprises the
inlet arrangement mentioned in Figure 16 above. Again, this is a schematic representation
25  showing the general layout and is not to scale; however, the detailed layout of the assay card

20G will readily be apparent to the skilled person.

Creatinine is a waste product formed in muscle from a high-energy storage compound,

creatine phosphate. Creatine phosphate can be stored in muscle at approximately four times



WO 2011/ 123064PCT/ SG2011/ 000128 48 contains 100ul of reaction buffer, ions
and prinmers and DNA pol ynerase; and a blister B which contains 50ul of the
nucl ei ¢ asbdosit@Biws such as Et hidi um Bronmi de or SYBR gr eem/séepandimng on the
detection systemused within the reader. Again, this is a schematic
representati on showi ng the general |ayod? and is not to scale; however, the
detail ed | ayout of 5the assay card 20F wll readily be apparent to the

skill ed pigs &@Bentration of BdedpsihatrighiospHae I15 Anpdies ibbpahtameoBBy indedggesessed and
t he sanpl e contai ni ng DNA t@gﬁl ate is applied to t he assay fard 20F. The
sanpl e bIdP%ItaéfFUOSBO ifarn @ peaiseahyide-¢ratiniagmding blaod soRgaRipTe Ok HeatinineAnddsy: d

o e, AP0y, AUIED AT TALO Loy

The sanple e sa [ows into the reaction
chanber (&vet isskedw) an ifitlieai@s fayasswasig Ridkey ﬁmphm:éﬁeatmnm thitds asesayt impgamat us

10. ‘ The blister B channel. is depresse d the hlister Ais
crusheéd \%Pk‘ﬁmég %}LY rga?tw&eﬂ@ ahit pistits ts W@gé&ﬁvafnrmaﬂon qu gafqur, the

ther nvcy%t%@%wmmsln&ag&m@é Ravdl l@éﬁ%nﬁﬁﬁ’%t&g':ntbﬁ“eﬂeﬁééhrs REMidded he
assay apparatus 10 lister channel is released, the blister A

C hannel |usmgep<rhesslecryhndpllmt¢ sét sacoai a@a@@n@@reﬁdmwaftor asxdifying itERAMRIcEtic

OPERA R TfNr ELgJCl‘CI' L tléCEaml Figure 26 illustrates
scherratl 88]IdI°§9 fha (I)aﬂ?&ﬁp (BF & 8§?§ﬁ%ﬁ 5¥ ypcard 20G Four reagents

contained within separate reservoirs Ato D are al so provided which are
activated by Redoubiré ¢cmlta1imsrreagemﬂlgﬁm©Ht Triemtililromhdsphatel{NgxﬁCMIQBIz@mwéiunﬂ' he

assa card 20G c nl et enent 16
Sbova0  Agdioras RS DuE Hebvrior BB b Brsesh ose R gl er o

| ayOUt amdsér§oin @ cdntaisC@h&nt BONBYRIrousti& I TRIRIA fdrlify fé‘dger@ﬁs fohfe@foAYa card
20Gw Il readily be apparent to the skilled person. WO

2011/ 123084 PCTH®tyomes 06 theghree reagents before use. Reservoir D contains reagent 4: 30%
(v/v) Ethanoic Acid '

A 200ul test sample is dispensed into a sample application_well S.

15 The sample is drawn into the assay card 20G by pressing and releasing the sponge
blister SB (press when adding sample, release to draw sample into assay card 20G in a similar

manner to that described with reference to Figure 16 above).
A pinch valve is activated to close the sample well S.
- A card integrity pin P is removed to open up the reaction chamber microfluidic path.

20 Reservoir A contains 100ul of the sodium salts/hydroxide. Reservoir B contains 100ul

. of the Sodium lauryl sulphate. Reservoir C contains 100ul of the Anhydrous picric acid.
A mixing chamber MC is coupled with reservoirs A to C.
Reservoir D contains 200ul of the Ethanoic Acid.

A reaction chamber RC is provided, coupled to which is a waste reservoir AP

25  containing a cellulose based wadding or pad.

In operation, the sponge blister SB is depressed and the urine sample is applied to the

assay card 20G.

The sponge blister SB is released and the sample is drawn into the assay card 20G.



49 the concentration of adenosine triphosphate. In nuscles it spontaneously
under goes degradation to forma cyclic anhyride-creatinine. The bl ood
concent r avpemwh3@ieati nine and its excretion in urine @ce/sceomiok@hsy
constant in normal individuals. Therefore serumcreatinine level is used as
an indicator for assessing kidney functbP@dn. Creatinine that is present in
serum5 or plasma directly reacts with alkaline picrate resulting in the
formation of ahegihcholabatris clobel.i ntensity of which is neasured at a

wavel engt h of 505nm Protein.interference is elimnated using sodiumlauryl
sul phat e. qnd f anc rea (;Vrég after acidifying with 30% acetic-acid
corrects for £ [838 e\gflél %]ﬁ gens in the sanples. Reservoir A contains
reagent 1: NaOH, Trisodium phosphat e (Na3POU412H20), sodium 10tetraborate

[ Na2B40710H20]The Repsreze\htister BBaod¢raessed amhih)e nample Miimth@waytﬂorsqhambat e.
Reservoir contai ns reagent 3: Anhydrous picric acid. A working reagent is
formed f a mx of equal volunmes of the three reagents before use.
Reservoir D contains reagent 4: 30% (v/v) Ethanoic Acid A 200ul test sanple
i s di Spensed ilitassay a6 apbdced atto the asedyl apBarafisThe sanple is drawn into
the assay card 20G by pressing and rel easi ng the sponge blister SB (press
when addi ng s . qﬁs‘g simlar
manner to tha?%%gglg%éégaﬁg Beq%lgr%éesﬁge Lﬁt |gul e’l ¢ g&@qﬁ)@é}ﬁog{kﬁgh val ve
is acti va‘t@dnﬂscﬂow ingethe InﬁxmgmfbhrﬁbweMC vﬂnlsAtheamdrdﬂnichgclnatnyelpﬂonrd@envmrrnarmved
to open up bh(g ctl on_ cha %1)9 m crof lui dic path. 20Reservoir A contains
100ul of P{IH&® Phﬂ%"a‘f%hée/r 18 Reservoir B contains 100ul of the

Sodi um | auryl sul phate. Reservoir C contai ns 100ul of the Anhydrous picric
acid. A mxi thehnanh@chMEbhsl\/lcqvﬁélﬁdssm bh tHeaSHdéMmth[ ﬂle/éohtan@ﬂdae'ﬁgrma)ﬂre D
cont a| ns 20Qul of the Ethanoic Ac A_reaction nber RC is

pr ovilBed reactap clambes RihiTog m‘%rogui/dé“s?@”fl%lsf@f (P85 OIRP rfﬁ@Hﬁtpé‘i“g‘Faéh‘& cel I ul ose
based waddi ng or pad. In operation, the sponge blister SBis
depressed and Theeasdayicarl 2@nBligcubated @pampBidnt tompbatas @B 0aaihdiee0G  The sponge
blister SBis released and the sanple is drawn into the assay card 20G WO

2014/ 123064PC‘E‘[h§C512g%%111js %gt%g'tgg using the assay apparatus 10 optical device 50 at 505nm.

Reservoir D is depressed by the pump roller 500 while its microfluidic channel is
released by the valve roller 510 allowing the ethanoic acid to flood the reaction chamber RC.

15  Any waste overflows into absorbent pad AP.
The assay card 20G is incubated at ambient temperature for 30 minutes.

The signal is detected using the assay apparatus 10 optical device 50 at 505nm. This
absorbance value is deducted from the previous absorbance reading to provide an indication of

the creatinine level.

20  EXAMPLE OPERATION - DNA EXTRACTION LAB-ON-A-CHIP (LOC) UTILISING ROLLER

BLISTER SYSTEM

Figure 27 illustrates schematically the layout of an example assay card 20H. Three
reagents contained within separate reservoirs A to C are also provided which are activated by
a double roller arfangement 500, 510 mentioned in Figure 18 above. The assay card 20H
25 comprises the inlet arrangement mentioned in Figure 16 above. Again, this is a schematic
representation showing the general layout and is not to scale; however, the detailed layout of

the assay card 20H will readily be apparent to the skilled person.



50 The pinch valve is closed. The card integrity pin P is renoved. The
sponge blister SB is depressed and the sanple flows into the reaction
chanber REo 20fihes@ssay card 20G is placed into the assaycappgaialonsi24.0.
Reservoirs A, B and C are depressed sinultaneously by the punp roller 500,
the reagents flow into the m xing chanbét MC whilst the microfluidic
channel for reservoir Dis pinched shut by the valve roller 510.

The m xi ng ch@MAkxivhetion 1dp¢1f@ﬁﬁ&@yb¥ndﬁ1ﬁ§oﬂ@ﬂaf@ﬂ DMWA lontd$i 05 OTtiee$i0sisf | owi ng
into the 10 reaction chanber RC. The mcrofluidic channel for reservoir D

r emai ns I@har@ﬁféamg&@ﬂlHthBlea@gW ie arldedoand the DNA: binds vthe 51Qarbinbeind proteins
tenper at lé?ee §Qla %}Hégﬁlanggﬁd%eg&?nd i A§L Qﬁfeﬁ%ﬁg%h@zglsiﬁlﬁet[) lf)g@%epr essed

appar at us 10 |ca Ice at 50 ervoli
by the pmhmgewﬂhamtaoo while its mcrofluidic channel is rel eased by the
vaI ve roller 510 allowi ng the ethanoic acid to flood the reaction chanber

§ Any WaSA nfg) @% 5{)}&19;\96015 ?’Efr?gq? gl%rvg%{itong)a\ghfa‘ﬁ the tgﬁ s @'is ﬁgh&ls (ﬁ) Gis

|ncubat ed at a enperatu m nut es e SI gha
detected using the assay gpar atus 10 optical device 50 at 505nm - Th| S
absorbance valAigpange bbsiercile e rpvided tocfapititaie drawingheidhe saveple Flé@tdier?gsﬁ)’cﬁard

provi de nd| cation of the greati,nine,level
D ncrt SR RE e %ﬂlrﬂeﬁ‘&&“’(ﬁl‘*ﬂ'ﬁ Tl ey e i Yssqy ) gur e
27 illustcat®@gi)schematically the layout of an exanple assay card 2011.

Three reagents cont ai ned w thin separate reservoirs Ato C are al so

et oned i n P BB o gt Ksva o Tad BENye AP Shol YRR T ces 't he rni et

ar r angenent rrentl oned in Figure 16 above. Again, this is a schematic
repr é8ent at i o edrdwtegrity Ipén Bérmoaided ahahtis cemabvied tgopent up the aktegcticowbaebsr t he

SET fi: Iegd égugﬂgﬁhct h?h assay card 20Hw Il readily be apparent to the |

Reservoir A contains 100ul of guanidine hydrochloride (GuHCl) salt in
- tris(hydroxymethyl)aminomethane ethylenediaminetetraacetic acid (TE) buffer. Reservoir B

contains 100ul of Ethanol. Reservoir C contains 100ul of water.
15 A waste chamber WC is provided containing void volume and wadding.
A harvest chamber HC is provided.

In operation, the sponge blister SB is depressed and a protease treated sample is

applied to the assay card 20H.
The sponge blister SB is released and the sample is drawn into the assay card 20H.
20 The sampling channel S is pinched closed.
The card integrity pin P is removed.
The assay card 20G is placed into the assay apparatus 10.

The reservoir A is depressed by the pump roller 500 and the reagent flows into the

extraction chamber EC.

25 The harvest chamber channel and reservoir B & C channel’s are pinched shut by the

valve roller 510°.



WO 2011/ 123064PCT/ SG2011/ 000128 51 DNA extraction is perforned by binding
of charged DNA onto Si02. The Si Q2is charged using GuHCL. The sanple is

added andwbhe1idsvehi nds to the Si 2 Unbound proteins arecesshedoay@y usi ng
et hanol and the bound DNA is eluted by neutralising the DNA's charge with
water. A sanple application well S is pbdvided onto which the test sanple
i s di spensed. A sponge blister SBis provided to facilitate draw ng

of the sanpl e Thetsporideehlis®s 8B i€ déptesdbdbPrhepuagsioligr S00hndaheampig flops &gs when
addi ng sanmpl e, release to draw sanple into assay card 20H). A pinch val ve

i s used th @itigston ehembskBCe application well S. 10A card integrity pin Pis
provi ded which is renoved to open up the extraction chanber EC mcrofluidic

path. Re&QErv6ir B iéd@?r@&s%ﬂ S tHORIMp Rflled SaMNALH the réageitaTowsdhiodie ( GUHCL)
salt in tris(hydroxynethyl)am nonethane ethyl enedi am netetraacetic acid
(TE) buf earactRashpmbeE@ cont ai ns 100ul of Ethanol. Reservoir C contains
100ul of water. 15A waste chanber WC is provided containing void volune and

waddi §g. A hampegst o taaepresied bs (R PimhsiRflier 500 and the r@RekEwAntolthe sponge
blister SBis degressed and a protease treated sanple is applied to the

assay carecgtragign chamber EC.  The sponge blister SB is released and the sanple
is drawn into the assay card 20H 20The sanpling channel S is pinched

closed. The catd dfeBhinb¥r Mafindlid SinfIRARYSLd bY B BFRA%11625 19 2RGHehaPlBCed
into the assay apparatus 10. The reservoir Ais deﬁressed by the punp

rol | er 5@bambet chhenel capened fol emakle ithet extrapied &N A s bé barvestedhber EC. 25The
har vest chanber channel and reservoir B & C channel's are pinched shut by

the - EXAMPLE OPERATION - ADENOSINE TRIPHOSPHATE (ATP) LAB-ON-A-CHIP (LOC) TESTING

10 DEVICE

Obtaining microbial counts for food, food preparation areas or water sources using
conventional microbiological techniques can be slow and typically requires the use of central
- laboratory facilities. A number of rapid POC devices that utilise bioluminescence allow for
much faster readouts that provide results often in minutes. Bioluminescence can be used to
15 defect ATP (adenosine triphosphate), a ubiquitous compound used in the biological

metabolism found within all living cells.

An enzyme, luciferase, together with its substrate, luciferin, can be used to assay ATP
content. ATP is used to help catalyse the conversation of luciferin (substrate) to oxyluciferin
(product). The amount produced, which results in the production of the short but stable _

20  production of light, is detected and quantified and is proportional to the amount of ATP that

has been extracted from any bacteria present.

~ Figure 28 illustrates schematically the layout of an example assay card 201. Two
reagents contained within separate reservoirs A and B are provided which are activated by a
“double roller arrangement 500, 510 mentioned in Figure 18 above. The assay card 201
25  comprises the inlet arrangement mentioned in Figure 16 above. Again, this is a schematic
representation showing the general layout and is not to scale; however, the detailed layout of

the assay card 201 will readily be apparent to the skilled person.

-A sample application well S is provided into which a 100ul test sample is dispensed.



valve roller 510'. WD 2011/123064PCT/ SG2011/000128 52 The sponge
blister SB is depressed by the punp roller 500 and the sanple flows into

t he extr a¥0i20n/ehwAaber EC. Reservoir B i s depress@dTiSG20naopasp
roller 500 and the reagent flows into the extracti on chanber EC.

Reservoir Cis depressed by the punp roPPer 500 and the reagent flows into
the extraction chanber EC The waste chanber channel is pinched

cl osed by t he Arsonge bbétere$B HlBovidediptoniled 4o feeditate deaviieg otthasawbleiistodhened

to enable the exiracted DNA to.be. harvested. . . EXAVPLE RAT] ON .-
ADENGE! NESHRCBIIASbRA PR S PR AR (ALCER IMEET 42 SREBIF. RIS TDAILEemble
bt ai ni NngntBlasdaRbrd 208punt s for food, food preparation areas or water

sources using conventional m crobiological techniques can be sl ow and

typically requires the use aof central. |aboratory facilities. A nunber of
rapid POC devi’tBEch Hg\f’e EFtF?rPYIQ‘é‘f[ﬂ ‘Pﬁ?ﬁl’ﬁmm}é"lémlw&'r much faster

readouts that provide results often in mnutes. Biolum nescence can be used
to 156et ect APPcdradaegity pin Pid pboidphahich,is eemddied to dpansupcthapadtich clsadtber n t he
bi ol ogi cal netabolismfound within all living cells. An enzyne,

| uci f er af&; MYGEYIHEPAth its substrate, luciferin, can be used to assay
ATP content. ATP is used to help catalyse the conversation of luciferin

(substrate) t o\ fsyivoiiA Brpréviddl Whidh tdntaihb 80@rsTaNysipsaaisedritohNeIo 1r@gal)t s
in the production of the short but stable 20 production of light, is
det ect ed 1AM NaRH)fi ed and is proportional to the ampunt of ATP that has
been extracted from any bacteria present. Figure 28 illustrates

schemati cal |y A hgerlvay Biis padvidddl wiieRBbRaias Seyl oFarebrkidd.reabopt Sohaarsodium
contained within separate reservoirs A and B are provided which are

act i VAt edauyl silpheisdBE0md] HEPES(PHAGOMmM EDBA. 411 MaGilRohomM Nt B 18
above. - They e 5% GALA. 20 ARERIRL! 88 SUS.rLBliGln, A0 LADISENL,ENt | oned in
ove. “Agai n, ent a

Figure 1 ( i's'Is a schematic repres t1on show ng the
general l|ayout and is not to scale; however, the detailed |ayout of the
assay card 201 wartion dadibey/REds prsyedednt to the skilled person. A sanple
application well S is provided into which a 100ul test sanple is dispensed.

A waste blister AP is provided containing cellulose-based wadding or pad.

In operation, the sponge blister SB is depressed and the Sample, such as a urine

15  sample, is applied to the assay card 20I.
The sponge Blister SB released and the sample is drawn into the assay card 201.
The sampling channel S is pinched closed.
The pin P is removed to couple the sponge blister SB with the reaction chamber RC.

The sponge blister SB is depressed and the sample flows into the reaction chamber

20 RC.
The assay card 20I is placed into the assay apparatus 10.

The reservoir A is depressed by the pump roller 500 and the lysis solution flows into
the reaction chamber RC while reservoir B’s microfluidic channel is pinched shut by the valve

roller 510.



WO 2011/ 123064PCT/ S&011/ 000128 53 A sponge blister SB is provided
provided to facilitate drawing of the sanple into the assay card 201 by
pr essi ng wodoriehe®@si ng (press when addi ng sanpl e, rel eapeTisa26rianizanpl e
into assay card 201). A pinch valve is provided to close the sanple
application well. 5A card integrity pin5# is provided which is renoved t
open up the reaction chanber RC m crofluidic path. A reservoir A
provi ded whi crrheaﬁﬁagicafd H0iklinofibated af aidicho tenipeanure Tor 2 minidies] Drbwi(ldg/ L) |
100mM NaOH) . reservoir B is provided mhliggc nt ai ns 50@1 of a

wor ki ng raéarg@lﬁtedsﬂ@qtﬁl@lﬁ a1y S gignaieddo rfmsw apprahstl8

gHepEided pithe 4)

4V EDTA]§ Fy% £2 150mM NaH2PO4, 3.0g/L BSA, 10g/L, 10g/L Trehal ose,
1

mM D- Luci

waste blister AP IS'E;EVIded cont ai ni ng cel | ul ose-based waddi

In operation, Reservesp

éhap| depresyedd the peap realkes 880.4heipemp r@b@ﬁégg c 0§‘€P‘cthe as

urines 15%?1%&][?% dit ShadR 'doﬁgl g%ﬁﬂgs AvaiPs, i file %9&umﬁ'§uﬂ§g§lh%}%ﬁ o A1t

rel eaSed a

channel
blister

e sanp rawn in € assay car e sanp |ng
Sﬁbﬂuﬂkﬂﬂhﬁﬁh@h@@ﬁMC.The pin Pis renpoved to couple the sponge
SB with the reaction chanber RC. The sponge blister SB is depres

and t he. sar’rpl ];lggssamgfhr p%@ét hec&k? eélta{t%rr}lble ?%éaera%gre@q 30-|-rrr]1e ues g)()v ifide d 201

pl aced into t

reservolr

(0]
S

0.4

ng/ L Luciferase). A reaction chanber RCis prOV|ded A

a

sed
is

epressed by

t he punp appletiatedI0A tidB ehaly e sigﬁalea 16 Helssaghpbhrans mrbtycinddxqur;ﬁacrae@ Bn ekanber
RC while reservoir B's mcrofluidic channel is pinched shut by the valve
rol | er 58&say cgyd 2411/ 123064PCT/ SG2011/ 000128

10

15

20

25

The signal .from the reaction chamber RC is then detected using the assay apparatus 10

luminescent detection device 50.
Any waste overflows into absorbent pad in the waste blister AP.

ALTERNATIVE ASSAY APPARATUS

Figure 29 illustrates an assay apparatus, generally 10A, according to one embodiment.
This arrangement utilises a single roller pump mechanism on a flat tray for the immunocard.
Accordingly, a base tray 600 is provided into which the assay card 20, for example, is placed.
A compression mechanism is provided having a single roller 70A on a gear track 620 which
squeezes the reservoirs. The compression mechanism may be provided on the base tray 600.
The compression mechanism may be sprung to press the single roller 70A onto the assay card

20 to apply a constant pressure.

This arrangement is similar to that of a CD-ROM push-in mechanism found on
computers and provides for increased control on the mechanism, on the applied pressure and

on the positioning of the assay card 20 within the assay apparatus 10A. Using a single roller

- 70A reduces the likelihood of slip which may occur in a double roller arrangement.

In addition, a charge coupled device (CCD) camera (not shown) may be mounted
directly on the reaction chamber to provide for real-time monftoring and verification that a

reagent is being transferred into the reaction chamber.



54 The assay card 201 is incubated at anbient tenperature for?2
mnutes. It will be appreciated that this nay be signaled to the assay
appar at uswoQohy12Bwdexi ng provi ded on the assay card 201PCT/SG2011Re&I@8 voir B
is then depressed by the punp roller 500, the punp roller 500 cl oses the

m crof | ui di c channel coupled with reservdir A and the sodium | auryl

sul phate solution flows into the reaction chanber RC The assay card
201 i s i ncubatTée aatangamng nf the @ssag catd einftior bB0O tray 300 esabldstthevgxdct lpgation of

D e Bt 2 e AR R SR e BT Sh hT RLA
i s then dgtemht Sakselfdy@olRSyanfBI0 fRPRelREWondfdts| UM nescent detection device
50. Any waste overflows into absorbent pad in the waste blister AP.

ALTERNATI VE ASSAY APPARATUS Figure 29 illustrates an assay apparatus,

Gener al |y TOASUAR EbATFHGTES: GHEERBEREHEHE OF 16VTR Taod FeRranEREY PTTS: ses a
si ngl & 1 @hlRE (RUABDERGRANISAY PibRe ftﬁ@t’éaétfoﬁ%hgﬁbeﬂfﬁﬁlita‘f@m@&f@ﬁgmonitorir@;
Accordingly, "a base tray 600" is provided into which the assay card 20, for

exanpl e, thepressacech tha assapparis) and theotlani&nis esisr tvéatrd] deeiogviagsinagl e
roller 70A on a gear track 620 i ch squeezes the,reservoirs, The

Compr ese TN T RHERNE R SHBTEPEOGRETAR S e b MFAT e b dhTE s essi on
mechani sypi@yolagssprung to press the single roller 70A onto the assay card
2020 to apply a constant pressure. This arrangenent is simlar to

that of a CD sh-i.n chani found on co ters and,provi.de or
e eacen contyobpRiRety HlcATear B raRomeits PR 1 el BESte BhloRl
posi tlb0_“if&gde‘?éctihg%hé}ﬁﬁﬁb’or%lgg@_&l AkAH b RIS SdYplaPRa BbstBorkd e, MSwagad
single roller 70A reduces the |ikelihood of slip which may occur in a

doubl e r ovdtess sak grndrmylesrenyiromsinial ga@ples.on, a charge coupl ed devi ce (CCD)
canera (not shown) nmay be nounted directly on the reaction chanber to

provide for reghsddifBntdPryviderd MeardRE sdRiehiid] q‘g&ét% dtheteest Hc%ﬁ&ﬁﬁfo d Ra8finng
transferred into the reaction chamber. WO 2011/ 123064PCT/ SG011/000128 55
The ar r ambamnbertin efpre-hwgsmemed maner by means hEvdrasenple apd whigblesgideamet he exact

| ocati on of ,the say card. 20.to be determ d and separate pins, ((not
hoan) CoaecBamSp o sh itk 67 R 208 g MBRN Bl Boliel®Sh 1o
seal i1pg GaIEdAeSor more reagOhtGBsed iR AndHHE WRbfe cRiABEdRS etthrlcBonkild theseof

havi ng fi xed reagent w ndow points; having the CCD canera_ always above the
react i on resavasend seambaraeisdnteranneciedev i Tieretyidiy; chamrelp lbs depation Al each
assay Carrgste?\e%naiggalteﬁﬁlgrcfytén%ﬁneZlQé‘rﬂage Sl ?&n?aiﬁémﬁu% is gﬁeetz&l Q@V' ng one
novi ng par i ch'enabl es increased control; no sltppage; and know ng
exact |y whareatitlhe roll er 70A is.

For example, a typical sandwich immunoassay reqliires following steps: the antigen in
20  asample is bound with the antibody immobilized on the reaction zone. A washing solution is
pumped to the reaction zone to flush the sample and unbound antigen. An enzyme labelled
antibody solution is pumped to the reaction zone. The antibody is bound to the antigen which
is already adhered to the immobilized antibody creating a sandwich structure: antibody-

antigen-antibody.

25 The washing solution is pumped to the reaction zone again to flush the unbound
antibody. The last step is to pump the substrate solution to the reaction zone. The substrate
molecules react with the enzyme generating luminescence, fluorescence or colour change. The

light signal is detected by an appropriate electro-optical detector module.



Accordingly, it can be seen that enbodi ments provide a versatile diagnostic
pl at form 10f or detecting chem cal or biological agents in biological

sanpl es |wbeobls@sor urine, as well as water, soil andpeotr/serognvimennent al
sanpl es. Enbodi ments provide a neans of sequential injection of
reagent liquids into a reaction chanber 56n a pre-programed manner by neans
of very sinple and reliable squeezing nechanism In one enbodi nent, a

name- car Rsiad,SAdk n di agnostic device is provided on 15 which one or nore
reagent reservoirs and one waste chanber are extruded, while those
reservoirs andn ohﬁn’mepmvﬁieefoﬂ lnhgtemmrsmageauf anieadenirinca ehéruoid bcbliilanmedagentThe

| ocation of each qEeservmr i care,ba ermned to makgrsure e

cont ai ned¥k i§@reyided Hhave rP%ﬂ |RFeveppsy the Leageft drom migraiing,

sandw ch 5l JIYRORS& BN uidRAUNafRTs; p%deﬁté‘tﬁ@reﬁé&]@%acﬁ@wﬁﬂtahﬁ§('Ihe'sﬂfe%Qerﬁlcéil%”p' e
is bound wi th the antibody immobilized on the reaction zone. A washing

sol ut Pon and lgsingrstivity, andereveatstthoreagant érozmbefmgjéernatuﬁed bahghtand ddmidibound
antigen. An enzyne | abelled anti body solution is punped to the reaction

zone. The antifady,Jef A%emdanta@mm?u@%ﬂ ga%ﬁ SUEEDR d SolFhbFRt: BRBLSH 0 the

i mmobi i zed anti body creating a sandw ch structure:
ant i body dinglilgrvakizediibdayion Beatng. Wae reagent sadkus imade fronpalnmedumdod dichaact i on

zone again to sh the unbound, anti i.s. to.punmp th
2 et 292 somugatli K5hm ik AR RN aRA, B tordBa IS 76 SRRk iR Ped®s i ¢ 1
the enzyrmﬂgﬁﬂ@mtsm&elcumlﬁge&s@ﬂslesucﬁhym@&,@?%e. or. col our change. The
| ight signal is detected by an appropriate electro-optical detector nodul e.
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m grating along the mcrofluidic channels; prevents the reagent reacting

wi t h any fedinpslyoesta loe pplysdrbosaa dd re@mngglaahqlﬁ VPt yhavangidipreasiens ef t0mmxeagent
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i nduct i opoligialdicigulad PRstiE@ge HrmeA LK 0 fhdHeite] (15 ol | alcbdriohatidh tied dimehdiels dfs
nomnally 15mthick and typically may be up to 50pmthick. The al um nium
foil 1ps dlsreservoirs within w%bthega%geawcwépubﬁ@ a¢gd-eri al such as | acquer

pai nt. 10A polished circular plastic disk fornmer 1010 is provided. In this

exanpl e the pofhesi@Ainium foil 1020 is placed on the polished circular plastic disk former 1010

and a stamp 1030 made of an elastic silicon rubber is pressed over the rectangular hole 1015.
The aluminium foil 1020 is deformed which creates a container by the force of the
stamp 1030.
20 The reagent is then injected onto the aluminium container.

A piece of polypropylene film 1040 is placed over the aluminium foil 1020.

As shown in Figure 31, a tube shaped copper coil 1050 is-aligned over the aluminium

foil 1020 and polypropylene film 1040.

Pressure is applied to the tube and a high frequency (typically between 0.1 MHz and 1
25  MHz) rotating magnetic field is applied to the tube shaped copper coil 1050 for a very short
time (typically between 0.1s and 0.01s). Electrons within the aluminium foil 1020 vibrate
creating intense heat. Accordingly, a highly localized, short lived heat pulse is generated along

the edge of the rectangular hole 1015. This causes the polypropylene film 1040 to be sealed to



circular plastic disk forner 1010 has a dianeter of 50mm a thickness of
3mm and is forned from pol yacetal or polycarbonate. A rectangul ar hole 1015
havi ng diwensionsisef | Onm x 4mmis created by CNC milli pgr/schoamusce, it

wi || be appreciated that the di nensions of the polished circular plastic

di sk fornmer 1010 and hole 1015 wll nee@7to match the di mensions of 15the
reservoirs within which the reagent sack is to be pl aced. The

al um ni uAhd AuminkGRoil 3020 alepdteredpbby prllicahad prédstrel Bhe Rhgatt icurtiffoktel oy mer
1010 and a stanp_ 1030 made of an elastic silicon rubber is pressed over the
r ect angulthg hegbpethe gnpgnetic field. The al uminium foil 1020 is defornmed which
creates a container by the force of the stanp 1030. 20The reagent is then

i nj ected onto A Bénchl(HoH sRbwWH) ﬁ?ﬁ’és@éd@{to tH 1011 06€ tHf re@Qny ficRAYbE Bénthihing tAO40
is placed over the alumniumfoil 1020. As shown in Figure 31, a tube

shaped cagagent is gblainedso shewalin figaee B er the al umi nium foil 1020 and
pol ypropyl ene film 1040. Pressure is applied to the tube and a high

frequency (tyniheatdoénRathveesd Qayl ihibe3drtdd ZRdMAR)bIsRE 8f feBdvOROWaEH thef i el d
is applied to the tube shaped copper coil 1050 for a very short tinme

(typi cal Irglldsesqusere e teagemicdack the @lwpimiumn §0ilM 420i rapturas aad dthe nepgant isoi |
1020 vi brate creating.intense heat. sAccor.dingl R ocal i zed, short
ved hednefsh LB WiskpEREE- A ahy nPRE iR opbrout Eihel Ol ar  hol'e 075,
Thi s causes the polypropylene film 1040 to be sealed to WO

2011/ 12363R CONESEXDIPH@IORREPEY t he al umi nium foil 1020 al ong the edge by
the heat and pressure. The reagent is unaffected by the heat or the
magnet i ¢ fi el digure 33 illystrpign amagsan card HA ( peqosdipg seieenehpdgneielisi | and t he

F eaent . P ‘ i : - . .
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reser voi rreagétiealthidughmodrk edssrveirs ey detpnevideh gesaimpiamiky b 6idded o dlewassayi um

foil 1020 ruptures and the reagent js releas into the bliste .
reser voi °2&hid 0 teruch il FlgPes 1 CEER Cherh lamqe&ﬁéﬁstrm\i}@pbw
READER FigWfigeBsdich bl ¥ $id i B @dadR$ a¥ipS A Plil AIRr A¢sReRieRol 1170 ngﬁ)Vided
enbodi nent. This 10enbodi nent has thrée reagent reservoirs 1120, 1130, 1140
each contvdiich mgvesrchtisoti the esbay card 1100 in the direction A and displaces reagents from
15 each reservoir in sequence to react with the sample and seals each microfluidic channel
associated with each reservoir, as will be described in more detail below. The split roller
arrangement 1170 has a gap to prevent compression of the lateral assay strip 1160. The split
roller arrangement 1170 has a comparatively large diameter (in this example 12mm) with
thick elastic silicon rubber. This enables the rollers to move back and forth whilst squeezing
20  the reservoirs and squashing the channels. The thickness is influenced by the amount of bare

assay card area, the reservoir zone and the fluidic channel zone can be absorbed by the highly

elastic silicon rubber.

Each reagent reservoir 1120, 1130, 1140 has a microfluidic channel associated
therewith coupled with the chamber 1150. The microfluidic chanﬁels associated with the
25  reagent reservoirs 1120, 1130, 1140 are located away from the split roller arrangement 1170 at
the bottom or tail of each reservoir such that the microfluidic channels are only contacted by
the split roller arrangement 1170 after the associated reagent reservoir 1120, 1130, 1140 has

been compressed.

‘To enable the microfluidic channels associated with the reagent reservoirs 1120, 1130,
30 1140 to be routed to the chamber 1150 requires routing space adjacent the reagent reservoirs

1120, 1130, 1140. To increase theb reagent reservoirs density, the reagent reservoirs 1120,



reagent, although nore reservoirs may be provided. A sanple may be | oaded
into the assay card 1100 through an inlet and retained in a chanber 1150. A
| at eral aseayiigizsosp 1160 is provided such as a | ateral ipomscoes@ayi2strip. A
split roller arrangenent 1170 is provided which noves relative to the assay
card 1100 in the direction A and displ aé®s reagents from 15each reservoir
in sequence to react with the sanple and seals each m crofluidic channel
associ at ad3ov 1t1B0 ascdlaggefdrin oo or ASrarddlhmbe Th&SE o Videdthe Bpawe requiet dbd robgh®w.
The split roller arrangenment 1170 has a gap to_ prevent conpression of the

| ateral Aksaerailyidis chagsls. The S&lmrplﬂerraaqapaﬁmeﬂﬂ&ﬁb@w&sa%mem eppart

conpar at i j ! o | EmAdmMm with thick elastic
silicon ru {)}gcrd.rﬁl%ﬁﬁggfeeﬁgﬁtgiseﬁﬁgsﬁ)‘gihﬁe%aﬁo&m)vé back and forth whil st
squeezing 20 the reservoirs and squashi ng the channels. The thickness is

i nfl uenced by 4 RE ededhio istprowded whichyprovadas lagatign andh imingsigferaagion ffdisand

ubber - Cadh’ FRATTRarRRE THEDILAR I3 HES SAAT L e sl B HERT e
associ at eglahpler Bweddbycompbidsipiiriant bematuaidhed td iHeGissaltuppafatisaid, giordi C

channel s associated with the 25reagent reservoirs 1120, 1130, 1140 are
| ocat ed &WBPPIEr dRUCHO FRasceive [ lsa%m%ﬂdg@ﬁ@n&lem@éleggww a&& Fﬁ?ﬁ%w{lncan

of each rgsev&y QtRh&de : i 1 yigli : ted by
t he spli tr rolnl re Bg%ﬁgemnf tuﬁ% Iggét%fgllrl,l gt]iﬁgﬁ}éggwgé %é(ﬁ{rggazggllﬁ%/w%gsi};er%oi r

1120, 113kt conitdids hksrisbsuppotimgr@R sedk: detection. Additigual éwrabibealith e proeided bushdi ¢
channel s associated with t r ent reservoirs 1120, 1130, 301140 to be
Fout i+ 6° EREPERAN I PIcteh (R FEUI PRy OB AL S5y 2DBHE L REPCFgEnt
reservoi lefrod Az{dling %ﬁ%ed&r@é@i-ghﬁ%&dlﬁfoﬂ??ﬁ@e&ﬁ@s érﬁl&%ﬂﬁﬁuﬂi@aﬁi@h?@édeﬁm@@&ﬁl ty,

the reagent reservoirs 1120, 2011/ 123064PCT/ SG2011/ 000128 58 1130, 1140

are st aggentee] thapesiieonang efthe assay a#rd 4o erable forraxaingles thetpssaypardtorbequi red f or
routing m. cr-of [ ui di it ¥0 r e 70 has an
nesoct at SAHERELR kol FiR RN BraslUEN TR bl bR AR IRl ol

col ums. aAnidRpeadssot hithingsaftweyd adcai tb iffbanatib@srdm aat hobileptnt i toi ng
information for use 5by the assay apparatus. The QR .code 1110 may be read
by t he a§§1ét§"léb‘b%1?eé%tij§1 Qfithe asgay gppgratus and to send information to the mobile phone

using, in this example, a Bluetooth transceiver.

The QR code encodes five items of position information (P1 to P5) and five items of
timing information (T1 to T5). In addition, the QR code may encode the length of each or all
reservoirs and/or the speed S1 to S3 at which each or all reservoirs should be compressed

20  (although the length and/or speed information may be pre-programmed within the assay
apparatus). In addition, the QR code may encode information relating to the width, volume or
contents of each reservoir. Of course, it will be appreciated that more or less information may
be encoded. In this example, P1 is the distance from the assay card 110 edge to the centre of
the QR code 1110; P2 is the distance to edge of the first reservoir 1120; P3 is the distance to

25  edge of the second reservoir 1140; P4 is the distance to edge of the third reservoir 1130; and
P5 is the distance from the far edge of the third reservoir 1130 to the detection zone 1160. In
the example, {P1,P2,P3,P4,P5} ={22,10,15,15,15} in mm.

The length of the reservoirs will typically be fixed and this length will typically be
stored in the assay apparatus. The volume of the reservoir may then be changed by varying the
30  width of the reservoir. However, the assumed length of the reservoirs may be changed by

length information encoded in the QR code.



exanple, is read by a nobile phone and comruni cated to the assay apparatus
via, for exanple, a Bluetooth transceiver. In this enbodi nent, the nobile
phone i s wol®1@2546@ whi ch runs an open source QR code i PFaEgSGRINGHESIIS NY

i brary known as "zxing'. Zxing is a library that contains a kernel
supporting QR code detection. AdditionaP9functionality is provided such
10as a conmand interpreter, QR code result transm ssion to the assay

appar at us pr odidwpematioeof the absapdppargtup st edbilephonkeivgtitnomgbecdratriteeld in more
procedur es alnd cogmni cation ocedures to control the positioning of the
assay cangtatlovihhighirencesid g hl e, the assay card to be positioned in a

| ocation that can be i maged by the nobil e phone. The assay appar at us
contains a m ARRPEIOHSHE asddnhrdd 1901S inedredtiftontRE seappaeatusdendred aon from
t he nobi |l e phone, to l1l5control the operation of the assay apparatus and to
send i nf é¢adgr indi2vis 3the nobil e phone using, in this example, a Bluetooth
transcei ver. The QR code encodes five itens of position informtion
(P1 tg P5) andchtfsiepesiiibeths agshy thddi NQ0 igddvan@diynhé dittahée Fhrapidin tegkdiéd on,
the QR code may encode the | ength of each or all reservoirs and/or the
speed Si presesgngtimefybias theoHeisrl 1201 An elfeat yoiting applins|ag obisetde iys distaage 20

l'th h .t he .l ' ' i t hi
the. assay BHEAPRRE heRl 8L o PRERR PR CERLAR ITEBE B CRRLAZAFITRGRY 1 7

rel at i ng beimgtdbecuredibhthesplitiotedrrangahenttld 70f each reservoir. O course, it
wi || be appreciated that nore or less information may be encoded. In this
exanpl e, Pl is, . the di,gtan fromithe.assa rd 110,edge . tQ L re of
the OR code 17y01ePSI 2D AERIR BT 8 o IR EMgER phper fFEIR.LBF oB T 3,0
P3 i 30t halldiwvshébieehbhe Roineaget it QRicodzes Airskape Hatispdayed 1d He; usBMatisteptd120

di stance to edge of the third reservoir 1130; and P5 is the distance from
the far @BgECcgosition apgtipyng WEQMAGPR and apy ether sodrskiBfarmation ict 23 3854 i$ n t he
exanpl e, Sapparatas 20sidps 1), FRe ofiSethlicd by the diSet! Skt Qfept e
reservoi }%ﬁ#ﬁ%d?@&@%g@?ﬂpg%@%ﬁXeﬁé}indﬁ)t ﬁ:ﬁso engphl?/atf}i %yglg%é yebe sePor ed
in the asday issppareatrsed. The vol une of the reservoir may then be changed by
varying the 30 width of the reservoir. However, the assuned |ength of the

reservoirs nay, j { >odeg . WO
2011/ 123064PCﬁtg%§8é%%p 8%68315% ‘%’S@gm fs %ﬂ%ﬁg%éfgﬁ ?%ﬁ&gf ﬂ?ﬁgd‘g‘gg%‘&?%‘% ar at us
and nobi Ispegaiinfer Wiel lengilo v diehedesarvoibet2( 1o sqoeeae daenioir MR20 land sfoppehde t o
Figure 34, i At step S100, the assay card 1100 is insert into the
assay appinatigdhepasnidedee laeb'?ee%ka)é\ﬁ amiauﬂ%iﬂge isdisplayed to theysek 115 agpyo  t he
assay cahfndlR0 tep RENIHCRIDYME T8, di stance P1 rapidly to reduce processing
time using the rollers 1170.” An offset routine applies an offset to this

di stance whi ch displaces the card by a pre-progranmed anpouynt to prevent the
Qﬂ}/ %FQ%Y%&I{@P 5

QR code 1110 fHSHPEEPAdhOIsdLTEd 1KY sRdv idly piHgRplests ha 70, At
step S12Q,: : ) InSnlE the i i of
T “Fo L0 r o EERrPES oSS oL TR TRRR I GRS L) ePu Bt A

di spkayedt sped B2 fostbe lagthsh efth81&@ramd! 4hdo posets @reraod 11 40hamistopdedr Aat | on

and any ot her. encoded i nformati.on such as speed is transmtt to the assay
parar uSiele! i Seitde herRabt pEBe M AT Serehy Rter BAE FELOTRESE ot op
S110 is tappatatuWRhSeMts for delay time T3.

At step S160 the assay card 1100 is advanced by P4-L rapidly (which closes the
microfluidic channel coupling reservoir 1140 with the chamber 1150), then advanced slowly
25 vat speed S3 for the length L of the reservoir 1130 to squeeze reservoir 1130 and stopped. A
signal is then sent to the mobile phone and a message is displayed to the user. The assay

apparatus then waits for delay time T4.

At step S170, the assay card 1100 is ejected by PS5 rapidly and stopped. The apparatus
then waits for delay time T5 to allow an immunoreaction to occur. A signal is then sent to the

30" mobile phone and a message is displayed to the user.



At step S140 the assay card 1100 is advanced by P2 rapidly, then advanced
slowy at 15 speed S1 for the length L of the reservoir 1120 to squeeze
reservoi rwdLaf/@asgsst opped. A signal is then sent to thecnsigeér/ophase and a
nmessage is displayed to the user. The assay apparatus then waits for del ay
time T2. At step S150 the assay c@@d 1100 is advanced by P3-L rapidly
(whi ch closes the mcrofluidic channel coupling reservoir 1120 with the

chanber 1150) Thtlue¢r thehviakheetpinitowl the d@tticpaad ab@ tHeanobileeghoaa gtidiydes die t he
reservoir 1140 to squeeze. reservoir 1140 and stopped. A signal is. then sent
to the nmoBAge UsHigBiCHiRd caliipigydn. the Cdﬁl%%%yé!dflr% thaimnage & .On’r‘ﬁléecg%@

appar at ug s hen $5: et d8)sBYed inBe ©3¢ le. At step S160 the assay card
1100 is agvanc%t\({j@‘by P4- © ragi%dfyn(vﬁli chsagllpoeses the m crofl uidic channel:

coupling reservoir 1140 with the chanber 1150), then advanced slow y 25at
speed S3 for tlie apsahgpparptupthepisiectsdieassay pard 1360 complgiebeyniil g opticalicprd: 130

and stop I i i.,L.e phone and a nessage is
di spl gyeggl%gr éﬁgﬁ g%%b?dt%ggtgggigagh%gﬁ% &gfgt)%gh waits for delay ti ?re T4.

At step S170, the assay card 1100 is e{ ected by.- PS rapidly and stopped. The
appar at us t henn s exxnine, {déiTyT3.Ttd 551 k0l 3l 3. budYh inspesmdi-eacti on to occur.

A signal is then sent to the 30 nobile phone and a nessage is displayed to

the user. m@%&%ﬂﬁfé({%ﬁgﬁ BRI P8ORS0t take accdiift of BRIspbdiesY t akes a

photo of the detection zoné and the nobile phone analyzes the inmage. Using
i nt er nal adednicingaanid sauetaing, the teserzoirs der athegreatboflinagnts, e speedyefl 9dyanuing and ed
into a concentration of a target .substan in the .tes e The
assay apgl?frCﬁftagcetaﬁjé’ﬁn?gfié%atysbett eenalg{é(])aaf C%lgl(r%go ic%% U(r:rtl)lrrlr%ﬁ %f é%gg iﬁlﬁl 'icfltlg%l opti cal
cardieensé&ictibgdich as a photosensor) detects the assay card edge. In this
exanmple, {T1,T2, T3, T4, T5}={10, 15, 15, 15, 300} in seconds. Although the tim ng

in this enbodi d not take account. of,,t he s d _of advancin nd
squeezing the Trtf]gg)gra\l?gﬁﬁs\fa?‘fe(gFnaé/?q’?é)f_e'é%e&aalsr%gm ,a“‘fﬁ@s l_ggl%ee@rnb‘?’arg&l}g?@‘%rﬁ and
the di st afaR MEHRIRH: TRIhCER CaHeaR prifted iR eaHdhle Wiy Adhdkametlbditiog sadOimepr e
time-critical 10reactions. _ .
~ then these information items may remain constant. To register a new P1 and T1 value, the user
will scan the QR code manually and the mobile phone will send this information to the assay

15  apparatus as an update. This P1 and T1 information is then effective for next assay card of the

same kind.

It will be appreciated that the QR code technique could equally be applied to the other
embodiments mentioned above to provide position information, timing information or other
processing information such as when to heat or perform some other operation on the assay

20  card.

ABSORPTIVE JOINT

Figure 35 illustrates an absorptive joint arrangement. Whenever multiple fluidic
channels meet, there is a risk of back flow between the fluidic channels which can result in
mixing or loss of fluid. Although the sealable channels and double roller arrangements

25  mentioned above can address this problem, these approaches can increase complexity and

cost.

Accordingly, an absorptive pad 1200 is provided (which may be provided in the
chamber 1150 mentioned above). The absorptive pad 1200 such as a glass wool disk is

provided with effectively an infinite flow sink such as a nitrocellulose membrane provided as



The P1 and Ti values nmay be pre-stored as 22mmand 1GCs in the firmvare or
software of the nobile phone. If the QR code is printed in the sane way at
t he sane woeaii/Bosgach time, then these information itersT/SEzorOI®2E
constant. To register a new P1 and T1 value, the user will scan the QR code
manual |y and the nobile phone will send6lhis information to the assay
15apparatus as an update. This Pl and Ti information is then effective for
next assayatesil tnolinddyeaysatip 1 R401@. combinatioh twithi dnl abe@rpapip pat1 Z0eThe hissorithe QR
code techni que could equally be applied to the other enbodi nents nentioned
above topﬁflg%)%l@ highdy by dephititor mat i on, timing information or other
processing information such as when to heat or perform sonme ot her operation
on the assay 3Q@as exanfi3SERRE roéervdias NI10, 1220, 1BBQUFeeprabided Wifthraad esupiddl
absorptive joint arrangenent. Wenever nultiple fluidic channels neet,
Chere. i s Vtl the RbssrPisciadipa0visemiseathiidin shsnnglsct be dsamiar saqh Uhis oErYIfeds ul ¢

In m xing, g d&ﬁ?éﬁ tglta E{;&ﬂdhﬁmlﬂl@ﬂ%g Qo&ﬂ?éad & é@ér%ﬁﬂ?ﬂ'ﬁ)ehgybq?@?s@o“b' e

rol | ef arrangenen ment1 one ove 'can address thi's pr em these
approaches can increase conplexity and cost. Accordi ngly, an

absor pti ve padhe2bsprpvepagyi2dedag afipwtrated)). Bee flow vateleld {2.43 previddddnpibe 1150

gfgf/: gggqﬁ%ﬁ%‘{@gﬂ NS-8PEANRL }n‘éeaggel ﬁglc]%ﬁ%%%%c measzze%;llglc%ﬁﬁgu t?&n %tﬁ%f s

ectively an Infi S uch-as a“nitrocelTul ose

menbr ane rggepxoidad 1 @sl 2200 230 1the ha 361 RIT ¢108E 3 and i k& dodlf tike todlesrtalbe less

i mmunoassay strip 1240 in copbination wth an absorption pad 1250. The
absor pt i Vednthe abssopsivedloyy g 1) Bgagco fisiabserptive pad 1308 hap the sgpngsst absofmijose
resenyoir, 2 ' ' '

baor ot 1 VR Rad e EGE et A BURCAPINCRE 1) 60 il E AU SEmME st 1
provi ded lawertdapiljagi fiow odtetIhahivivay ofhk ubstirptivehzd @D acte aph bdffering tome.
reservoirs 1210, 1220, 1230. The absorptive pad 1200 has a flow rate fO.

The flow rate : i VOl is
managed by coréércgﬁllg%%’]@%gg&ﬁzl%?%ﬁ gsc%ﬁ? P%ﬁ@g\{ei%ﬁ 129 ét l%“r’%é%%(t)}?e@%fzm,
1220, 123(hol paewhichrppévenisdiack ibannel s and the speed of the rollers to be

| ess than the absorptive flowrate fo. Hence, the absorptive pad 1200 has

the strongest AeArRbL A0 I0SART LI I ARSELAS L Ll chadoshodb Ll eases

it to the nitrocCe 0sé nenbrane ower capi ow rate. In
t hi s 19y chahelsadsoupleirgderpad 1200 acts as a buffering zone.

It will be appreciated that the features of the different embodiments mentioned above
can readily be combined together by the skilled person, as appropriate, in other combinations

than those explicitly disclosed.

Each of the applications and patents mentioned in this document, and each document
20  cited or referenced in each of the above applications and patents, including during the
prosecution of each of the applications and patenfs (“application cited documents™) and any
manufacturer’s instructions or catalogues for any products cited or mentioned in each of the
applications and patents and in any of the application cited documents, are hereby
incorporated herein by reference. Furthermore, all documents cited in this text, and all
25 idocuments cited or referenced in documents cited in this text, and any manufacturer’s
instructions or catalogues for any products cited or mentioned in this text, are hereby

incorporated herein by reference.

Various modifications and variations of the described methods and system of the
invention will be apparent to those skilled in the art without departing from the scope and

30 spirit of the invention. Although the invention has been described in connection with specific



Accordingly, the flow that reaches the absorptive pad 1200 i s absorbed by

the gl ass wool pad which prevents back flow. This arrangenent is
si npl e angtorobuBec4l ow cost and obvi ates the need for sealraioheribbehsnnel s
or double rollers. It will be appreciated that the features of the

di fferent enbodi nents nentioned above c&? readily be conbined together by
the skilled person, as appropriate, in other conbinations than those

expl i ci t lpyefdirecab&limema ib sifuld beuaRpitociahatahs inveatigadsemdimedshdild netbe n
this document, and each docunent 20cited or referenced in each of the above

appl i cat .uaﬁglydwateﬁép swehsspepifie epdodigneats: indged-naripromadificatans of theatepcrgted; ne
appl i cat 'n?&i% ?&Qaﬂ?ﬁgr&@th@ ﬁ%lubﬁwh?cqlnarg bbGdudBGHIE Rk e niiﬂlgle%ﬁ%r biology
manuf act Urer s instracti ons of catal ogues for any products cite

ment i onedr related €ibldefard inendgploi haatmtlunﬂleasudpqa@ﬁthe\tlalmmd in any of t he
application cited docunents, are hereby incorporated herein by reference.
Furthernore, all docunents cited in this text, and all 25 docunents cited
or referenced in docunents cited in this text, and any manufacturer's

i nstructions or catal ogues for any products cited or nentioned in this

text, are hereby incorporated herein by reference. Vari ous
nodi fi cations and vari ations of the described nethods and system of the
invention will be apparent to those skilled in the art w thout departing

fromthe scope and 30spirit of the invention. Al though the invention has
been described in connection with specific 62 preferred enbodi ments, it
shoul d be understood that the invention as clained should not be unduly
limted to such specific enbodi nents. |Indeed, various nodifications of the
descri bed nodes for carrying out the invention which are obvious to those
skilled in nolecular biology or related fields are intended to be within
the scope of the clainms. WO 2011/ 123064PCT/ SG2011/000128 63 CLAI M5 1. An
assay apparatus, conprising: an assay card conprising a substrate having at
| east one conpressible reagent reservoir thereon, each conpressible reagent
reservoir containing an associ ated reagent and each



5conpressi bl e reagent reservoir being coupled with a reaction chanber
operable to receive a test sanple; and an assay card controller conprising
a conpr eswoQuimesdsani sm oper abl e to conpress each conpr egsisgher1reagent
reservoir to cause each associated reagent to be injected in a

predeterm ned order into said reaction63hanber to react with said test
sanple. 10 2. The assay apparatus of Claim1, wherein each of a plurality of
conpressChbAmy eagent reservoirs is |located at predeterm ned | ocati ons al ong
a predeterm ned actuation path along said assay card to be followed by said
conpr essl.on n&chssay spparat8s, chhmprisipgay apparatus of Clains 1 or 2, wherein
said reaction chanber is |ocated along said actuation path and those of a
plurality of ¢o I rom
said reacti onﬁlc%p%%?a g+ o%%ﬁg%gg& basgrfglgglta Y@% §leldﬁ%gl[r3 g%@%é@%é%ﬁgt I{%g@g%labl e
injection of theos,catlecdompraguibit scagentaeserit mnlng ag assciptedrraddent/aralf each
conpressi bl e reagent .reservoirs | qcated c] qsest to sai¢ r%acti on ,chanber.
4. TRe assay SWFpRApsstbleregeentresemoIrdeye opuplzh syl anrea‘ft‘qnecg’@{n PUPEBDICessi bl e
reagent reserpyolitS, dlsEsdnfifidlfd at the sane predetermned |ocation along
said actuation patﬁ to enabl e 20sinul t aneous injection of associated
reagents into f

precedi ng cl al maasls éear?(gfééld@gf g as %rm (gn%%%ﬁ@f@%aﬂg e%?ab?fe%cioﬁfbét port
coupled with @ahdonnpfeeilblerrezfgaatnﬂamrv@ﬂd) @psy edoh @sdooiatedlaeagent ®diednjeetst! in a

sanple. 6. The assay ar at us any re edi n cla nprising a vacuum
devi ce oper ab?'€ dteymy B‘?ﬁ&ﬁ?ralfl@ %1 @%Hq %rsté’ﬁ t&’l‘tlh§3‘iddeqtﬁ"i“8PIeport to
assi st receiving said test sanp 7. assay ai)g,ar atus of CI aim 6,

wherld n Bai d Vhecassa apperatus Qf&%wm 5éeheaeme§¢h IRl R soB EsBibE 1eage v oi r

Fece vo 'ssrepiPERTRG I bt e BTN et g Pt 1Sl B P RE ooy
appar at usiddssanyarp tebefbilloged baisad camprassion ssicbamsmer of | ui di ¢ channel s are
sel ectively sealable. 9. The assay apparatus of any preceding claim

wherein gaid fss I ;
forma | %m na e ?ycfp ?1%0%% ed 1%1 sla(l)r eet%s %@#éﬁ%ﬂoﬁé}aﬁrﬁ%ﬂsﬁ?%{ﬁgﬁgw ng
sai d pl waid adryatoh pathgadahsschif @ pheaalie o cbnee&mblle rreageﬁmesbrmesclbcawd furthest
15 away from said reaction chamber along said actuation path are compressible to enable
injection of associated reagents prior to those of said plurality of compressible reagent

reservoirs located closest to said reaction chamber.

4. The assay apparatus of Claims 2 or 3, wherein at least two compressible reagent
reservoirs are located at the same predetermined location along said actuation path to enable

20  simultaneous injection of associated reagents into said reaction chamber.
5. The assay apparatus of any preceding claim, wherein said assay card comprises:

a sealable inlet port coupled with said reaction chamber and operable to receive said

test sample.

6. The assay apparatus of any preceding claim, comprising a vacuum device operable to

25 generate a negative pressure at said inlet port to assist receiving said test sample.

7. The assay apparatus of Claim 6, wherein said vacuum device comprises a resiliently
compressible reservoir containing a sponge in fluid communication with said inlet port

operable to receive said test sample.



chanber and said mcrofluidic channels formed thereon. 10. The assay
apparatus of any preceding claim conprising a heating el enment provided on
one of sawo8heesssoperable to heat said assay card. 1pcrEogoassays
apparatus of C aim 10, wherein said heating el enent conprises an electrical
10heating el ement and sai d assay apparads conprises electrical contacts
operable to power said heating elenent. 12. The assay apparatus of any one
of O aimB.2 tIhthssayptupp@riatus Dty preoqlifsslhion wiediasiid micofiuidicesnnds b | er
operable to nove relative to said assay card, along said actuation path.
1513. The sglestavelupRatabit us of Claim 12, conprising a secondary roller
operable to nove relative to said roller to conpress predeterm ned areas of

sai d assay carfhe abéy Hpparatsay a@?@_&@ﬁﬁ@cl&ﬁn,‘aﬂﬁr@ﬁ esiedksag caldaiomprisber ei n
said assay card conprises mcrofluidic channels routed to said

predeterm ned areas to. enabl e sel ective conpressjon of sai.d mcrofl uidic
Channel s, 2018 ISP HEMEELE By MR 6f on SPeT 214 s i of n
sai d gssay carflriRplas@d h&inE UPplusARy oPcdiftbistllé Riag@ReERR)ofs! QidRhtticpeed
of novenent said conpression nechanism al ong said actuation path. 16. The
assay appar at whawberang spidanietithidie chanmelsdompad thénagn.an i ndex det ect or

operabl e to 25detect an indexing nmechani smprovided on said assay card to

produce di. | eddte assny apparttuslof snygprteding ¢eing rcompdeidg tadiestangkleroartrppdiided on WO

2011712 3%%%% se{iﬁ? %e%%s%p%?a%}ezt% heat said assay card.

11. The assay apparatus of Claim 10, wherein said heating element comprises an electrical
10 heating element and said assay apparatus comprises electrical contacts operable to power said

heating element.

12. The assay apparatus of any one of Claims 2 to 11, wherein said compression

mechanism comprises:

a roller operable to move relative to said assay card, along said actuation path.

15 13. The assay apparatus of Claim 12, comprising a secondary roller operable to move

relative to said roller to compress predetermined areas of said assay card.

14.  The assay apparatus of any preceding claim, wherein said assay card comprises
microfluidic channels routed to said predetermined areas to enable selective compression of

said microfluidic channels.

20 15.  The assay apparatus of any one of Claims 2 to 14, wherein said assay card controller

comprises:

a controller operable to vary speed of movement said compression mechanism along

said actuation path.

16.  The assay apparatus of any preceding claim, comprising an index detector operable to
25  detect an indexing mechanism provided on said assay card to produce at least one control

' signal to be provided to said controller.



65 17. The assay apparatus of Caim 16, wherein said index detector is
operable to detect a plurality of indexing nmechanisns provided on said
assay carwotoipnsgyce a plurality of control signals toprbe/sgromiodedsto said
controller. 18. An assay nethod, conprising the steps of: 5providing an
assay card conprising a substrate havin§3a plurality of conpressible .
reagent reservoirs, each of said plurality of conpressible reagent

r eser voi rld. corihgiasday gpparatas 96 Claamd @, wbagorsaidindeedattetafis spérdblpltaidetkéttay of

conpressi bl e.reagent. reservairs bei coupl ed mjhg a reaction chanber

oper ab o st SE AR e FREhH S pEFIdH g p sy Sk odubditEe i P o
of conpr egsaRkltebé pRGRIRY th S5@LYRtdIRr.t 0 cause each 10associ ated reagent to be
injected in a predeterm ned order into said reaction chanber to react with

said test sanple. 19. An.assay. card, conprising: a substrate having at
| east onégconﬁybgﬁg%wghP%dﬁ@H%”F@§@?$8W¥BYeach conpr essi bl e reagent
reservoir 15contai ning an associ ated reagent and each conpressi bl e reagent
reser§oir bei peovidingbedssay chrdaompaising arsubhigudietvigpeplakdliey dcongiedsite a t est
sanple. 20. An assay card contraller coggrising; a conpressi on mechani sm
operabl e to cEASFRLESCRYOIISe Oéﬁ%‘dé’g‘ﬁﬁlﬂte‘é Poynarepblg appgentrgseruies Gpgtaining

cont ai ni ng an ,398Q¢1atliGladeRALRINTacRHPWIE r éﬂfg}{ g{'@ﬂ%ﬂ%itﬁ@fc@g&ﬂ 1ERHRGseach

associ ated reagent to be injected in a orderinto a reaction
chanber provi dedgonugled withsigasctioarctamberropaeblevtp réceivetastsst ssmpiel end

compressing each of said plurality of compressible reagent reservoirs to cause each
10 associated reagent to be injected in a predetermined order into said reaction chamber to

react with said test sample.

19. An assay card, comprising:

a substrate having

at least one compressible reagent reservoir, each compressible reagent reservoir
15 ‘ containing an associated reagent and each compressible reagent reservoir being

coupled with
a reaction chamber operable to receive a test sample.

20.  Anassay card controller comprising:

a compression mechanism operable to compress at least one compressible reagent
20 reservoir containing an associated reagent provided on an assay card to cause each
associated reagent to be injected in a predetermined order into a reaction chamber

provided on said assay card to react with a test sample.



