WO 2012/ 049465PCT/ GB2011/ 001487 1 Assay Device The present invention
relates to an assay device for use in determning the presence and/ or
anount ofwe pmrapeal ar anal yte in a liquid sanple. The PovER20OMOMBS 5
particul ar (but not exclusive) application to the analysis of biological
sanples and is particularly useful for nedical diagnosis applications. The
device may be used, for exanple, for analysing a liquid sanple (e.g. a body
fluid such as blood, urine, CSF or sputumor one prepared fromtissue, e.g.
by honpbgeni sation) froma patient to determ ne the presence and/or anount
of an analyte, e.g. organi sns (bact #5538y D8Xjc®site 100r virus etc) which are
foreign to the hunman body or the presence of cells of a particular type
(e.g, turour cells), thereby providing a diaghosi.s ?f a nedi cal condition.
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20 interpretation of the results ( this is true particularly when g PCR is the test system) that
are obtained and if not performed correctly can produce misleading results since any
nucleic acid amplification system has the possibility that it can produce a mismatch that
once formed resuits in an amplified negative ( abortive) signal. Furthermore such
methods frequently require lengthy gel development steps or column separation steps
25 to obtain the result, which may then require skilled interpretation. Consequently some
considerable time may elapse between the time when the sample is taken and the
result is available to the medical practitioner who can then prescribe any necessary

treatment.

30 It is therefore an object of the present invention to obviate or mitigate the above
mentioned disadvantages.

According to a first aspect of the present invention there is provided an assay
device for determining the presence and/or amount of an analyte present or potentially
35 present in a processed liquid sample, the device comprising:



to be assayed is introduced for transfer by capillary action along the
capillary tube to a downstreamregion thereof; 5 (ii)a collection of first
bi ndi ng paotznevm@desmobi | i sed within the capillary tube, peaigB2hiwmi4shi ndi ng
partners being capable of specifically binding to the analyte; 10(iii)a
col l ection of second binding partners displaceabley bound to a fraction of
said first binding partners whereby ther@ are free first binding partners
i mmobi lised within the capillary tube, said second binding partners having
a | abel and being di spl aceable fromthe first binding partners by the

anal yte to be detectegy ang cg,ﬁ],,g,ig\{g,@e ﬁi;,?,%c;d treSSi ?Qoﬁﬂ{m SARRS tabie has

transferred to said downstrea gl on sal capl ry tube, sai ,
detection regi on bei ng adajR kel a§$ﬁ¥§émm§0@%dd@ﬁtéaflséﬁcﬁlbé‘ capija actiemaionae

| abel on displaced second Ridhdisi@nPabé RES Sodidte p,arg@ohq@?§3ferred to the

20downst r eam r egi on. Accordi'ng to a secon aspect of the present
inventi®dn there is provided a nethod of assaying a |iquid sanple for

det er mi ni ng the presefge agd/ SillcBERH Bt iRk tﬁﬁwﬁgﬂ awh@rsprnﬁﬁ@aﬁseerwmﬁqnél ally
present in the sanple, the nethod nprisin € steps (a)providing a

capill ary tube having i rrrml§?ﬂ>'||%fédtupﬁel‘5éidnf' cQS'M"éQ:ti??(B'ﬁ‘e@f bﬁlnﬂsﬁaﬂtﬁbﬂﬂjmg

partners capabl e of speci f|55gg,ﬁdé"pb,ng,hggo {he dnifteanal yte, said capillary
tube further incorporating a collection of 30 Second binding partners

di spl aceabl ey bound to a fraction of said first binding partners whereby
there pye free first gm)ndl 'égsoﬂé’étkﬂ%'f§eéd%%dud§%d&é&bﬂaéé%le@%hhb@6¥

tube, said second binding partners having | abe bei ng di spl aceabl e
fromthe first binding par g Qj‘)ﬁal%@StakH&q"W Ea‘Fféﬁrﬁé"h&Eﬁcbé!é §;are ree fist

binding partners immobilised within the caplllary tube, said
second binding partners having a label and being displaceable
from the first binding partners by the analyte to be detected; and
15
(iv) a detection region for sample that bhas transferred to said
downstream region of said capillary tube, said detection region
being adapted to generate a detectable signal from the label on
displaced second binding partners that have transferred to the
20 downstream region.

According to a second aspect of the present invention there is provided a
method of assaying a liquid sample for determining the presence and/or amount of an
analyte present or potentially present in the sample, the method comprising the steps

25 of:

@) providing a capillary tube having immobilised therein a collection
of first binding partners capable of specifically binding to the
analyte, said capillary tube further incorporating a collection of

30 second binding partners displaceabley bound to a fraction of said
first binding partners whereby there are free first binding
partners immobilised within the capillary tube, said second
binding partners having a label and being displaceable from the
first binding partners by the analyte to be detected,

35



WO 2012/ 049465PCT/ GB2011/ 001487 3 (b) causing the liquid sanple to flow
from an U\Bﬁtz'f) &?d of the capillary tube to a domstrggw&}glﬁ@?‘&?of; and
f>2’?Eo“r he 0

(c) detecti'ng presence of the | abel at the downstream en 5t he
capillary tube. In the follow ng description, features described in
relation to the assay device of the inven%i on (i.e. the "first aspect") are
to be considered applicable mutatis nmutandis to the nethod ("second
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giving "fal se positives". The basis of the invention lies in the use of the
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relation to the first bindi . rs. The first is that they may be
hi ghl y 5pecific to the anal@?égﬁg&gzuqfeterm ned. Secondly, a fraction (less
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transferred #ﬁﬁo%gg?q%pﬁ%gﬁaﬁrt@%?{hé @%ﬁ“%?%dc‘%’%%ﬁer?%gi on where the |abel
wi |l ca@se a detectable signal to be produced. Detection of the signal is
confirmation that -t he rel ecul ar, ar L€ ) Lot t he
contrary, if the p thsgﬁf gévq%ngﬁ@?we}s%%o&ﬁg@gﬁf B%tﬁbé}ﬁe&ggi%%k?ﬁgﬁar( at
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consequently no snlana can bé generated at the detection region. wever,
in practice, bintingspartness bhe setend bindingrparpets thehpim displaceably boung therelei ng
anal ys (whi ' | : ' - D3kt t
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bi ndi ng partners that ave a secord ng partner nd thereto.
Consequent | ypamtnersidisplageablyvheuns themte Khenbibahths samplaia bapnalysad eiédint of

ﬁgCgPd bi ndi ga patital En;{PﬁQG‘%%tEbesi ?ﬁ&hgﬁé‘%ngg‘feeﬁi‘ili&é}:lé irfén?é%ﬁdffﬂ?ﬁdiﬁd ore
gnhal is geherated. the 1dealised cases described so far, it has
been 354ssumparindiafromathel (reniobilisesld fiest thindinanpartngrs Ard thexr(thensgeond peAnensk
detection regkops ifanstdired B 2h0 432N FWR? el 4QRR reflion where the labe! wil
cause a detectable signal to be produced. Detection of the signal is confirmation that
the particular analyte was present in the sample. On the contrary, if the particular
analyte is not present in the sample then (at least in an idealised case) there will be no
25 displacement of the second binding partners from the (immobilised) first binding
partners and consequently no signal can be generated at the detection region.
However, in practice, it is possible that one or more components in a sample being
analysed (which does not otherwise contain the particular analyte under investigation)
may have a low probability of displacing some second binding partners. Should this
30 happen, the displaced second binding partners will be “trapped” by one or other of the
fraction of the immobilised first binding partners that do not have a second binding
partner bond thereto. Consequently in this case where there has been some initial
displacement of second binding partners none will reach the detection region and
therefore no signal is generated. In the idealised cases described so far, it has been
35 assumed that labelled, second binding partner can only reach the detection region if



di spl aced by the target anal yte. However we do not exclude the possibility
that | abell ed, second partner displaced by species in the sanple other than
the targewoanelospesswi || ultinmately reach the detection PegiGB2011/00148Ri S
case, two possibilities may be envisaged. The first is that the sanple does
contain the target analyte, in which case 5 signal produced by | abelled
second bi nding partners displaced by thedtarget analyte will be much
greater than any signal produced by | abelled second binding partners
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Prefergbly the first binding partners are covalently imobilised within the
10capiTlary tube. The first and second binding partners nmay take a
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(i mmobi | i se S i ces
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RNA, nmRNA oy P e ucl ei c
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have a sequence ¢his’i
purposes of determining the result of an analysis, the detection regions of the “assay”

capillary tube and the “control capillary tube” maybe compared to determine the net
signal resulting from the former.
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20 conplenentary to a sequence which is characteristic of the target
nucleic acid. It wll however generally be preferred that there is a degree
of m smatwb 2befoesn t he sequence of the i mmobilised nuclPeiraGRroichoaesd t hat
of the labelled nucleic acid. This will ensure that the |abelled nucleic
acid is displaceable fromthe i mobilised nucleic acid by the target

nucl eic acid. Cenerally there will be at 5l east 60% but usually |less than
25100% sequence honol ogy between the imobilised nucleic acid and the

| abel | ed nucl ei ¢ Ryefegably 10-90% |by mile, crmre refesabln 5B178% byrmalepaf itemfirst (e. g.
bl 00d, Ui Ny Pitn8RHHBLoLAA BiRtif? A}%As&ﬁggﬁ%@toﬁw be one that is
characteristic of a part|cu ar orga acteria, parasite or
virus) with which the patient nmay be |nfected Thus, in this case, the test

is carried out asaaqé#s@qn&%wau BIE é.wa&h% phhﬁofnﬁét'mng aarﬁ{efré inqh@@aawaryhat

organism The target nucleic ac sequence nma or eXxa pr esent

chr onosonal téhe. dﬁg@mtaﬁrmﬂe mare @pkvsuliee@f wwn&w@w@aﬂna@.la thﬁa‘iﬁpld'@%thént hat

I s charact efperé iafe %é‘f%élgélﬁékt mtthé%ﬁﬁwp@é’(w seCqdnletated ¥Ihal may plateau (as
2012/ 049465PCT/ (3B2011/ 001487 e assay device Of the invention is
appl i cabl e ©¥P'aINgYMEBIrefersnca tafigd ‘?eéﬁYQe of medical conditions by testing
for the presence of a particular nucleic acid sequence (characteristic of
the nedical condition) present in a sanple taken fromthe patient. Purely
by way of exanpl € refeﬁ%blléé%i“ﬂebﬁi‘@ég W”B@ arfe covlentlyt igymetiiseg Wifin ghesence
S (or f herwhgsilary @fbet he or gani sm Nei sseria meningitides which is known for
its role in nmeningitis and other fornms of neningococcal disease. In this
case, the imobilised oligonucleotides (i.e. the "first binding partners")

may 1(3:2 sel ect e%ﬁ?@%st%@%%%éﬁ%ﬁ?g?ﬁ'ﬁ fakeldnumber of forms. Thus, in
GTTGOGGOCTGPTRSCPeRBRRAehe Y Blser et parners may comprise

GA\TGTGTTTGGGM@%'E@%EEE&CWA@M %rtners may alsBYeoidyis®f a
furthe exanﬁ’H t he assw}éq‘%‘ﬁ ({T@é nef nos Chlanydia in a
pat i ont® ik pekasiuenresivhitFed Bleeid| TR RIS BEiR deauanips MBYeobEse d
from t he f OIDINAVRNA, m&mmmwmeme&m {PhAdslidea rldleic
ACAGATACTGCCT.TCICTTGG
acid sequence may be one selected so as to be specifically hybridisable to (at least
part of) a target nucleic acid sequence which is potentially present in the sample to be
assayed. Thus the first binding partner will have a sequence which is ideally fully
20 complementary to a sequence which is characteristic of the target nucleic acid. It will
however generally be preferred that there is a degree of mismatch between the
sequence of the immobilised nucleic acid and that of the labelled nucleic acid. This will
ensure that the labelled nucleic acid is displaceable from the immobilised nucleic acid
by the target nucleic acid. Generally there will be at least 60%, but usually less than
25 100%, sequence homology between the immobilised nucleic acid and the labelied
nucleic acid.

In the case of a sample from a patient, (e.g. blood, urine CSF or sputum) the
target nucleic acid may be one that is characteristic of a particular organism (e.g.
30 bacteria, parasite or virus) with which the patient may be infected. Thus, in this case,
the test is carried out as a diagnosis of whether the patient is afflicted by that organism.
The target nucleic acid sequence may for example be present in chromosomal or
plasmid DNA. Alternatively the nucleic acid may be one that is characteristic of
malignant tissue (tumour cell).
35



ATCTGCAGCAGGTTTCGTGG 25CAGCCTGCCGTGECGTTTT ACAAAATCTTCTGATTTTAATACAGC TC
iiiii CCTAACACCGCTTTGAA AACACTCGCTTTGGATCGAGCTGIG 30As an alternative to the
use of nuwbebrv/meisd sequences, the first binding partnePCREGB200MOI483e an
anti body and the second binding partner may conprise a |labelled antigen or
a |labelled antigen/anti body conplex. The imobilised anti body which forns
the first binding partner will be specifBc for a target antigen potentially
present in a sanple to be assayed. The inmobilised anti body may, for

exanpl e, be a nonb assal devige p0the/ieDlGE RGHPRBDEID/DENESE of aawidé bangg.of

Non-1i m ti Ngn&XaR : - I | | ' |

i nvention a??a detI a%ﬁ%%&%e%%g%lq)R%tg%gpérfgﬂrrgéeﬁﬂ/}%&f&?%h% Irjg{% %ﬁ%é@rehp(g

agai nst Nei dskaracienstio rid they Megical\adaditionh presenbinr @ ssmplgi takem famnibe patient.

N. meni ngi ti [ o ' : | ' ' 0C13A
From B Lzger al o Shane etahbRoheMRbaPaRlicndF be BRE 76 Ueldmi € bredepcr -
the second BPhekhaQVisRiraliee orgapisn deissreaesingtiides whishps dsoown fanitanele den and
a |labelled rﬁpé}md n ' , indo@b&ls nogl Ni| i
MA020311 (Cat # i%-%fﬁw Fﬁﬂ%‘ﬁif;%&égnsdg’ thleelsee%%hdﬁbtﬁﬁ?i‘%aﬁg’ {Sgﬁﬁ‘ﬂg"rb'"% Schis
di spl aced byligeugiectidasl §tee {first bindingepantners  May bapgieasd fremt he conpl ex of

the antigen and the | abell ed nonocl onal anti body. Many ot her
anti bodi es are comercially available fromother suppliers to cover
ATTTTAATTACGAAGGCTACGCATT;

10 GGGACACCCGCGAAGTTTTGGAAGC,
CTGTCAGTTGTCTCGTGCATTGTCA,
GTTGCGGGCTGTTGCGTCGGAAACC;
ATGGATAAGCGCGACCAGTTCGCCG;
GATGTGTTTGGCAATCATGGCTTG;

15 CACAAGTGATGCGTCCGAGCGTAA.

By way of a further example, the assay device may be one for diagnosing
Chiamydia in a patient, in which case the immobilised oligonucleotides may be
selected from the following:
20
GAGAACCAGACTAAAGTTTCAA
AAAAAACGGTCAAAGCGGAGTC
ACAGATACTGCCTTCTCTTGG
ATCTGCAGCAGGTTTCGTGG
25 CAGGCTGCGTGGCGTTTT
ACAAAATCTTCTGATTTTAATACAGC
TCTTTTTCCTAACACCGCTTTGAA
AACACTGCTTTGGATCGAGCTGTG

30 As an alternative to the use of nucleic acid sequences, the first binding partner
may comprise an antibody and the second binding partner may comprise a labelled
antigen or a labelled antigen/antibody complex. The immobilised antibody which forms
the first binding partner will be specific for a target antigen potentially present in a
sample to be assayed. The immobilised antibody may, for example, be a monoclonal



15a range of pathogens. A still further possibility is that the
assay device of the invention may be for the detection of a particul ar

or gani smVe@.281204%4%8ct eri um) by virtue of the presence ofPCHUERPIWIASES
glycan on the surface of the organism Lectins are glycan binding proteins.
20 Both lectins and glycans are found on_cell (manmalian, bacterial)

surfaces, viruses, protozoa, cyanabacteri7a etc. Proteins with lectin

activity cone_ under different nanes, ,e.q. galectins, sel. ips etc. for
manmal i an cé‘f‘"%?dyadh'é’gi"ﬁ‘ét'qgo?x%’&@? roifa{T‘g'&c’é ng!e aﬂtt?%g I fn‘f'{%ﬁeﬂ@rf%ﬁe W &\.?ses.
Al so pl ant s irpetich drecietgiedbeewof a diverse famly of lectins (thousands of
menbers) that can be easily purified and used for cell glycophenotyping. 25
In such a device, for detecting a particular organismby virtue of the

presence of a spegifi Cldrect humber g MANOdghediom i rrittgeraldasegansta Neisseriai um

on its surfagce, the i bilised first bindin art ne ; .
pol ysacthar ia(%)é"ofr éo?/ﬁﬁ @ﬁgl? BROWS 19 g@gﬁql%@pﬁﬁ%@."Fﬁqg?gﬁfdsg,ﬁli/ ﬁ’?’?g’gé%’é%’?%”sof
bi ndi ng and of bthel Aoskémtspperend bi ndi ng partner 30 di spl aceably bound
thereto may (for exanple) be a plant |lectin capable of binding to the

pol ysaccharide but als bl e-0f i . di I om by stronger

bi ndi ng of the cetl |J@Fﬁgﬂ?’ow’%gﬁ%ﬁ%%ﬁg’é;%?@%%%?’8%%&{%7 8 For

t he purpose of detecting the |abel on the second binding partners that have
been di spl aced f rlorthe hasef ofr(2}, the seliond bindinghpartneamayr toaekaniplehke deacawiexon
region, ther : Vj i A (o]

capabl e of i°ﬁtag$¥é‘é'plﬁgh§malt ﬁggﬁé’%gﬁ‘g‘i‘&%gé{éﬁp’aﬁ' g&%g e(Mt% ggﬁgﬁasl?ﬁrﬁg . The
| abel th t hé140208htl (Gandi 1GCH3A) ner innths Basse ther seponchbinding partner is
system (in ' j - rd ; NZHTE.

Al ternati veltdli}%ta g?é ﬁgﬁégrﬁgll ge@g}t%p ?e?rggér(rgg?[ﬁéhéea%?pé diﬁ%sés({/nzélgxré ﬁg?/tagggr@rl se an
enzyne and tieelabellsdl morockorgldrgibedy.e for the enzyne. In a further enbodi nent

of the invention, the |label may be a "direct” label, i.e. one which
provides a signal itself without the need for a reagent systemto develop a
signal . 10 Many pthet andibbdies prepeanmercially @maitadl other supRlieTHPaoveon,

t he dejeect ah)l Pf(rjbag i | ight signal, nost preferably a col our change.
Det ectf%n o% rgngéo urthdé%g%ge at the detection region may be effected by a

detection arrangenent of type known per se. This arrangenent nmay be one

whi ch detects refAﬁﬁFﬁﬂhﬁF pc;srs%ﬂ%tﬂhﬁqhé Lgdly lecetd?ﬂwel?v&Hi'bH‘ﬁfy (¥ for the,
determ ning the colour change. I'f the assay device includes a “control

capi | | ary widetections of isaparticulrst erganion (eddyihagttiymy he virseet the presansa b fent
may make me Cdsl [sPS| & birgna oroteins.
capillary t3%&&2%5@@%@@&)&%%%&%6??ng‘raa?sﬁﬂbléégggg‘ég%%gfhe ‘t heg?bé_osﬁllnts sto
det er n2the t HRothiactiohand @lyseosiatetpupg arheelgrammalian (bpgtejial gedacesgviruses,

e uaed SRS A eERa B8, ERAGHEG) Myb R Rt ot on
second bi ndieg pahept,im; selectins etc for mammalian” cells, adhesins for bacterial cells,
hemagglutinins for viruses. Also plants are a rich source of a diverse family of lectins
(thousands of members) that can be easily purified and used for cell glycophenotyping.
25
In such a device, for detecting a particular organism by virtue of the presence
of a specific lectin (e.g. an adhesin in the case of a bacterium) on its surface, the
immobilised first binding partner may be a polysaccharide to which the surface lectin of
the organism is capable of binding and the labelled second binding partner
30 displaceably bound thereto may (for example) be a plant lectin capable of binding to
the polysaccharide but also capable of being displaced therefrom by stronger binding

of the cell lectin.



(Suﬁst _r?te_ for signal generation Al kaline Phosphatase 1 2 D oxoet ane
chem | um nescent) D luciferin-O Phosphate (Biolum nescent) BClP/ NBT - Bl ue
col our HoWQez‘”rzéPd?%ﬁﬁ per oxi di se Lum nol Acridinium Ester P%)%Bls‘{qﬂé‘{sé

Required - AcridiniumEster is a direct chem | um nescent |abel WO
2012/ 049465PCT/ GB2011/ 001487 9 Devi ces in accordance wth the
I nvention will generally be prepared frof a substrate (preferably

pol ycarbonate) which is produ i t -1 d NNE '
covered) provide 'f‘!’féh% BH’E’PF%P‘\;;‘?%%%HQ&%‘%EQW@qggggﬁoﬁgtabmp%@eﬁl gé‘\t/“ehggt 0
g;{/gfgdl [rgvgjggh %pﬁép?ab@d gffon{ tre f}‘r?trtsﬁdirhg ﬁﬂr’trfegs pad teaehed theddetértion egiore|therehen
ete tne capi [ at hways. ' ] y
OO e B, o e R el S syt et hep B F R IR € e
é?V?L g O:Jf] g Lﬂt‘r_@mbbl ?ﬁgeinéﬂaté:BGM&?bieﬁﬁgm%Thmlabelmh the secongdrigdding partrenbedi nent
% I on, e surfgce of the trate . t :

ree thbol  greodpergimergid, e raaplt STRBALL oy e ReldiSRigion) o RahBicds | |
; ?gu; u (r) ]1: a;:ﬁ @E_sgrég_@ fsru{ra.ata{nayrae.a Adtewtatiodly g@lgho'u@le resk eprefeaed)etie ieaderasystednno

e bindin artner to i Ll wh
substrate i @%P%H’?ﬁ?ﬁﬂ%ﬁ&?“ﬂ%@‘g%%‘e‘g a?lngﬁleb%ltr?élegp; 0%58@& Fat ?'E)% @Eg%rt i on
g 3 BSZZ ut Ot ni érg@do?narﬁtmmd iﬁve{]ﬂiomnsi Hbel hay pe by disct dateed,é)e. b Whink grdyides a

ent reducti 10 nvert .t i t L:

subsequent |y Reelorg (PR AeE! (s miather Snpm eons e Y e o oup o
term naped, at one end, with a thiol group and, at the other end, with a

group capabl e of react.i wth the amn r “ I JoSci of
oot ey are o ol B bGPt B3 R 155 giechbledere
a light signal, most preferably a colour change. Detection of a colour change at the
detection region may be effected by a detection arrangement of type known per se.
This arrangement may be one which detects reflected or transmitted light for the

15 purpose of determining the colour change. If the assay device includes a “control”
capillary with associated detection region then the detection arrangement may make
measurements at the detection regions of both the “assay” capillary tube and the
“control” capillary tube and compare the results to determine the net change produced

by the assay capillary tube.

20
Examples of labels that may be employed for the purposes of the invention are
included in the following table (Table 1):
25 Table 1

Label attached to second binding partner | Substrate for signal generation

Alkaline Phosphatase 1 2 Dioxoetane (chemiluminescent)
D luciferin-O~-Phosphate (Bioluminescent)
BCIP/NBT - Biue colour

Horse radish peroxidise Luminol
Acridinium Ester No Substrate Required - Acridinium Ester

i is a direct chemiluminescent label




A further exanple of immbilisation chem stry that nmay be used is disclosed
in US-A-5 910 406 (Tepnel). 25The invention will be further described by
way of exwsiopbe/@meéf with reference to the acconpanyi ng @#CaGB296L/001437Whi ch:
Fig 1 schematically illustrates a first enbodi nent of assay device in
accordance with the invention; 30 Fig 2 illustrates use of the device
WO

shown in Fig 1 detecting a target nucl ei @ acid in a sanpl e;
2012/ 049465PCT/ GB2011/ 001487 10 _ Fi_g , :
second enmbodi mentDeYicesd8 ArcaiEiane With the Joyentipe itoenerd

with the invention; |g- scherr@ltically Il lustrates a
produci ng aWhEddwper eovered)Riovde Biean

| di
avRatimvavse TinRseRET AR W%‘éﬁr%?%

4 schemat i cah{?% il ust rgt es a
B rRIERATRY AL 8 ¢ 5
i's a schemakjgstike \preferdbly I@bryd%mamd) Waidh Rf pRgaead WRN i dpenitbprel erdhmare

f or
fo

| | [ ustrat es efedtUniitiisBiBI08] RRMirsPbinditg paHHRA bR thél@Rannels thehi gbvEregnews
pl an and side vijews of further enbodinment of an assay device in

a
accor dance WPHRleteBeicapitay PgHways: Reference is firstly made to Fig 1
whi ch schematically illustrates one enbodi nent of assay device 1 in

accordance with the invention for,_anal g_si s of aliquid s

the presence thefteisrprefergd dhay bedfirscPy

| det
P Ravnet, e, SorRlengY Boded i,

rm ne
ing a

particul ar sgguapameof bases. The liquid sanmple may, for exanple, be a body

10 Various immobilisation chemistries may be used. In a preferred embodiment of

15

the invention, the surface of the substrate is treated so as to have free thiol groups (-
SH) which are connected by means of a linker group to the surface of the substrate
and which may then be reacted with an amino group of the binding partner to be
immobilised. In the case where the substrate is polycarbonate, there may be an initial
nitration reaction (so as to nitrate aromatic groups of the polycarbonate) followed by a
subsequent reduction to convert the nitro groups to amino groups. These may
subsequently be reacted with a compound comprising an alkylene group terminated, at
one end, with a thiol group and, at the other end, with a group capable of reacting with
the amino groups. Examples of this type of chemistry are disclosed, for example, in

20 US 2009/0181442.

A further example of immobilisation chemistry that may be used is disclosed in

US-A-5 910 406 (Tepnel).

25 The invention will be further described by way of example only with reference to

the accompanying drawings, in which:

Fig 1 schematically illustrates a first embodiment of assay device in accordance

with the invention;
30

Fig 2 illustrates use of the device shown in Fig 1 detecting a target nucleic acid

in a sample;

Fig 3 illustrates the manner in which the device shown in Fig 1 avoids “false

35 positives” in an assay procedure;



20 fluid sanple froma patient (e.g. blood, urine CSF, sputum or snear any
one of which may be diluted as necessary to an appropriate viscosity) or
may be orwopnodyesd froma tissue biopsy (e.g. by honogenirgm20ompi48rom a
patient. The sanple nay be one that is to be tested for the possible
presence of a foreign organi sm(such as a bacteria, parasite or virus)
having a particul ar nucleic acid sequenc® which is characteristic of 25that
or gani sm The illustrated device 1 conprises a capillary tube 2
(having a capillary bore 2a) associated with a sanple receiving station 3
at its upstream e@d4a§@1eanéﬁeé|§cmu9t?até@ga @R cdncf tenboBintkitnstt aesy @ddee in
Typically the capillary bore 2a will have a cross-sectional size 30 in the
range 0. 1- 02¢hpFRaneaWithhginkenti®Rei vi ng station 3 and detection region may,
for exanple, conprise pads of absorbent material, for exanple, Watnman
filter paper or Wiatman Grade G-/ B d ass Mcrofiber Filters, saturated with
a buffé to mainf'@ihisa sehematic Vg ¢fia @HQF‘H@P@W%‘E Ptasspy de¥se MHREOFNEPhat e
buf f ered salithéhe ihferitibg assay device is intended to detect a nucleic acid
then the pad may contain a hybridisation buffer (e.g. 352X SSC (300nv

sodi um chl ori de 30mM sodiumcitrate). Formam de can be added to WO

2012/ 049465PCT/ @%Oéycﬂ%é&anylmu&@ﬁh@s% RiIdig FRrasBeYciYy aRYdvshyligeaice an (for
exanpl e <509 . _The arrangenent is such that |iquid sanple introduced at
the sanpl e PEOEIAPCAYIELRR NN s able to pass into the upstream end of
capil lqary bore 2a along which it then travels by capillary action to reach
the detection reg,i Q7n 4. 5 - Provj ded og}/er, an .ulg_stream regi on of the
capi | lary bore 289i/dllustiatas afurthenerapodimeny ol the iPweida &S gonucl eoti des 5
(the "first binding partners”) that are covalently imobilised on the wall
of the capillary_baore 2a. These qligonucl eoti des have a sequence, whi ch has
1009 homol ogy w1 E-ShSus RieRand wi NEWSH Gdrthat raodingnt af palageavadelise n

t her ef ore cagmbdancelvithesinfésahl y hybridising to the target nucleic acid)
whi ch i.s being assayed for in the sanple (e.g. the nucleic acid that is
charadPeristic of a particul ar bacteria or virus). For sinplicity, the

ol i gonucl e?ti deSREfefiefnlﬁ%eStsOWf’st@S ni@@lgngo aﬁigam?@dichnsmmmighm/ Iuiusga&bop@et he
interior of the capil/lar ore 2a but it wl e.appreciated that, .in

b ot | ce, _opTBEHTERL R 8ice Fim Sebordanahih BSirHERIATSRAE Al 15 e
capil I ary bedreplé %o datepiithel the présedltd) tdrein oharmaleingeid Greetaagdthuclae acid’)

ol i gonucl eotides will conprise % se%ue ce of 15 - 40 b?ses. T eﬁ c%n be
bonded to t RRVIGPPATIGHIS" %“&P% PasfRi 1heliaud sample mry, 1quexgmelg.pe a body

ol i gorzacl eofiiideamprURIN @patibhitc(e.gaibdodapdid €SP sgiaga iof smaht Jnyome bhghit®

nucl ei ¢ aci ds \ghi ght gre charactteri stic of or.gani s§ms are known gnd re

avai | abl e fP8HPGAH'UEE 8 SCETRAVAS ABANRIRE LGS S LY) (R L1 5 Qi i TrREp
dﬁscri bed heltissuea?ib;lsuyu(gfg. aybafr:egemﬁaaminlf 'erm@(pmhl es"gm eargbleen?etbesenmwae in
t he present. cificatdon. ... The oligonycleotides 5 may he present over
about the. fErBioeesieRrtor fie passig, pFerer 5Cd ivielo, oBTrE GUchdt BT al ues
are possi bl parasite o Vitush) @adnglal partilarmucleic acid gequldhcB0hict2s characterighiarof her
provi ggd Wi%h' n the capillary bore 2a is a collection of |abelled,

singl é¥stra d %fgarl"F'&)nucl eotides 6 (the "second binding partners"), the

| abel being indicated by the "" synbol. 30Label |l ed oligonucl eotides 6 have

Sone sequence ho‘ﬁ% ﬁl%ragéjds 51§)ic|ey 1 gcgm;lbr?s%gta c%%illary tube 2 (having a capillary bore 2a)
associated with a sample receiving station 3 at its upstream end and a detection region

4 at its downstream end. Typically the capillary bore 2a will have a cross-sectional size

30 in the range 0.1-0.5mm. The sample receiving station 3 and detection region may, for
example, comprise pads of absorbent material, for example, Whatman filter paper or

Whatman Grade GF/B Glass Microfiber Filters, saturated with a buffer to maintain a

particular pH characteristic, for example phosphate buffered saline. [f the assay device

is intended to detect a nucleic acid then the pad may contain a hybridisation buffer (e.g.

35 2X SSC (300mM sodium chloride 30mM sodium citrate). Formamide can be added to



% but generally less than 100%9 w th the i mobilised oligonucl eotides 5
and, as depicted in Fig 1, are hybridised to the inmmobilised

ol i gonuclwotntbes94s That said, the nunber of | abell ed olPCHaIR201180148des 6 i S
only a fraction of the nunber of the imobilised oligonucleotides 5.
Typically this fraction will be in the range 10%to 90% 35by nole ratio.

Al'l | abelled oligonucleotides 6 are hybrildised to an i nmobilised WO

2012/ 049465PCT/ GB2011/ 001487 12 ol i gonucleotide 5 (there are no free

| abel | ed ol irefneadhestiingrncg of RyRrigisatiev (feiegxapple £5EeR - | Shenargansesnt BEUEDN of

| mmrobi 11 sed yoli '11998%5 %tlhﬁi&ﬁlc'éd‘@f”t@%a?ﬁﬁe rrefcre%g dt8tidn 8 isSEIS ééb%tl?]tbhﬁé’ do

not have a | abell i gonucl eoti de hybri dised thereto. It is 't
proportion @PSt"qat"EaG"dqurﬁBi”PrYs@decﬂal @i@'f*&uéﬂhéfﬁt'ﬁ éf@é‘ avgls Bn CQP'BaWrﬁ%iP‘E &t in
t he devi ce @ RRY 88kctidrAk§iBn aP0si tives”. The manner in which such "false
positives" are avoided is described in more detail bel ow. Purely for
t he purdoses of explanation, the sub-collection of imobilised

ol i gonucl eot i des poyifd b\;’réfld?ﬂud»sﬁwaH zegldal bfgmettvabmaw sse & tay@rcbméoﬁs.ﬁi of

thereto is shown as 10bei ng POSI'[I on downstream of the renmin

i mobi | i sed 56‘9@9%'??@8?@(5’(“9% eotides St e efimbPindipgl B@'@Tqr%bl thati @fSn%ﬂa@@ﬂY des 6

hybridi sed §hebsili®dd on the wallBbf e E&JiRNE Hofe PES Wﬁ@é% aifdnacieStideSendigt #ct i on
region 4. At this detection region there is provided a reagent R that

wi Il i nt er a8BAYENER Whitd hagHo0 % Romaipgy, wifed swepﬁ%m 5 t?’&ﬁteﬂq"&bl: acid (and is

ol i gomyr| eotneflErdreSefgabRSoft gpeem@@wqe;bad.eﬂg e6 tu@éo{ae%étl riieRic a&'dibuﬁh:crﬂ ® bax@rml e,
the I abel "*" on Iabelled ol i gonucl eoti d e an enzyne

det ecti on r @§FYRYifRAC By {h6rsamRle e guﬁ@t'i%leéc F‘Ei? t%/fﬁe's éﬁi&f’ﬁ?”“ﬂ%@faﬁcﬂ?ﬁi%@f i on

of the enzypBctanslosHRES.r BérasirSliciyl tﬁélsltgohb@éotaeglstae@tﬁmreaﬂaﬁ@brra@ed n
produced. Al though not illustrated ction station

associ at ed \ﬁist”lgl%l"'&’e?'@% "'@rf“'ﬁ‘P'éﬂfg‘BFr&ﬁP”'%&Ga[ﬂ i’ Byt 'H\é!‘ﬂ'é’@t?pr‘?éec’aiﬁd f"i"i’é "i’ ype

of signal geneied, Qﬁﬂg&wddﬁl@és’:\sb\mpﬁe afraﬁdw Boabaiouaa tied wamaumleQﬁbmd@sOoﬁe and
the re ent at t det ectj on re

ed e ts of the
i nvent 1 £Re? gjtu ’é?{'é‘rtQFr@& 9 a stE;‘Ff?Eys 8 90&“8'1’385"%@‘9 LCXWRBE 2
Changed Det ¢6dueme of 1§ uaio b’@asésﬂ Dhey CIndiRgsO N8y tddbe RppiEany either taéir 6tdrex,
mtted or trans tte

t. 25The detecti e, vari.ous
For s Thus €0, Mk sro O SR GReaFoS S S8 carptle SorptsTEan RIS
i hrrpr egnat ed td\hllidkr:& bgdé #ABRAke EharkiQuwalie of brgamisiie afe Ilﬁ'lfcﬁfrﬁrfdeaie levigmdlerfmm ~of
the invention, the detect ign c ses or .t i t ai ni ng
liquid or fd3lePases sUCh 35 é@'ﬂ?ﬁ”f’ﬁ%ndl%e ?ﬁ?@’%ﬁr%ﬁtgﬁ%ﬂ d@ﬁﬂgﬁpﬁ]@ vi ce
i's cordg gur esly sgedfitadxaimpresldrélgiven tRailhdran thepedwedt sgeifieatibnof the Capl Ilary
pat hway 30is di scharged into the well so that the |abel on any displ aced

bi ndi ng partner can react with reagent R and produce a col our change for
det ecti on. The oligonucleotides 5 may be present over about the first 25% of the length of

the capillary bore 2a but other values are possible and will generally be in the range

10-90%.
25
Further provided within the capillary bore 2a is a collection of labelled, single-
stranded oligonucleotides 6 (the “second binding partners”), the label being indicated
by the **" symbol.
30 Labelled oligonucleotides 6 have some sequence homology (usually at least 60

% but generally less than 100%) with the immobilised oligonucleotides 5 and, as
depicted in Fig 1, are hybridised to the immobilised aligonucleotides 5. That said, the
number of labelled oligonucleotides 6 is only a fraction of the number of the
immobilised oligonucleotides 5. Typically this fraction will be in the range 10% to 90%
35 by mole ratio. All labelled oligonucleotides 6 are hybridised to an immobilised



The manner in which the assay device 1 illustrated in Fig 1 functions to
determ ne whether or not a particular analyte (in this case the target

nucl ei c awodofo4sd635parti cul ar sequence) is present in &CriGRO/®a3pl e to
be anal ysed will now be expl ai ned WD 2012/ 049465PCT/ GB2011/ 001487 13 with
reference to Fig 2 in which the sane reference nunerals are used as in Fig
1 to denote the sane features. For the pdrposes of Fig 2, it is assurred
that the liquid sanple 10 to be assayed has been taken froma tien

i nfect ed wi Pligoaugiastidec Al (Hierepgin o8 lakelfs; dligonyrieatide §dp t%é%?eé a&%h&rq s

present a”dlstﬁgu@éé“l@ thdiiieé‘i" |ﬁlﬁ1033|hb§d b%o@uﬂéﬁ@&ude@ ﬁ\ﬂhlgﬁfa%:tfrebhﬁh HE RERKCHaDT
that nucleic acid emat i cal depl cted reference nuneral 11) an g

hence confi feyidef f‘?‘@na Hbe{’%o’tgaf'il@?ﬂt'dﬁﬁ '?YI‘?QF'SG‘? Hergtendt isr HU%PFPH‘E“'O” 0

| mobi | T sed«gglgh ma&h&etdue&ﬁmﬁeohayses mcau%?&m\;mq@d ‘@mé duvtde th b%v@h‘ﬁfﬁéeﬁ aci d
strands 11 to be detected. 10The |iquid sanple be anal %/(gﬁ BI S sh wn in

Fig 2 & bePagtivespl iTe rﬁ%nrtﬁ'd’b@’hﬂ%‘ By §%{§ﬁ)lp€3'?‘@@elaﬁ Ayeid FCHDEG din
where it pagesqéthi Belble upstreamend of the capillary tube 2 and then on
to the detection region 4, as depicted by the arrow. Nucleic acid strands
11 will displace | abelled oligonucleotides 6 fromthe 15 immobilised

ol i gonucl eot i despgelyo fathtneh plifpR¥eslof énpth'nladcbrseme diti-soliecticn of ni@ehobBlisédhe
fact that the | abel l'ed oli gonucl eoti des e956 Eﬁﬁe 100% s&)guence

horol ogy wi PhgonHelestides §inot @ﬂn%iapemﬂilse@ﬁ idiged thergiods ghown as

pref ergnti abbing %§|ﬂ$r%aed1)mhﬁétréé\hgﬂhé1#éﬁ{aﬁilﬁg frhébillskd RligsRRIectitest (6. hasw! e
whi ch does have a sequen % honol o%g@&o that of the imobili sed

ol i gonucl eohp\eglagell r%sgwwe@tlﬁ%%@gvbfmﬁ?ﬁé‘? id 20strands 11 becone

hybri di sed to the i mobilised oligonucleotides 5 as shown. Di spl aced,
| abel | ed ol i gonugl eotides 6 that have passed beyond the do tre nd

the col | ection o%”?frﬁﬁ%‘?@qes\gﬂs quaoqmggé%ghedggte '%r@g@ar‘f 2@%3?/ d%PF]@
capillary ff thHeFte;stpumdeZi 4 Rabbst Rlﬂaewmumérabagmmecﬂawner ﬁrdvided loaltted (on
the 25 oli nu%jlteotld andthe rea ent pgﬁc;l%? ffectlon regi on
4 (caphbl e &oell %’IQQEF??@dﬁPIShS"t A% 19 B ,.u/‘e f”d{? B'PB%'UC LEXRTREI e

si gnial \ani C bheclabél i *":jw\ Ibﬂi‘@leﬂroﬁigmd oﬂﬁ% Bhsamwh.ee?zm ginds theadvedectib® reglorlt hg |
sanpl e bei ng assaye I N ef erred enbo S t i nventio e.l abe
and the reaCRPOTIIFS P S‘t"b’ﬁ ?1{91' thegay e o°°H}L‘leﬂ?i8'% °gt%|eieé‘ﬁ¥m§ iaaﬁsf’é%re%? cted
g?aner ally aP?Ia@ subllilﬁ‘haflrﬁ aétleﬁttableoﬁlgm OsilpﬁdduOéU doA\twmigbfhowlmgraﬂee hinlf_ﬂglded for
el ectronica to confiymthe res e di agnosi s iptensity
of the si gnQP %Hoé'd{ ‘frVn%U é%%ﬁ% Wgﬁ t#‘?g e ?ng(?f“eﬁﬁf%pca\.?fe %d%ecp%el | ed
ol i gomgeel eomed@p@ oceignargsﬂ\emed bg imeribion of thevdbet oh etigafucteatiges 6 and Ites c
acid in the sanpl e, prqvided that atter d not..exce
For the 35pfﬁﬁ§gg%§ tre)%)dejegqonﬂggl?n éd1i Rrﬁi‘eérr?gﬁ"bq? %ﬁeé}t%?ft %g\vgﬁitwbﬁ%ee S?% { he
assay devi cgederafe@ws d fight signal preferably a colour change. Detection of such a colour
change may be by means of reflected, emitted or transmitted light.

25 The detection region 4 may take various forms. Thus, for example, the region
may comprise an absorbent material impregnated with the reagent R. However in a
more preferred embodiment of the invention, the detection region comprises a well or
the like containing liquid or freeze dried reagent R. In this preferred embodiment, the
device is configured so that the liquid that has reached the end of the capillary pathway

30 is discharged into the well so that the label on any displaced binding partner can react

with reagent R and produce a colour change for detection.

The manner in which the assay device 1 illustrated in Fig 1 functions to
determine whether or not a particular analyte (in this case the target nucleic acid of a
35 particular sequence) is present in a liquid sample to be analysed will now be explained



WD 2012/ 049465PCT/ GB2011/ 001487 14 Fig 1 for which there are nine |abelled
ol igonucleotides 6. If the anal yte contains, say, four target nucleic acid
st rands twero(2o39®n8 i deal i sed case) four of the |abell e#ColdBRrONUDI480t | des 6
will reach the detection region 4. Simlarly if the sanple to be anal ysed
contains, say, seven target nucleic strands then correspondingly seven of
the 5 labelled oligonucleotides 6 will t®ach the detection region, thus
providing a nore intense signal than in the case where there were four
target nucl avith ratsrencette &igld in whichdhe sape eefeinge Inmegals preeusedrasap Rigiditei ¢

a0 0 o L andSehbie! e <SRIPeB AN AL AR hFBSILSH 9k D RNUClseahed Bt bndidia each
the detection regi on, |V|ng rise re 1 ntense signal an t he
first two caseple 19 t@Hp@ mnmcé e@rwan ﬁgkqmotf@mtm@ﬁt'ent riefegtaf géth A Rarigular 10
aci d st randgd i infwiik J#e{hestéllgle{ nmeligéd?é‘@%séﬁﬁhd 1RNhdkay QeRte 9fis tnbé%ded

| abel | ed ollg nucl eoti des w I'l reac tection region. It wll thus be
appreC|51t ed t9 Higteqt Hhe miasance oof thabélrclels awig(émﬁfm%@@\iydégpleteéh@ur%fet%\ce

"tailored” %n@altﬂ%?ﬁ cé r&@nﬁﬂ%ﬂn‘?@éﬂbﬁ‘gmﬂf‘é pﬂfen?@?'tﬁét%&&qsﬁtarﬂﬁfs thgcl ei c

acid strands, parti Ift assay device Is uSed for
quantitati Vemm@bmsedlglgonucleotm@értyavp ﬁﬁ@‘#etf&ﬁthoﬂ‘@éﬁgl)tr"\éthdf‘e F‘H@'e@é\‘/’ldcﬁirqngsl ts
ability thatyqith pd@efecfrat give rise to "false positives” (i.e. a result
suggesting that the nucl eic acid being assayed is present |n t he sanpl e
when it is not. This inportant feature results fromthe presence of the

i Mmobi ’tc? sed ol i g%@fﬁh@*atéaﬂep?e B B aﬁéuysédhg sﬁé\lvﬁl'nrﬂﬁ'g @§§@¥m§%¥ﬁﬁéﬁ) asleropst

have a | abel | ed i gonucl eotides” 6 hybridised thereto IS advantage
is illust ratt‘étﬁ‘%é@féh‘atfﬁ@,%\r"ﬂg/ staﬁorp:@drqgn whsre Wrnasses intq the ynstigan et thae

sanpl e bei !‘%a%ﬂétlylﬁ?d:‘efb SdYngh 3R us%l Rctinh Fehidnla, M3 ePictedt BYahe htSWPar ti cul ar
nucleic acid 10 of interest and there is no such nucleic acid 10 present in

the sanple. In this case, there is the possibility that the nucleic acid 12

wi |l displace songcic bR Sk eﬂvﬂtlcﬂ@m&l %&Hé&%h%nﬁ;&l@&hde@%lmhhél sed

25 oligonucleotides 5 to which they were originally hybridised wever

t hese i spl %@@b"'ﬁ%@'IQ"éﬂc'ﬁq"lc’ﬁﬁﬁu@l wieh dhey @evﬁylbf'd'ﬁ%d capisup &gsygd by the

| mobi | i sed fé&tltmwksareﬂ%ﬂ%or@cleana&% §d>lhotQQa|véGQO%%qb&ﬁfe%frndldy@twdfﬁhé not
originally hybridised to | ed ollgonucleotl

chances of nueobllised; gligenusleglides) 3 ANdgaTealheraferg gpfse@gﬁ@@{ g ‘i%é’l f/

relatively |r@Wefcabé|50ﬂIg|ibré§@ht Zrﬁltw& sa.@@l&swﬁuﬂnades hive @ @c@éaté wmctn(mre
l'ikely that any 30 displaced, |abelled nucleo red by

i mmobi | i sed WMOWJEIt’éﬂtqfd'é% 'famaWEPeSeO'tgeP%’%'aet %eﬂ'Bﬂ’\#f%% t%{QEt ‘gt ugss to

the dep@cti Qfrah@I PPecbme¥ybAdiEESH the uﬁmoanﬁaadugbmmeé@s aslsadwri. hat regi on
and fal se positives are avoided. WD 2012/ 049465PCT/ GB2011/001487 15 to be

present in the sanple being assayed. Typically the fraction of the fraction
of the inmobili semspvédeaonmsémtldtgmfcaéwdmshtmehbw)rpahseed befend abel | ed

i thout 1§ AR e bR SR BRI SISCT GO TRES g e PRt PBe

used for t hebaeﬂé@cmwwnn OtﬁthFBIbEOZJStorTﬁ?ﬂl dabctmncbgtorons wmbmr et eabies gdn btgnet he

presenfg of O?QgrﬁJCEBOII ?ua%lde hg raegé;gntsegw e t tf't'e %etectlon region 4 (capable of
interacting with the label) together produce a detectable signal which confirms the
presence of the nucleic acid strands 10 in the sample being assayed. In preferred
embodiments of the invention, the label and the reagents will together interact to
produce a light signal depicted generally as 12, the emission, or production, of which

30 may be checked for electronically to confirm the results of the diagnosis.

The intensity of the signal generated is dependent on the humber of molecules
of labelled oligonucleotide 6 compared to the number of molecules of target nucleic
acid in the sample, provided that the latter does not exceed the former. For the

35 purposes of a simplified explanation, reference is made to the assay device 1 shown in



sanpl e taken froma patient. Thus, for exanple, the device may be used for
determ ning whether or not a particular bacteria is present in the sanple
t aken fr owothe/d®espati ent. As a devel opnent of this po®sirhiB2ntynoi4she
device may al so be used for testing whether the bacteria is present in a
"live" or "dead" form The use of DNA of appropriate sequence for the

i mobi | i sed oligonucl eotides 5 and | abell4ed DNA ol i gonucl eoti des 6 can be

used to determ ne whether or not the bacteria is é)resent in the sanple, but
wi Il not i ndficchfas wiirh there @ ninstlabelled intigenuciegtidas §. nif the pnajde ceptaingcsay:

form 15 Theg, F%)e?fnmagb @tpé?fd@ptrhlaﬁtﬁw %‘ﬁqfdgél%%dféﬁse%h@ur' BB hdwefeh

ol i gonucl eot | des and | abel MRNA ol | gonucl eoti d can be used to
det er i ne m&%ﬁ'e?’{*ﬁ?sb@&"éF‘?a&hp@’@s@(ﬁ@mpﬂ regien daniraiiarly if they sampigelo beyr m

since a pos'ah?lyé‘eosécﬁﬁ@f'ls rs,swe%rn rdet AR IETRYRa s Rthen eor@ésbbhalﬁg¥§@@én dffige

bacteria is Ive It g; uci ng proteins and i ngui shes

bet weerf "I i Jﬂ?e"%@"QWQGOt'qﬁr 'Bffeﬁ% t"[ﬁa@'?@ﬁ‘% reQioTe JAYS \Pé°Vr‘ﬁjl'PgAar B9If t

20i ndi cat es ifitide didHal AR HeAcasE wie bl Rere oW aigeORUAINO ati8 StrEnddA the
bacterial presence can be determned and that it is active or not

Ref er ence i §2MB\R- natrlafly ninegtargefsugigici ¢9'¢J§Er?'§{5e'§ the sampls heni vie &absleA nent

of assay de\éh@&ub@o@d&% AANEEchhE tc]lefalq,ﬁ’ori FeyRAL ih@fbby-ﬁhhﬁg e Bl mﬂeﬁse
i ntended for use in detecting whether "a particular antigen is ent

1 o sampl 6 SiGARERER MR Tst big Fasee. dhierHINg SRHES (U MHATOBIY (48 nUderc

ol i gonyrgl eotaidagrandd Mentitial dmvu;é:measfas&wt Hnl@rn‘iher@Rh@%@llé@b’oh’gﬁﬁﬁ&lﬁdﬂdé@d
ant i bodi es 45 and t he | abell gonucl eot i de é{g devi Cer{-‘ﬁ?qb&’:?fg 1)

are repl ace®biparkafg ‘F%ac%i’ﬁt’\e%i@'hs 't4’ﬂ" thuseeRrPreetad thal t en%‘fm%

capillary t@b@bn@anebméshsassﬁanal bé afajiore@r @o4aajo es@éaal el m@@.m\ahﬂg.umtbat iopn 43
and detection re ‘gn 44 wh r i val en

30 are respectiyv equ
capillary t @ptcipg %‘@UP‘@&W}\ ﬁba“gﬁaﬁq”&ﬁ‘ 'Yéfrfge e, Ch"lﬁ"ﬁ 'S é)gl?%HseZij 8F the
devi ce of Fhlarit;tat'l}bavoaiﬂtl bodi es 46 are specific to the antigen to be
det ect ed in the sanple taken fromthe patient. The | abelled antigens 46
(apart Sromtheir | abel ) identical with the antigens in the sanple to be
detected. The relx\a\telryenpsunmefesmé of ke dmhshtssﬁdltﬁmat hadee sotigivaride tde
| abel | ed ant %ens m%y be tf] VO 20]% 49465PCT/ GB2011/ 001?ﬂ£~3.7 16 % rre as
di scussed in §|Pgﬂt%€?§ (i B TgSUt s1ggestig thal the nUeeif FFEeg 2%3RY %ssor%ﬁe
i mobi | i sedlroihegsymmé @@kh atas nbt. amﬁlshmbatarmWeagnaueémtfrawemeﬁpreimEeaﬁsm
devi ce 41 iLIusé&ate

d f det ect ticul 5
di sease as (REPLLIEY @88”%?3%%%‘% énggla%gngpal%rsB@f 9‘?"3?]3') 2?8 @ﬁﬁ?‘gﬁelﬂq#gﬁr. a
virus)20n aoﬁ@dﬁ&bl@oﬁcﬁd@@hfﬁldi@ed trergial Thistadvantige ishikstrated solﬁerbéteahiemﬂ-‘aga
illustrated | r, the effectl\égaﬂess of

t her apy bei r?g @CQB i Féﬁ?mﬁﬂknﬁifﬂ&ﬁ'gﬁ'ecﬁ&% o8 gont ef' ﬁ{,cg%.g%g 1 %%ia or

Vi lrus_ In t Iwhichoaaec thetpartibalar @ecleis ansietD ofuntetest abd ﬂ’@qu’lstm’) slehaudieiveacid I
r t ter ;
10 taken oval Riessef e Spplen e it dhork i LREPS LN Rt rBER BIFHT The
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to be assayéabebsgd dtsganuelsohdes]ﬂiwaibwaﬁnmd i lrnmothlsedm}lenmuatﬂmtldeﬂ:érlpdln%tt e
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ol i gonucl eotStatistically (then chiarcesasfenusteia Bedd‘é&/dléelagﬁg frakplieg oigonusigotivrsodiis i sed

ant i bodi es ‘}%aﬁ%ﬂ/ |E\ﬂg§|mo‘ag? 2Bt iegg)nsCé%eébéhﬂE( 8s 5051 Huch Erforg‘ﬁyéw:ﬁwa?% 2

Wi | st rta one’ preparation
bef ored3@t i shsabaped deballed trivelegtide avill be re-captured by immobilised oligonucleotides 5

and be retained thereon so as not to pass to the detection region 4. As a result, no
signal is generated at that region and false positives are avoided.

Generally there will be numerically more of the immobilised oligonucleotides 5
35 than the number of strand of target nucleic acid sequence 10 that would be anticipated



20 receiving station, Fig 5 illustrates a convenient nodification to the
illustrated devices which avoids the need for such separate sanple

pr epar at iwo.20wsr angenment of Fig 5 nay be applied topertdBniidoessassay
device of Fig 1 or assay device 41 of Fig 4. However for conveni ence the
arrangenment will be described principally in relationto Fig 1 with the
corresponding parts of Fig 4 being givenldn parentheses. In the device 1 25
(41) of Fig 5, there is a sanple treatment_region 51 which is provi ded

bet ween t he @ haprasentde d1a/sample baing grsayed.4 3 yrionly theeTasian phiamiaaipnaf thae
capillary t%ﬁ‘o&néé@é,n orpalRdtiet SRR afeLRiRRised tﬁ@ﬁabené‘dob\wua@&rd% 52
selected to a E % artlcular treatment to a sanple moving fromthe sanple
recei vi ng sttt b °@f£4§§ “-nto the capillary tube 2 (42) via capillaries 53
and 54. The "colum matrix" nay, for exanple, be an ion- 30 exchange resin
(dependent on the nature of the_sanple the colum matrix could be either

anion of cation dke rp&agyc}eowe%ﬁza@de@mauwmut braitation beoPNAx Ry BROM} or

Sephadex GL@nNi Chpyi dldstr"a%aué\nd@rrﬁdycb@%s@&%ﬁfﬂ‘lé Yetec¥p of vanous medical
2012/ 049465PCT/ (B2011/ 001487 17 associ ated with "contr ol illary tube"

in whi ch no SPRYHANS Frasactersershy H\enaieﬁgn%a?ftﬁépgmﬂq @uae'ccﬂ*qq;éﬁ negtii fes 5
or anti bodi @anl) tdken"fréhel I.@der&ecmhds bfgpdéxaghpRar theedevice( nag- bd aked | e

oligonucleotides 6 or |abelled anti s 46) are provided. An assa carrl ed
out using a detesminingrwhethgs o Hota parsic rI acffgaﬂ%weﬁwtﬁbqhgﬁag]plwg

“contred capatidr Ws 286vdldinent of awbé@‘baﬁy,tﬂh@d@kﬁéeeﬁ]by Q[Sor@uééasfopfesb?
capi I | ary tubes corrgar ed to establish the difference in_signal ed by

) rovi
the "assay" gHer |8¢ pactsHa arrressnt imcdniveolor ‘dsae fogpy {I‘Ugeusertngl
illustrates a@prrépuétdeéed@@dye Gr&r frig ;mw@edﬁwgwmua& &S Ay aaéuesae DNA 10
accordance vt\%th the nvent| %Eb? % " gtrol | | ary

t ubes. Body %82oNus'egy e@eﬁ'n&?‘h ?)}‘S elering 5% gt ? ?Ptaﬁ‘ﬁj ﬁ%{gr'aa'srﬁ{ ?ﬁ“tfrhce

g t2 he Uppgr2 ftraepﬁamdiémwr&;déngmata @hﬁ}ier’][d?rnﬁﬁtﬂle\/uabﬂl&;'lévulmfngb toppid” fAANNel s

a an casm and two fur rowells. anne

it endBR 1 orME GRROAGTRE ohadaiostate se5ente fof HiodMErasishd AIATCBBE4S 3 WBnded
for form ng laibeTlémlrrtRM oligamicldotidas sum béNilséd 63 deterimevwHéetleathe bacterldb
upstream ends_ of. ¢ S con annel s

o et T PR B BF YEmplc f B e o SR el sateb lesiPra de BN AR S an
wells 64 ar eaﬁtore asefirms that mm@aatesari@lave ecelnwimgrmmahgmo&|mndnd Whus

detectlonre ons 4 (one faqr the "assa lary tuhe and th t her, for
he + cont r ok tgalisties He el 35 iy torms el At PR s

t ransp2l ent xnwmtthasthmaenahs mqlraaf/er’laiubyropotlwpctastbmbm@tenaTlpmsasee cdn

pol ycar bonat e | ows an Lca clear region in the noul ded plastic

devi ce at t&i’g Q%Leérg{niegﬁgdgfatt{t seaﬂ%?logn 4 which (as indicated above) are used
in form ng detection regions. As a first step in producing a device in
accordance with h |

necessary that ' REREAY b ot JuddeoRriod et el Lot shreskingrlef 24
and 62c) be as$ayrdmyighliy acdosgdanee with themgerdioanyl hrsamhqdm@t muterdde@fowse irmgent s
or ot co L: ) d ) y

i nder2 ne. PPBaarWhanetE e p el 5 bRECH W £ sERBleIkITRMY Wbt
formed fr omtq thés erwbthetlmpmedisemaligwwe@was ér(df mzcdevSa@Iﬁ Fwai; harageplagedda/ with

wat er and d | ny y 30
washi ng i ¢ 1" CRRTEp srpHas Bhd (FETEES olclRuIanaY &r (B helEe of FETRr
at nospher e, rmgquydabe"ydmggms@mtmmdmeeﬁ funtbentonprising critasy fuber®
finally dryi j e EstatioN@3 and ti ion 4 :
5012/ 0494 65[9@% %Eg@fiaf? 885%%%9,1%5’;5!@?@0%%9 statioR43 and detection region 44 which
30 are respectively equivalent to the capillary tube 2, sample receiving station 3 and
detection region 4 of the device of Fig 1. The antibodies 46 are specific to the antigen
to be detected in the sample taken from the patient. The labelled antigens 46 (apart
from their label) identical with the antigens in the sample to be detected. The relative
numbers of the immobilised antibodies 45 and the labelled antigens 46 may be the



with the immobilised oligonucleotides 5 and the |abelled oligonucl eotides
6. For this purpose, the surface of the channel 62a (or at |east the region
t her eof owowhi2olag4ehe ol i gonucl eotides 5 are to be i MmobipCirgap1vmysshe
treated to provide epoxy groups on the surface thereof. This nay be
effected, for exanple, by treatnent of the surface 5with a gl yci doxy
conpound of the formula: (RO)3-Si-R1-0-CH3-CH CH2 10\/ O where R is
an al kyl group of 1 to 4 carbon atons and R is an al kyl ene resi due. Most
preferably Rame axudisglsseddinRelation -tpdHR) Bfor the relative nup\erigelyamspuds ofihe

onty, _the f by fioBG A e il dPARohQliediBBRBI | Sation of an

ol i gonucl eoti1 de by 1t ave applied thereto 5 -20 pl
of 3-glycidoxypropropyl trinethoxy 20 silane and are held at 50 C for three

hours under ”'”%@%ssé“@é% Wﬁlbé’trattéft?nncﬁé?'l”r% p@1uSed Rt AR Ftular

u
met hanol and dry et her nder nitrogen 0SS |nk|n ISt en p rfornmed at
50 C fdr gr digease ehshazciesiged buﬁh@rprf?ﬁenﬁ@@éra parh%éarmlgww ggROIES) Wed be

capped with gmg@' taRE frrbtn"mte%ue@hlﬂrfeﬁmér% afnhexe@weé ﬁﬁ,seéteanﬁnrﬂ.@ﬁ is to

anhydr ous so nt so utlon for hours at room tenperature. channel s

are then washeionihe 2feclivenessiné@ rapinular tharaRyding wsedite reatan 'nfeaﬂon caused
5" -i0do-5" - g @(%Hﬁéﬂbfjbﬁaeﬁé %r Jﬁﬁ@t qd t%t&séomeu&\ﬁde' Eh@é@dl quantltatlvely to

met hyl mercaptile in uce an S-trityl conpound. This |s further

reacted wt wetﬁrmwgpr.etgyw @m@yntseﬁgf%az% iqer e qf feymm)@tlgﬁ% in samples
N, Ndi i gppr OMeﬁrHVEPaI%ﬁédpBﬁﬁrﬁe'fr@m[lﬁ%ﬂdaﬁerﬂr&@é'ﬁﬁvéé?@aﬁdhanli’ﬁ{ehﬁiensn the

S-trityl group is renpved by reduction methods known in the art ConnoIIy
Nucl ei ¢ aci @elRstes-fignal 98@1@0‘@1 U diMe kes this [demenplEptar faducing aspyRlp of the

substitutedaq ith |H§r'e8£1n§ Bk @A VA doffirmd dtfedtindsPbthEEathienef f ect
condensati on of the oligonucleotide to the epoxy group.

Al ternatively the ol i gonucl eoti de nmay be immbilised by its 3" end using

the follow ng proceRyrise 1R cal¥D1R&1Bi0RER4A0 sahRIeSR0del /430287 byl Yevices in
15 accordance with the invention incorporate extraneous matter which is ideally removed
before the liquid sample passes to the region of the immobilised oligonucleotides 5 and
labelled oligonucleotides 6 (in the case of the device of Fig 1) or the immobilised
antibodies 45 and labelled antigens 46 (in the case of the device of Fig 4). Whilst it is
possible to undertake some preparation of the sample before it is applied to the sample
20 receiving station, Fig 5 illustrates a convenient modification to the illustrated devices
which avoids the need for such separate sample preparation. The arrangement of Fig
5 may be applied to either the assay device of Fig 1 or assay device 41 of Fig 4.
However for convenience the arrangement will be described principally in relation to
Fig 1 with the corresponding parts of Fig 4 being given in parentheses. In the device 1
25 (41) of Fig 5, there is a sample treatment region 51 which is provided between the
sample receiving station 3 (43) and the upstream end of the capillary tube 2 (42).
Sample treatment region 51 has a column matrix 52 selected to apply a particular
treatment to a sample moving from the sample receiving station 1 (41) into the capillary
tube 2 (42) via capillaries 53 and 54. The “column matrix” may, for example, be an ion-
30 exchange resin (dependent on the nature of the sample the column matrix could be
either anion or cation exchanger) or size exclusion, matrix for example only Sephadex

G10 which will retain particles and salts .

Although Figs 1-56 describe the invention with reference to a single capillary
35 tube 2 (Fig 1) or 42 (Fig 4) it will generally be the case that such a capillary tube is



sodi um hydri de (1gran 10ml). The sodium hydride is then filtered off and
the sodiumsalt of the oligonucleotide is reacted with the epoxy group in

t he chanmeD.20i24ashydr ous DMF S5Furt her details of the alpovasB20mmbids7sati on
chem stry are disclosed, for exanple, in US-A-5 910 406 (Tepnel). In
the case of either 3'- or 5 - immbilisation, the channels may then be
washed with distilled mater fol | owed by'ﬂbshlng i n anhydrous ethanol and
dri ed under nitrogen, The second. binding partper is. dissolved in

hybri di sat i awog@t%w'tma( @QEOK@@@HM@%H%WEHI”BWBP% ES SNSIRSRAPSSe) and

0.1-0.9 nol @ réﬁgbﬁuc{lé‘&ﬂEérsegr btidolRsi 48y “ldbemdli sédonaNbisdieg bhdrersi & e.
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of the type descrl bed above) inpregnated with a reagent systemfor
devel opi ng bubg; gnal fromthe | abel may 20 be introduced into the wells 64a
and 64c to formdetection regions for the device. Thus, in the case that

the |l abel is an equiring a str ethenafurther ad of. What nan
o hper omoFBeh Toshar @ mpileSe body o1 Tot pis 1 pidolsibg e 3857 dBl sty
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enbodi nent s, of, the | nvention
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chemi | uni nel$cgeae ¥gg?qnq)ﬁohf{gﬂéaq%|apgt@§ agr%%%é%&eé uo‘i"i’%ﬁ elluékatgp Haper
to all ow si gigad) fdeherivite dwo Dhes-topped chamal 62a bnd Bhe, & amgleokelnb® aad thie

i as ol CORLRPLR B1 GAPVEl Gass prbionrit (91 ORYad Shareev Wbl aiibd 8o’ "
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The arr angerspective dﬁleg of treommlmeaeSt |ill lbardppadcidtéd that wels 8§ ade wietle 64 afe foach

producedfroma of the type jllustrated in Fi from
ot cal 'yt PomEparate prdupkdSoniREslatpt SHELER Adegol aBpBRE 4 BoRE T e
conpri se an‘asay\capfisgputbd and/tht wlher Titahe ‘Tootwelt cadillacaiobk). ary tube 72c, a
sanpl e receiving station (not WD 2012/ 049465PCT/ GB2011/ 001487 20
illustrated in Fig 7 but referenced as 73 for conveni ence) and detection
regi org® 74a and Bédy Boris t:bmpnamia)f arap;btlclam,r jranspaeent Zzlasticd rcatedal dpreteaghly | ary

tube 72 t
Gitrerent (BOLGIRTES: AR def of Popalishe@' ohe'ah opfialy 83af BT W dhe"
exanpl e, t hmoaklsa)plasap |dblnae ypt hedocHtions ef thewiatle 6A1whiety (asSntiaated iabovd)idré sed

ol i gonucl eop| %E% Bfhd ?J?%{EJ 3%2? dUWES 89 Iy ﬂJC@Qrde%éﬁd?écB%a%e (as

descri bed WI ere o assay esence
parti cul ar will Ities mvantloui\ fswqutembedy a1 ahsurmm E!g %nbtsm,aceemy diat theebeds 8Y

d 45
ot i) B0 e s’ ofendB5 BHa P bon 30 62ERbe WM SESHAIND BARLES 5
4) . The renamnrergainisg agoule vélease7agants or btmer cmammfﬂ wartisylagly dydeephebic t est
for a di ffeg&ﬂsmmég{sgm&%%ﬁm&@ﬁ%eno@oﬂaé fa&u{ld‘eds éggﬁg 868, a'c gns@ﬁase

characteristic as used I ce are such
as to produdiimataly fonmed frgmathe wpemrtanpad shannglsc2amand$2a. r@qﬂe@@@mgdnay Bgi ons

74a and 74Cwnh water and detergents. By way of example, the channels may be cleaned by
30 washing with SDS (1-10% in distilled water), drying under a nitrogen atmosphere,
subsequently washing with water and absolute ethanol, and finally drying under a

nitrogen atmosphere.

Once body 61 has been thoroughly cleaned (and assuming that a device of the
35 type illustrated in Fig 1 is to be produced) the open-topped channels may be provided



The arrangenent shown in Fig 7 additionally conprises a sanple distribution
15 unit 80 and a detector unit 90. Sanple distribution unit 80 is

st ruct ur edl0012289466 be capabl e of receiving, and suppor PCagB20tw@essof t he
assay devices 71. The devices 71 are received in the unit 80 at their
upstreamends, as illustrated in Fig 7, so that their sanple receiving
stations 73 are sealed within the unit 88 The sanple distribution unit 80

has a sanple inlet 81 and is internally configured é_not shown) so that
li qui d sanpivéth the immobitisket eligonteleciifiestthand Hiedabgledi aligenuaipstides 8d fias thike

saml e 1 ecelyyj e Sihalduitde BBuR! crlhhell (s 3P RAK HRVIEGEA thdreofo GRcnRe S

further provide ~uni So as to release excess pressure cause y the
i nt roduct i owligenusigatides $ ateotor breimynehilisedk may thertraated toogrovide eppxyearoyps 8n(onl y

one shown) @fe %Mcefthgfegfpm%é& agtetﬁgéét@&,sfor %ﬁadg&e:sly et 8F tHeed Mhce

associated wth a respective one o assay vices 71. For conveni ence,
only onfe setwithfa glyeidaxygemppgtt ofghpsmglaa- d has been shown and this is for

t he uppernost of the three assay devices 71 shown in Fig 1. Light pipes 91a
and 91b lead into the upper regions of detection zones 74a and 74c
respectively. Li g(lﬁio)p'r%‘eg “oaCHeCdtbHare associated with a |ight source
(not shpwn) in the detector which §0pgasses |ight along these pipes 9la and
91b into the top of detection regions 74a and 74b. In contrast, |ight pipes
91c and 91d lead fromthe detector 8 to the undersurfaces of detection
regions 74a and 74c of the uppernost assay device 71. Each |ight pipe 91c
and 91d is associated with a |ight detector (not shown) provided within the

det ecti on devi ce WhelgiR 392D alkyiorBupefr) tgsd garbpnetomsanshR™ is an alkylene regidue.

pur poses of Mqt paefdrablpRis Metdf8aY R ki-g0HY,-sanpl e is introduced through the
inlet 81 of distribution unit 80 and the assay devices 71 function as

previ ol’| y described. Light that has passed fromlight pipes 91a and 91b
into and through pjetggt ioPnexREHIONSNIY Aan@nfbiidiig | proeedirecthes e tuded! foght
pi pes 91c and 95? FESB?C'[I vely 5 a%&if.eﬂ:éba k to the detector 90. Detector
90 i s progr ARMERT$S0RSf ar PIIARCIERIS BY 1SARBE in the Iight that has been
passed along |ight tube 91a and collected by Iight tube 91c. Any such
col our change is_conpare ith the result_fro tection reqgion 74
Coontrol ) & ven ThRERaNS Hhte pRAREIRIEiors 0 0 SR BEP e HEmeY i on
regi omg4a (saafeal yb.? ainél rﬁqﬁects'oorc rfegitree ﬂ’ﬂﬁlrs( Qﬁdlér[] ﬂilrbgémehrSst'EQUérﬁléahe bed
"positive" resu or the l1l0assay. t houg i 9.7 has. been describe
o oh tef or eritels afyAmed SHBET Histiapol sty ElhEnamdet lsAogt KOTSRS
regi ons bei migenogdriotraéd yt 50 ahfparetdn)thad 2 Wolrds ubderaipdgen. dred hydrakyl gragnal
detection ma | so_by refl ectancge, rticularly .in the case ere the
15det ect i on "ﬁ/aé/g %ﬁaﬁ’%@oﬂ%?gt'@soqiﬂmgﬁ'gt?@%rﬁ?[aﬁédni% 'Qanoétséra'%?'ﬁ‘ygmus
substrat e faolvant sohtipndor 2 hours atAoorarteraperaturero dhé ichatneis arentivgn lveashedles f or
the illustrated. i ment.s, For.exampl e, .i.n, the, arran n Ei t he
detectBh uncEeohen SOHE e ou B Tt % e SRl R M drare ity e
possi bl e t o spdionhuttipheny! astlaymdeaptie in MOME dto pdaduce ani SHrityheompoupdt iTbig is
i ncor por at i iLs det.ect ji. ' 0 [ h,an_-on- hoard" 3
detection u %He?:o[ﬁ%gédf &tﬁe@a{%r@v%%mgr \é\é\?'iraége@ebéﬂé 82{‘}? %é)é;hg&l tbgsr n'\eja’{\ll vel y
a power soudisoprepylsicd phospiwate;imn DEM toepraduatetherdybeckthyl. Wiz SoiBQ8RIp is
(Moor | odge Bi h_V . Wy i I — w | |
Conpr i se-at ‘?{:@é&% b gégggﬁﬁg{a\@dé%%vaég t?(()%"aﬁ*l EaRRIY, RUAGURLiS RUSSEFer

30 16,9,1988) before linking with the epoxy substituted channel using sodium hydride. In

anhydrous DMF to effect condensation of the oligonucleotide to the epoxy group.

Alternatively the oligonucieotide may be immobilised by its 3' end using the
following procedure.
35
The sodium salt of a DMT oligonucleotide can be prepared by dissolving the
oligonucleotide in anhydrous DMF (dried over P,O5) under nitrogen with the addition of



25 dissimlar materials provided on the device and arranged such that
travel of an aqueous liquid sanple between the el ectrodes causes a current
to be gerwoaved4dms operating the detection arrangenent PCTIeB2di1s®i437| ar
materials may conprise carbon or one or nore netals, e.g. copper and zinc.
The el ectrodes of one material may be interdigitated with those el ectrodes
of another dissimlar material such that'®urrent, in 30the presence of

| i quid sanple, fl ow fromone el ectrode to anot her © In a further

pr oposed nnd‘PF’ngﬂ%iH? (tgramfi 0| Theapodiurp Syeride istherhlierechefl ard e sadivmg 7,

the sanpl e r8a8f theMligbriicdlide 3 réFtedRitetHeldpddly 8t ilthe CABAMI 2Variiy8Ru§ 22
and 62c sinply be open at their upstreamends. In this case, the liquid

di stributi o®P™Barrangement 80 nay conprise a sponge (or other absorbent
material) provided at its WD 2012/ 049465PCT/ GB2011/001487 22 interior,

rear surface. On _insertion of the assay device 7 into the distribution 8,
the upstream end Fofthemaletads 8f Hhey jabavey immpbHigatiannchemisky a8npiselesess, f he

sponge or Otdx8impleChi I$-AM 9 1R4GY (Tebnd).| oW ng the upstream ends of the
capillary tube 62a and 62c to cone into contact therewith. For carrying out

the assay, the sponge is inpregnated 5with the liquid sanple to be assayed,

this liquid sanpligtHelriRe RRSIHENB'-IoREO irhiBbifiskloh| thE ¥hanHaRSMEY thebd \iadhel OF
anal ysis as descrjbed nor y abaove, Fi pl an and side views of

1esC e ful Ve, 8 shows )
a further edBdlisilen water fllaysd {%WPE@“Q i aé@g?fPH%ﬁ@’é"%aPH diRd UnGRFEWEAIBA. Thi s
devi ceig s nade of pol ycarbonate and has two 10 serpentine capillaries
(with five linear sections) each of which runs froman upstre anpl e wel |
to a respective J&‘FISEE‘?WCQH')‘Q/@Q Pa'yﬁﬁﬂ%ﬁ"?ﬁ%dd” ?“é%{@’é’i‘f"”é?%feéﬁ?(o&& @We _
desc ][ l bedhmbeiuﬁu thric?‘?é)Q‘fZ)ﬁmM Jlsbgrntn RitfA6S a{ldg gaass.ocmarfaedaw t(ilsbneapméu ﬁ&”th@Ct ion
wee for the purpase of sign et ect.ion. Y of exanmpl e, eac
capi | Lary mimeBUReSiasnudeqidal Brangtied fthe <ehomhihane S gt datee ot 20-40
capi | | ari es °Cegr > Béurb.r THNEAENAEIS GIr® HserSWEdHed NN \Wistilecaster ahd @tHaavl ighen
| ength 0.4mm_Each capil]lary has an _aP r oxi mat e vgl urme of B%a | . Al though
the i nint i GHIORRE: KEBA BLaksPasBRAera) (8 aNhamandiier BAR SUPMLRS Yhalpan 20
devi ce havi nga@ SF/B SIS MRRIbéaFitersRRANEN AppIcANbtRe samplel wall Y if leuivdd, | be
appreci ated that the device could include two or nore "assay capillaries"
and i f neced@Ped gy BR RigrnePregrated dithcalyi Ielaa?fl‘té§equ"!§3cfﬁf e Analysis; yor
capi | lary” ek dfoctithéhteof te POEARINMah HssMERt Pad M.§f & BBty RS 88%riBBd @
sanpl e. 25The invention may be applied to the mass screenjng of sanple and
dat a about @above)impregnated with a reagent system for developing a signal from the label may
20 be introduced into the wells 64a and 64c to form detection regions for the device.

Thus, in the case that the Iabel is an enzyme requiring a substrate then a further pad of

Whatman filter paper impregnated with the substrate for the enzyme is introduced into

the wells 64a and 64c at the distal end of the capillaries. For other embadiments of the

invention, e.g. In the case of fluorescence or chemiluninescence detection, the wells

25 64a and 64c remain free of paper to allow signal detection. Thus, for example, in the

case of where the label is Horse Raddish Peroxidase, the well may contain lumino)

dried in situ as the substrate for the enzyme. In the case where the label is acridinium

ester, the wells remain empty with the signal being provided by the acridinium ester per

se. The channels are then sealed with tape or a plastic cover with UV curing adhesive

30 forming closed capillaries.

The arrangement of Fig 7 comprises a bank of three assay devices 71 each
produced from a body 61 of the type illustrated in Fig 6 and produced from optically
transparent plastics material. These assay devices 71 each comprise an assay

35 capillary tube 72a, a control capillary tube 72c, a sample receiving station (not



the results collected electronically for onward transm ssion to nedi cal
authorities who (fromdata supplied froma nunber of |ocations) can

det er m newOhe12gpowad of an infection and/ or coordi nate meaiGEb11OPPTI es for
dealing with the infection. 30The invention will be illustrated by the
followi ng, non-limting Exanples. Exanmple 1 WO

2012/ 049465PCT/ GB2011/ 001487 23 e procedure of this Exanple was

%
ef fected on pol ycarbonate supstrates ("platfornms"), hayi i f out
5 x 25 HRTaR S TEREoRs 8 1R RSP LS el afer 14
tri ﬁn?ul ar la_%eCMcorar q;@{)éééa@rqapmﬁgnmaé gzeawh w‘ngsecmtary hebe57 2mrelspegtivelyi on
wi t ive linear capil|ar at ys .bet ween t upstr - m
ends of 't hEa5Basen HRITHEZE 1 Sitg dedr ssut Pon st dr SEMAY GefRURE 67,
! gngt héoEi@th@Jmeianmé! Thii) F6H exafipts, Ihedhssabh @apill 8y 22a of rote aleviok Trtemay
about pl.

.. The platfor re dnitially ni.
ener sidn irhaﬂﬁ‘%‘ﬁ'ﬁﬁ'@ﬁ?s&mogvgﬁmgégg“i‘ ‘8??]@90%9%’%&9&&%%? %g%ﬁéédéh%rseéoquent
Ej 0 E _h: |S gi t(é?ﬁb&ﬂibg@&ﬁmirgfé{eﬁcbeo Figat mragslamtrﬁhe bmsemgi?bfya rm'?dar clenc .
istilled water and ai.r dried. e_next .ste progedure,
the pl atf ordfd §RIUSNES é'h?e%?”@ﬁq?'h Aémmﬁ)"ﬂﬁé’ﬁ.hﬁl WY é%‘ﬂ%er?oﬁ %yul?al%ghfn e
over ni ght %ssé@@@biﬂé%yf_ﬂrﬁé,aimcﬁbfilts@d%hfil@dtﬁegwwﬁhilabgallgd abfigernd@ bourtisthetstps t o
am no groups. , e platforns_were then wask eral .t
distilled vas descrirad Wi rgzﬁaewscfﬁ g ffiFe (fﬁfvﬁgﬂé{%l :"‘%f&%%ﬁ Zﬁﬂ%ﬁf 10MM
Cadl 240 lOngNg@le%ge\thtlhalﬁidtze@fﬁofgiiftBiéMfT_ﬂplewaa:ﬁtE' ' s?quléhqala gifferehteantioan for ns f
were air dried. anpl e , i S . on o
an assay deARoEeEr FHaréE@gBlfa?‘?c%es\'ﬂF? hTP% @bfg\ygﬁﬁrﬁﬁgiaﬁsﬁgﬁ{%&gg@sﬁé kil
MRNNopr ot eith préduceTamight sigel with rédgent presertyat tHeadefe aibn aediépsol 4ecandofitat e
substrate and has | abell ed Concavelin A di splaceably bound thereto. _Step

30Am nated pol ycarbonate platforns prepared in accordance with the
procedure of Exarmd ardngi®ient shawh ¢ Fig T laddiionaliyemntprises at saomple disgrvtion ( 3-

S et ) o oophBid B ST S 8 BUASPN B ki e 0
0, 1M MES buddpablepdfideseifing, iirsuppodinguthsssqofethe lagsayadénicksi Tl LEbe daviers Ter .
(MES i's an are received in the unit 80 at their upstream ends, as illustrated in Fig 7, so that their
sample receiving stations 73 are sealed within the unit 80. The sample distribution unit
80 has a sample inlet 81 and is internally configured (not shown) so that liquid sample
20 introduced through the inlet 81 is transferred to the sample receiving stations 73 of all
three assay devices 71. A vent 82 is further provided for unit 80 so as to release

excess pressure caused by the introduction of sample into the unit.

Detector unit 90 has three sets (only one shown) of four fibre optic light pipes
25 91a-d, each set being associated with a respective one of the assay devices 71. For
convenience, only one set of the four light pipes 91a-d has been shown and this is for
the uppermost of the three assay devices 71 shown in Fig 1. Light pipes 91a and 91b
lead into the upper regions of detection zones 74a and 74c respectively. Light pipes
91a and 91b are associated with a light source (not shown) in the detector which
30 passes light along these pipes 91a and 91b into the top of detection regions 74a and
74b. In contrast, light pipes 91c and 91d lead from the detector 80 to the
undersurfaces of detection regions 74a and 74c of the uppermost assay device 71.
Each light pipe 91¢c and 91d is associated with a light detector (not shown) provided
within the detection device.
35



35abbrevi ati on for the conpound 2-(N-norpholino)ethanesul fonic acid). WO
2012/ 049465PCT/ GB2011/ 001487 24 After air drying, 1ng/nml yeast
mannopr otworeo(2m9déeéct i n Buffer) was added to the capil | acrasB20n/@mi4sam d

at nosphere at 4C and the substrate was allowed to stand overnight. The
platforns were then washed in Lectin Buffer. Thi's procedure produced
pol ycar bonate pl atforms in which yeast mdnnoprotein was i mobilised in the

capillaries. St eE This step describes the displaceabl e bi ndi ng of
| abel | ed ConcaveFPhths RUSPSSE of FABHNG PN Pesayt liayidhsRspR'e issiniogiced fhrough

pol ycar bonagg Wléit8‘106mlsﬂb@ﬁﬂﬂﬁﬁlqt g0 éﬂ&ethﬁré%‘ébf"dév@ésem fﬂ-rlﬂﬁloh alaepreviv@sly vas

Hor se Radi sh Per oxi dase 15Concavel in bi ot i né at ed accordl ng to
n

manuf act ur edescribgd r kight; éﬁ’ﬁb haBiRgesadT fgmniigt (P'Flﬁso?T%y"Pﬁtq1 intg gnd dhroHgly .
Avi di n- HRP waecfigH feg szns t7hs dﬁutub/?s é&ﬂect’éa By the @éhtkﬁqsgsl smél @h@ld@@@;&@%@éw n

A/aV|d|n HRP/ Lectin Bu fer 10/ 5 rati'gs was added on ecaglllaryfor

2hrs atd RT iand feth baskitq F'@dd%{?ﬁtﬁ’é ﬁﬂer@eteqtﬁé 99 rie REQHATAMAS ftquﬁe%F
washed in Legiide Buhé gt ﬁésf b&kri 65%563@!0‘?@ '?ff et SR bolledeaydiRyhe e

with the invention was prepared by affixing esive plastics taﬁﬁﬁéwater

resi st ant a&!’f@sWFe)AM‘é“l‘Cht‘F?éO‘{’c?Ba'aﬁe tSrF&“bOéﬁq Wish W%W&WHEF%‘ YeietORpeEPR t he

capi |l ary t ¢hescdn@bi)! lBivéteinefeis 85&&%&% Bolour chan albatv@eaméta:ueﬁseg:brbes
production of an assa%/Cil device in, ac ?ance W th vention in i ch

yeast mannopf®t@ssivi and Aaiseiian wgip “Wf)strhe&p‘msl 'ér%/ POPItYE" TEPYEL f BBRat e
substrag e angdsdyas | abel | ed Concaval i n A di spl aceably bound thereto. 30 Step
1 Am nat ed pol ycarbonate platforns prepared in accordance with the
procedure of Exanple 1 were reacted with an aqueous sol ution of 5mM N- ( 3-

35di met hyl am noppaRyigh- g -7eh&y bést Bestribed dath ek @b isid@ial GetddishMNby light

transmission (the detection regions being optically transparent) it will be appreciated

that signal detection may also by reflectance, particularly in the case where the

15 detection region incorporates an absorbent pad impregnated with a substrate for an
enzyme.

A number of modifications may be made for the illustrated embodiments. For
example, in the arrangement of Fig 7 the detector unit 90 is shown as a separate unit.
20 it would however also be possible to produce an assay device in accordance with the
invention incorporating its own detection unit. Power for such an “on-board” detection
unit could, for example, be provided by a battery. Alternatively a power source for such
a device may be as described in WO 00/33063 (Moorlodge Biotech Ventures Limited),
in which case the power source will comprise at least one pair of electrodes of
25 dissimilar materials provided on the device and arranged such that travel of an
aqueous liquid sample between the electrodes causes a current to be generated for
operating the detection arrangement. The dissimilar materials may comprise carbon
or one or more metals, e.g. copper and zinc. The electrodes of one material may be
interdigitated with those electrodes of another dissimilar material such that current, in

30 the presence of liquid sample, may flow from one electrode to another.

In a further proposed modification, again applicable to the arrangement shown
in Fig 7, the sample receiving region 73 may be emitted and the capillary tube 62a and
62c simply be open at their upstream ends. In this case, the liquid distribution

35 arrangement 80 may comprise a sponge (or other absorbent material) provided at its



WO 2012/ 049465PCT/ GB2011/ 001487 25 hydr oxysul fosucci ni m de sodium salt 5nM
11- mer capt oundecanoic acid in a 0.1M MES buffer pH6.5 for 3hrs and then
washed i rwbheotymogaffer, After air drying, 1lng/nl yeast PERGBprctoedsn (in an
aqueous solution of 5nMM N- 5 (3-di net hyl am nopropyl)-N _-ethyl carbodiim de
hydr ochl ori de), 0.33nM Nhydroxysul fosucci ni m de sodiumsalt in a 0.1M MES
buffer pH6.5 was added to the capillarieé® in a hunidified atnmosphere at 4C
and the platfornms were allowed to stand overnld%Vlce 10The treated platforns

ver e washed interioreiear AUERPE! e Omingerdiph of thecgssay Thinte gﬁeﬁstﬂwmée
pol ycar bonahsstFEaﬁ{ Eﬁa BF tthe) aMyC&bw&aﬂ pUBHEROR{D Rl rboWeésBHth' Sp%ﬁée iop the

capillaries.

ep procedure of Step
HRP- | abel | eaﬂ‘@brﬂ?d'@aﬂ mﬁfeAawgww’ség? aeﬁé?@wemﬁm q earilfasy ?W?anggécs%ast

mannopr ot ei Bofk ihtdecdntart ir%émtm%é%ﬁﬁng rbuﬁ@l@ééb%'?cﬂ\e%ﬁch Stie impreghatedi S
Exanpl e. 20 An assay device in accordance

t
by af fisi ngwéﬂﬁ'%%ﬁ'w PAMARIE |t%§’e@éﬁ@/e(’\/\m%'fq”&?@Q'ﬁmér‘ggﬂ%g@lﬂ\}@?vﬁ%8$p'ﬁ%\§ t op

of the capi |tdb%362§|éﬁ!9@§éﬁarfaﬁal9§§@é gbseribbe nfor@fdlly abovet ubes for the device.
25Exanpl e 4 hi s Exanpl e describes production of an assay device in

accordance with the I nvention in which yeast mannoprotein is immobilised

W thin the ggpigl lsl@dws @ianaaﬁ@lémearvmmbe & filiHHer adrebatiifledtast lasdagyl bedce in
Concavalin Adis aceabl% bound t
r

pol ycar bonaPecsPaice oyt '5&%[3'88 ‘Sa O@Pdﬁrﬂ} %%Hmyq?éb%%é'aﬁ?@s ?W
Exanpl @ 1 Wee@eh@rCtRsllavies Nlﬁﬂfl@Qlﬂﬁ@HSeamhﬂﬁ éavh offwHiciViuNs (fdm an upstream

gggé%igigg%ﬁ%%@ @B‘ﬁ_egg?ct%e Ym&%h'w”éndehrxgﬁnﬁé’ Q\l Peralggr?t)éysfem gM\I'e type
described more fully above. Light pipes are associated with each collection wee for the
purpose of signal detection.

15 By way of example, each capillary may have a total length of about 342mm. The
individual capillaries may be of triangular cross-section with each side having a length
0.4mm. Each capillary has an approximate volume of 30 pl.

Although the invention has been described with specific reference to an assay
20 device having one “assay capillary” and one “control capillary” it will be appreciated that
the device could include two or more “assay capillaries” and if necessary two or more
“control capillaries”. Each such “assay capillary” could be such as to perform the same
or different assay on a sample.

25 The invention may be applied to the mass screening of sample and data about
the results collected electronically for onward transmission to medical authorities who
(from data supplied from a number of locations) can determine the spread of an

infection and/or coordinate medical supplies for dealing with the infection.
30 The invention will be illustrated by the following, non-limiting Examples.

Example 1

This Example describes the preparation of polycarbonate substrates having
35 amino groups to which binding partners may be immobilised.



26 hydr oxysul fosucci ni m de sodium salt 5nmM 11- ner capt oundecanoic acid in a
0. 1M MES buffer pH6.5, also containing 1 ng/m yeast nmannoprotein in a
hum di fi esloabroEpiseér e at 4C and al |l owed to stand over ni ghtr/GERIh@o1432at ed

platforns were then washed with Lectin Buffer and air dried. The
procedure of this Step produced pol ycarbonate platforns in which yeast
mannoprotein was i nmobilised in the capidd aries. 10Step 2 Usi ng the

procedure of Step 2 of Exanple 2, HRP-|abelled Concavalin A was
di spl aceably bound to the yeast man noprotein in the capillaries. 15An

assay device in apeofdadfife Wrihist BLarhpl¥ Gid %ﬂe%l}g‘? EB@ %ﬁgoé)é(e Y FL@*Q@

adhesi ve plastics tuag (wat er resistant adhesi
capi | l ary cH&iatferns’) havogrp| siaecoft shout Zpnm eﬁy'mtmbémnﬁ mmteueﬁlmmhele lerfigtanpl e

5 20 Wit e adph oﬁb%%crt+|£¥%%|§re§éd189 Egknlfahﬁ cﬁﬁﬁﬁ’%s deEhCEP %éﬂe‘hﬁne

di spl aceabl y bound HRP- | | ed "Concaval I n I n accordance wth
Exanpl €5 2, canfigyationmith f'd? ﬁrpﬁad@ew‘éaw pawweh%betmeram ynstreamyand |dpwe$tre(am a

20ng/ yea%hdénbﬂWB&E@hﬁheaﬁleatréﬁddﬂér' SRib chmehﬂlfsfoeg of Q. 4rbin! ibn
pol ystyrene beads ectin Burfer) whi ¢ S5yeast mannoprotein d been

i mobi | i sed. a?*hshmhbadr%%omeg\ew a}mWé‘}"@"‘b‘F é?ﬁh?é!@‘ub\y Qfﬁéowtcﬂollbwl ng
procedure. Protein | mobolisation on Carboxyl at ed Pol ystyrene Beads 30

50pl1 of 10% sol ig agj d%d car boxyl at ed pol yrene 5 om cron beads
(Pol ymer |abs) sOl'&PIR T TRYeRdetal wiiried oy 'yl m@fﬁlonéréﬁpr’v P NitKiSRNhen

cent rifouged s6llforDBO0BOT &N, - SﬁBWdéﬁi wme/»ﬁﬁaﬁme@omﬁe bhgoheadargier e

diluted in &{ﬂ of geous sol ution
N (3-di neth °é?H§Wd’Y?§E‘§ )”‘tﬂld‘sé'“??w’%tﬁfﬁw?'f ﬁ'i"?ﬂ’e 35hydrochl ori de), 15mM
NI -1SS (N hydroxysul fosucci ni m de sodi um salt) and 50mM PBS

In the next step of the procedure, the platforms were treated with a 10% NaBH,
w/v ethano! solution overnight at room temperature to effect reduction of the nitro
15 groups to amino groups.

The platforms were then washed several times in distilled water, ethanol and
Lectin Buffer (4M NaCl, 10mM Tris, pH7.2, 10mM CaCl,, 10mM MnCl,) with air drying
between washes. Finally, the platforms were air dried.

20
Example 2
This Example describes production of an assay device in accordance with the
invention in which yeast mannoprotein is immobilised within the capillary of a
25 polycarbonate substrate and has labelled Concavalin A displaceably bound thereto.
Step 1
30 Aminated polycarbonate platforms prepared in accordance with the procedure

of Example 1 were reacted with an aqueous solution of 5mM N-(3-

dimethylaminopropyl)-N_-ethylcarbodiimide hydrochloride), 0.33mM N-

hydroxysulfosuccinimide sodium salt 5mM 11-mercaptoundecanoic acid in a 0.1M MES

buffer pH6.5 for 3hrs and subsequently washed in Lectin Buffer. (MES is an
35 abbreviation for the compound 2-(N-morpholino)ethanesuifonic acid).



WO 2012/ 049465PCT/ GB2011/ 001487 27 at pH 7.3 with 2ng/ nl of yeast
mannoprotein. The m x was shaken at roomtenperature for 3hrs and then
washed; swpeprausss was t hen renoved and the beads wer ePCUrGH2er1/ongsned in
Lectin Buffer prior to being separated by centrifugation (13, 000r pm 5mi ns).
The beads were taken up in Iml of Lectin Buffer and kept at 4C. 5 Assay
Procedure The sanples (i) 20m#Anil yeast mannoprotein, and (ii)
2ng/ mL beads with conjugated yeast mannoprotein (both in Lectin Buffer) and
were run by capillary action 10on the platforns produced in accordance with

Exanpl es 2, 3 angket-air dryln? 1 /ﬁiﬂ?é’aéﬂ%nﬁbbr@ww DedtinBuHeP \Wad Bddedanpithe ary
pat hway and 5 pl were colTect romthe end of the cap |IIar¥‘4§snd added to

30 pl of HR‘FaP;li'@B@?t I eehidoatmoReNeRe Afh &t ARG thes shbslialy wes) allswedtlp $'andin

eppendor . SRk, VS ioAHE delnER VRLR AldciPaargl es were read at a
spectrophotoneter. The results are shown in the foll ow ng Tabl e: Exanple

No. Saﬁpl e |l oaded on platform (1m ), and absorbance at 446-456nm Lectin

gur\é er ZE”U/ Ml Yenss prrreaaRRédiced POTEAboARa platfaRRs POLKIER | dhst eiinwgsrotsh beads
pea was immobilised in the capillaries.

Step 2
10
This step describes the displaceable binding of labelled Concavalin A to the
immobilised yeast mannoprotein of the polycarbonate platforms produced in the
previous step. The label used was Horse Radish Peroxidase (HRP).

15 Concavalin A was biotinylated according to manufacturer's instructions
(BiotinTag micro biotinylation kit, Sigma). Avidin-HRP was part of the kit. A 30ul mix of
biotinylated Concavalin A/avidin-HRP/Lectin Buffer at 10/5/85 ratios was added on the
capillary for 2hrs at RT in a humidified atmosphere. The treated platforms were then
washed in Lectin Buffer and air dried.

20
An assay device in accordance with the invention was prepared by affixing adhesive
plastics tape (water resistant adhesive) over the top of the capillary channels to
complete the capillary tubes for the device.

25 Example 3

This Example describes production of an assay device in accordance with the
invention in which yeast mannoprotein is immobilised within the capillary of a
polycarbonate substrate and has labelled Concavalin A displaceably bound thereto.
30
Step 1

Aminated polycarbonate platforms prepared in accordance with the procedure
of Example 1 were reacted with an aqueous solution of 5mM N-(3-
35 dimethylaminopropyl)-N_-ethylcarbodiimide hydrochloride), 0.33mM N-



Weak Col our 3.000 (456nnm) 3 No peak 2.699 (448.5n 2.224 (446n 4 No peak
2.501 (446nm) Over 4.000 (446nm) 20The results dg)m)nstrat((a tha’[r)the yegst
nmannopr otworoix4pd4se sanpl es bei ng assayed (i.e. sanpl esPCI)GENU/0I48)) was
able to displace the Concavalin A that had been display sanpling bound to

t he yeast mannoprotein that had been inmmpbilised in the capillary pathway.
Overal |, the best results were obtai ned?With the pol ycarbonate platform
produced in accordance_ w th Exanp

anple 4. 1 articul ar, the. i
WO 2012/ 04Qwewmfm1n1m®8f&é‘?”‘z%’ﬁ‘p‘i’%“t"ﬂgr’ﬁ?rﬁé?‘ﬁ&j“fﬁ?én@gg%ﬁ'ig)r(?jWgaEgc] this
beads provigagr s 5 kIhrshehkn Washéd indiestieBotérnat i ons tested. The signal
was considerably inproved as conpared to the assay run, on that platform
using the 20ng/ il sol ution of yeast mannoprotein, thus denobnstrating signal
anplification. Sfter air drying, 1mg/ml yeast mannoprotein (in an aqueous solution of 5mM N-

5 (3-dimethylaminopropyl)-N_-ethylcarbodiimide hydrochloride), 0.33mM N-
hydroxysulfosuccinimide sodium salt in a 0.1M MES buffer pH6.5 was added to the
capillaries in a humidified atmosphere at 4°C and the platforms were allowed to stand
overnight.

10 The treated platforms were washed in Lectin Buffer and air dried.

This step produced polycarbonate platforms in which yeast mannoprotein was

immobilised in the capillaries.
15 Step 2

Using the procedure of Step 2 of Example 2, HRP-labelled Concavalin A was
displaceably bound to the immobilised yeast mannoprotein of the platforms produced in
accordance with Step 1 of this Example.

20
An assay device in accordance with the invention was prepared by affixing adhesive
plastics tape (water resistant adhesive) over the top of the capillary channels to
complete the capillary tubes for the device.

25 Example 4

This Example describes production of an assay device in accordance with the
invention in which yeast mannoprotein is immobilised within the capillary of a
polycarbonate substrate and has labelled Concavalin A displaceably bound thereto.
30
Step 1

Aminated polycarbonate platforms produced in accordance with the procedure
of Example 1 were reacted with an aqueous solution of 5mM N-(3-
35 dimethylaminopropyl)-N_-ethylcarbodiimide hydrochloride), 0.33mM N-



Exanple 6 This Exanple provides a further denonstration of signal
anplification A nunber of assay devices were prepared as described in
Exanpl e 4wendida4b46er paper 10saturated in HRP substrat epameB20r1/008482d wWas
pl aced at the end of the capillary The following five test anal ytes were
run on the devices using the assay: 1. 2ng/nl pol ystyrene beads with

i mobi | i sed yeast nmannoprotein, preparedbas described in Exanple 5. 2.
2mg/ mL pol ystyrene beads with i mmobilised Concavalin A prepared as

15descr i bedhydroxysalipausciginide sedins sat Bnvhil-metpaptoundecaaigliacldl inaflbtM MES yeast
mannopr ot ei : / ; )@aﬁ ki fiekf

Concaval i n u%? " '/’n%%ong%nrtl%lﬁﬁgﬂe [ bfa)z/i 3?9%82§&F§E:T'inﬂa Bﬁr}'ﬁ%?ﬂ étﬁgSphelgeot h
mannopr ot ei ﬁtéﬁcﬁ&ﬁi'@mém siapd evaipidptat ed to beads (ie test analytes 1 and
2) produced a visible blue signal on the filter paper, whereas free yeast
mannoprotein, free Concavalin A, unconjugated beads _and |ectin buffer did
not. Bdfanple 7 The treatep platfoempveredberbasheagivith Lackie Butferandgr dyed.

pol ycarbonate platformin which an Aigonucleotide is inmobilised in the

capillary and has a | abelled A igonucl eotide bound thereto. WO
2012/ 049465PCT/ GBh® P19qsduresyf this Step produced polycarbonate platforms in which yeast

mannoprotein was immobilised in the capillaries.
10 Step 2

Using the procedure of Step 2 of Example 2, HRP-labelled Concavalin A was
displaceably bound to the yeast mannoprotein in the capillaries.

15 An assay device in accordance with the invention was prepared by affixing adhesive
plastics tape (water resistant adhesive) over the top of the capillary channels to
complete the capillary tubes for the device.

Example 5
20
This Example describes testing of the assay devices (with displaceably bound
HRP-labelled Concavalin A) produced in accordance with Examples 2, 3 and 4 for
displacement of the Concavalin A by either (i) a 20mg/ml yeast mannoprotein as a
solution in Lectin Buffer, or (i) 2mg/ml polystyrene beads (in Lectin Buffer) on which
25 yeast mannoprotein had been immobilised.
The beads for test (ii) were prepared by the following procedure.
Protein immobolisation on Carboxylated Polystyrene Beads
30

50pl of 10% solid to liquid carboxylated polystyrene 5 micron beads (Polymer

labs) soiution was washed once in 1ml of Lectin Buffer and then centrifuged
(13,000rpm 5mins). Supernatant was removed and the beads were diluted in 1ml of an
aqueous solution of 75mM  N-(3-dimethylaminopropyl)-N_-ethylcarbodiimide

35 hydrochloride), 15mM NHSS (N-hydroxysulfosuccinimide sodium salt) and 50mM PBS



29 The ami nated platfornms were i mMmersed in a solution of 5%

gl ut aral dehyde v/v (0.1M PBS, pH6.5) and 5% Tri net hyl am noborane in a

beaker amsiopbmimedcsn an ultrasonic bath for 2 hours at PODGR2eNP®IATUr €,
The platforms were then washed 5extensively with ethanol and air dried.

Nei sseria nmeningitides 5 NH ATTTTAATTACGAAGGCTACGCATT 3' were dissolved in
0. 1M carbonate buffer pH 9.0 (0.1- 10unm27 20p1 of the solution was applied
to the capillaries on the platformand allowed to react for 4 hours at room
10t enper at urd P &3wwith adnaimp ek ryeastTivanpbrrofedy. nsThee neix twasn shalksinedt ooare i n

PBS and air tg{ng Sture for 3hrs and g@ﬁyﬁ%ﬁéf;&ﬁﬁaﬂ%@wpﬁaé m%%ag?%g??dng)e beads

ol i gonucl eoti de was determ ne p an enzyne ‘
phosphat ase)wérabkirthed wagberhdn diectivrituflee qiriotide  aing Separatedi Ay mentrifugationles 5'

Sarpl & Bl at oy B LA eT amd Dot b v A P 0

sanpl e gl atform Equi nolar second o

capillaPy for 10 mnutes at roomtenperature in 1X SSC. The pl atform was
t hen washed yghh plotegie (A 20X stock sol ution consists of 3M sodi um
chloride and 300mMM trisodiumcitrate (adjusted to pH7.0 with HCl .)
Substrate for Al kaline Phosphatase (NBT/BCLP) was the added to the

capi Il ary 25and arneobaiplesiQy E2MRAMI yESFONENAMAOH, BRAL (il BRafRiReedd3NwWiRS
conpl ete (linkage and hybridi sation). 30 WD 2012/ 049465PCT/ GB2011/ 001487
30 CLAI MB: conjugated yeast' mannoprotein (both in Lectin Buffer) and were run by capillary action

10 on the platforms produced in accordance with Examples 2, 3 and 4.

Liquid was allowed to run along the capillary pathway and 5 pl were collected
from the end of the capillary and added to 30 p! of HRP substrate (from DRG
Diagnastics estradiol ELISA kit) in an eppendorf. Colour was allowed to develop and

15 samples were read at a spectrophotometer.

The results are shown in the following Table:

[ Example | Sample loaded on platform (1ml), and absorbance at 446-456nm
No.
Lectin Buffer | 20mg/ml  Yeast | 2mg/ml Yeast mannoprotein conjugated
mannoprotein beads
2 No peak Weak Colour 3.000 (456nm)
No peak 2.699 (448.5nm) | 2.224 (446nm)
No peak 2.501 (446nm) Over 4.000 (446nm)
20 The results demonstrate that the yeast mannoprotein in the samples being

assayed (i.e. samples (i) and (ii)) was able to displace the Concavalin A that had been
display sampling bound to the yeast mannoprotein that had been immobilised in the
capillary pathway. Overall, the best results were obtained with the polycarbonate
platform produced in accordance with Example 4. In particular, the assay run on this



1. An assay device for determning the presence and/or anmount of an anal yte
present or potentially present in a liquid sanple, the device conprising: 5
(i)a capiwban/umsé havi ng an upstream regi on i nto whi cirCTiGB28E0MPI487t O be
assayed is introduced for transfer by capillary action along the capillary
tube to a downstreamregion thereof; 10(ii)a collection of first binding
partners immobilised within the capillarg8tube, said first binding partners
bei ng capabl e of specifically binding to the analyte; (iii)a collection of
second bi ndi pigtferar tusings théi gp*siceqtiﬂgayedmaadk tpoowidediStieabestosigodl shiall bixr st

bi ndi ng part f.' r nd| pa s, .l npbilised
i thin the cann AR fited "SR wst Ehderiy RSB a0 A By and
bei ng di spl at®aire that optatforen, fusing tig rﬂ@mwnbaolutrmr of meashwmnabmtw t thube
detected; an ion for sanple that has transferred to
sai d domstrg%'ﬁn%%r\él @gnéigr?aﬁggilp éfa{g'ﬂ | ary tube, said detection region being
adapted to generate a detectable signal fromthe | abel on displaced second
bi ndi ng 5part ners that have transferred to the downstream region. 25

2. A device pgammipRig™ed in claiml wherein 10-90% by nole of said first

bi ndi ng partners have said second binding partners bound thereto.

3. Adevice as clained in claiml1 or 2 wherein the fi rst binding partners

are 30coval ent| y Tm%ﬁblé%ﬁb%efs@fDr‘tﬁé?%e%Héth@ﬁ)5f sighs amplification 4. A device
as cl ai ned :1% one of clains wherein irst and second bindi ng

partners co ehoiassRY. daHres ‘g%r&ﬁ?k?é%d aﬁae%qrfée% Bclrainme Adnddiltprapanser s
conpri si@ nuciiratedan ARPIBERRE and ¥R UHEd W8 plab&d &tRe end of the capillary

The following five test analytes were run on the devices using the assay:
1. 2mg/ml polystyrene beads with immobilised yeast mannoprotein, prepared as
described in Example 5.
2. 2mg/ml polystyrene beads with immobilised Concavalin A, prepared as
15 described in Example 5.but substituting 2mg/ml Concavalin A for the yeast
mannoprotein.

3. 2mg/m) of free yeast mannoprotein
4. 2mg/mi free Concavalin A
5. 2mg/ml unconjugated beads,
20 8. lectin buffer
Both mannoprotein and Concavalin A conjugated to beads (ie test analytes 1
and 2) produced a visible blue signal on the filter paper, whereas free yeast
mannoprotein, free Concavalin A, unconjugated beads and lectin buffer did not.
25
Example 7
This Example demonstrates production of a polycarbonate platform in which an
Oligonucleotide is immobilised in the capillary and has a labelled Oligonucleotide
bound thereto.
30

Polycarbonate platforms were prepared using the procedure described in
Example 1.



WO 2012/ 049465PCT/ (3B2011/ 001487 31 5. A device as clainmed in claim4 wherein
the nucleic acid sequences of the first binding partners and the nucleic
aci d sequeocer/m@pssshe second bindi ng partners conprise PRAGHDNA/00MRNA or
PNA sequences. 56.A device as clainmed in any one of clains 1 to 3 wherein
the first binding partners conprise antibodies and the second bi ndi ng

partners conprise antigens. 7. A dgvice as clained in any one of
claims 1 to 3 wherein the first binding partner conprises a polysaccharide
and the second binding partner conprises a lectin. 10 8. A device as

clainmed in any on £ ¢l ai nerei n the defect)jon regqi

i ncorporates a reghgﬁ{n ﬂsa%@%&om%cvﬂer%'%@ﬁﬁggI"éa(ioﬁi'?ﬂ 8{ e a&gm‘#es‘éﬁ’d

| abel of the (&&MoRESbpHESH@NES% nEinsethyagnborate isal Healet eptiashedsingaal -
159. A devi ce ¥-1 ' ' i.n e label is an enzyne and said
reagent syst g?hégg*r}grblg@gfsdr% g%%étrgrtgr? éémﬁ %ﬁ'p?rﬁy?een %B'I.a‘fifd’.sAwa' vﬁ%@ washed ai med
in claim8 weseesiyelswithietheaej@nd aisgsedm conpri ses an enzyme and sai d | abel

is a substrate for the enzyne. 20 11. A device as clained in any one
of clainms 8 to 10 wherein said | abel and said reagent systeminteract to

produce a |ight sNgissgria meningitidas SNHIATTERAAETACGAASEGTACBGATT B1 isher ei n
said light sugséVed i 818t&Ybnate buffer pH 9.0 (0.1- 10um). 20yl of the solution was

applied to the capillaries on the platform and allowed to react for 4 hours at room
10 temperature in a wet atmosphere.

The platforms were then washed once in PBS and air dried.

The presence of the immobilised oligonucleotide was determined by applying
15 an enzyme (alkaline phosphatase) labelled second oligonucleotide, for Neisseria
meningitides

5 Alkaline Phospatase GGAATTAATGCGTAGCCTTCGTAATTAAAATS were
added to the sample platform. Equimolar second oligonucleotide was incubated in the
20 capillary for 10 minutes at room temperature in 1X SSC. The platform was then

washed with 1XSSC. (A 20X stock solution consists of 3M sodium chloride and 300mM
trisodium citrate (adjusted to pH7.0 with HC).)

Substrate for Alkaline Phosphatase (NBT/BCIP) was the added to the capillary

25 and a colour developed, demonstrating that the reaction was complete (linkage and
hybridisation).

30



25change. 13. A device as clained in any one of clains 7 to 12
wherein the detection region conprises a well and the device is configured
so that IWORHWMEMEI ng froma downstream end of the capPCI&BROTIL#SIchar ged
into the well, said reagent system being 30present in said well.

14. A device as clained in any one of clains 1 to 13 additionally
conprising a control capillary tube int®%hich a portion of the sanple is
adapted to be introduced for transfer by capillary action along the control
capillary tgﬁzyﬁg_a downst ream r egi on 35t hereof, and a detection region for
sanpl e t hat ransferred to the downstream WO

2012/ 049465PCT/ GB2011/ 001487 32 region of the control capillary tube, said

control capillary tube bein evoid of said second bindin rtn

15. The conbi nat ?{on 0 na‘??sﬁgs‘%y'cae#\%f (ggteé@|néqgaﬁ}$earqs§ncaen§nglﬁg%giou§{ gfr?g Ito
514 with a deriipeipresenasr poteritiatyprekeont inlatiqaitisamplathe déstcecoatprisingi gnal .

16. Thg conbi nation as clained in claim15 wherein the assay device is as
defined in claim10 or 11 and the detection arrangenent is adapted to

detect the light signg) byalcagitarytedd esfrayareupstr@am region intd whichiee sample
conmbi nation as clainmed in ¢laim1l6 wherein t sa Vi s a fined
in claim1l0 or 11 and the ﬁ%?%é%ﬁ%%% llng{%%%gﬁ?raf%n%ed%&ceagﬁl?@ aacgl§ ré%fonlghe

| i ght signal by |ight trangmecspilary. tube toa downstream region thereof;

10 (i) a collection of first binding partners immobilised within the
capillary tube, said first binding partners being capable of
specifically binding to the analyte;

(i) a collection of second binding partners displaceabley bound to a
15 fraction of said first binding partners whereby there are free first
binding partners immobilised within the capillary tube, said
second binding partners having a label and being displaceable
from the first binding partners by the analyte to be detected; and

20 (iv) a detection region for sample that has transferred to said
downstream region of said capillary tube, said detection region
being adapted to generate a detectable signal from the label on
displaced second binding partners that have transferred to the
downstream region.

25
2. A device as claimed in claim 1 wherein 10-90% by mole of said first
binding partners have said second binding partners bound thereto.
3. A device as claimed in claim 1 or 2 wherein the first binding partners are
30 covalently immobilised within the capillary tube.
4. A device as claimed in any one of claims 1 to 3 wherein the first and

second binding partners comprise nucleic acid sequences and the second binding
partners comprise nucleic acid sequences hybridised thereto.
35



1518. A net hod of assaying a liquid sanple for determ ning the presence
and/ or anount of an anal yte present or potentially present in the sanple,

t he net howlocorpupesng the steps of: (a) providing a capiPCirayBzotwoesshavi ng

i rmobilised therein a collection 20 of first binding partners capabl e of
specifically binding to the analyte, said capillary tube further

i ncorporating a collection of second bin8ft ng partners displaceably bound to
a fraction of said first binding partners whereby there are free first

bi ndi ng partners S Mol Hevesdanclaiined inhelaigadiwherginy theunkcleie arid seauenngs of

25bi ndi ng papd rfﬁétsblnﬁﬁg%rﬁe sagﬁ& tﬁ%%ugl%icngcﬂ %}ng?&%bbietﬁer Qﬁotnﬂeblfmalﬁ@t

bi ndi ng partners anal etected causli ng | Tqui
sanple to fIRﬁﬁ”ﬁfﬁcﬂWS%BMr By BWRNAber PNG seaysinteésry tube to a downstream
end thereof; and 30 (c) detecting for the presence of the |abel at the
downst ream end of the capillary tube. WD 2012/ 049465PCT/ GB2011/001487 33
20. A me?hod as clfi ned #eyicel asi flaimed i anoRmerdaimsiHe fwhesein thefrshngdiag t ner s

are coval entgaynk e fphéé@ﬂlHUdfeb'aﬂdmbesééaﬁ’d blhahg pmﬁ&s corhprist dftgeRd as

claimed in any one of clainms 18 to 20 wherein first and second bi ndi ng
partners conprise nucleic acid sequences and the second bi nding partners

conprise nucl ei ¢ 7aci d psSgslitRrEsedaimedlin hpssk f84iM5A-1o 3 wherein the first binding
partner comprises a polysaccharide and the second binding partner comprises a lectin.
10
8. A device as claimed in any one of claims 1 to 7 wherein the detection
region incorporates a reagent system which is capable of interacting with said label of
the second binding partners to generate said detectable signal.

15 9. A device as claimed in claim 8 wherein the label is an enzyme and said
reagent system comprises a substrate for the enzyme.

10. A device as claimed in claim 8 wherein said reagent system comprises
an enzyme and said label is a substrate for the enzyme.
20
11. A device as claimed in any one of claims 8 to 10 wherein said label and
said reagent system interact to produce a light signal.

12. A device as claimed in claim 11 wherein said light signal is a colour
25 change.

13. A device as claimed in any one of claims 7 to 12 wherein the detection
region comprises a well and the device is configured so that liquid exiting from a
downstream end of the capillary is discharged into the well, said reagent system being

30 present in said well.

14. A device as claimed in any one of claims 1 to 13 additionally comprising

a control capillary tube into which a portion of the sample is adapted to be introduced

for transfer by capillary action along the control capillary tube to a downstream region

35 thereof, and a detection region for sample that has transferred to the downstream



22. A nmethod as clained in claim21 wherein the nucleic acid sequences of
10the first binding partners and the nucleic acid sequences of the second
bi ndi ng paotzney@wenpri se DNA, nRNA, RNA or PNA sequenc@€T/GB2011/001487
method as clained in any one of clainms 18 to 20 wherein the first binding
partners conprise antibodi es and the second bi nding partners conprise

15anti gens.

24. A nmethod as clain¥ in any one of clains 18 to

23. A

20

wherein the first binding partners conprise a polysaccharide and the second
bi ndi ng par tregers of $ifp corde! £apiayitnbe, 2gpid control caplaryfukeiehy devold af aeid i n
claim 24 for

L : | f an organi sm having surface |lectins capab
di spl aci ng tsﬁeé}ﬁatgrg'ﬁ%é,'ﬂﬁé%ti n second binding partner.

10

15

20

25

30

35

15.  The combination of an assay device as claimed in any one of claims 1 to
14 with a detection arrangement for detecting said detectable signal.

16. The combination as claimed in claim 15 wherein the assay device is as
defined in claim 10 or 11 and the detection arrangement is adapted to detect the light
signal by light reflectance.

17.  The combination as claimed in claim 16 wherein the assay device is as
defined in claim 10 or 11 and the detection arrangement is adapted to detect the light
signal by light transmission.

18. A method of assaying a liquid sample for determining the presence
and/or amount of an analyte present or potentially present in the sample, the method
comprising the steps of:

(a) providing a capillary tube having immobilised therein a collection
of first binding partners capable of specifically binding to the
analyte, said capillary tube further incorporating a collection of
second binding partners displaceably bound to a fraction of said
first binding partners whereby there are free first binding
partners immobilised within the capillary tube, said second
binding partners having a label and being displaceable from the
first binding partners by the analyte to be detected,;

(b) causing the liquid sample to flow from an upstream end of the
capillary tube to a downstream end thereof; and

(¢) detecting for the presence of the label at the downstream end of
the capillary tube.

19. A method as claimed in claim 18 wherein 10-90% by mole of said first
binding partners have said second binding partners bound thereto.

| e of
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20. A method as claimed in claim 18 or 19 wherein the first binding partners
are covalently immabilised within the capiflary tube.

5 21. A method as claimed in any one of claims 18 to 20 wherein the first and
second binding partners comprise nucleic acid sequences and the second binding
partners comprise nucleic acid seguences hybridised thereto.

22. A method as claimed in claim 21 wherein the nucleic acid sequences of
10 the first binding partners and the nucleic acid sequences of the second binding
partners comprise DNA, mRNA, RNA or PNA sequences.

23. A method as claimed in any one of claims 18 to 20 wherein the first
binding partners comprise antibodies and the second hinding partners comprise
15 antigens.

24. A method as claimed in any one of claims 18 to 20 wherein the first
binding parthers comprise a polysaccharide and the second binding partners comprise
a lectin.
20
25. A method as claimed in claim 24 for the detection of an organism having
surface lectins capable of displacing the labelled, lectin second binding partner.



