Title: ASSAY DEVI CE Abstract: The invention provides an assay
device for quantification or detection of the presence or absefppes@f an
anal yt e W0 @/27627qui d sanpl e; conprising a moulding (1) perpeReRbbyzo
renovably attached to a substantially planar plate (2) such that a part of
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ASSAY DEVICE

The present imvention relates to a device suitable for use in performing

“assays, for example immunological and related assays.

Assays, for example on biological samples, may be binding assays, for
example sandwich or competitive binding assays. Binding assays may
make use of immunological interactions. Such assays are known as
immunoassays and make use of the high specificity and high affinity of the
10 interaction between am antibody or other immunoglobulin-type molecule

and its target antigen.

- Binding assays, for example immunoassays, may be useful in medical
diagnoses. Diagnostic tests using such assays may be carried out in a

15 laboratory, medical practitioner’s surgery or hospital or in a home setting,
either by the patient or by a visiting medical practitioner. Devices suitable

for carrying out diagnostic tests, particularly those intended for use by
ndn—medica]ly trained personnel, for example patients, may be designed to

give a visible test result. These may comprise a support, for example of

20 nitrocellulose, on which an interaction may take place in order to provide
| the visible test result. Other devices suitable for carrying out diagnostic
tests may comprise a capillary test chamber formed between a plastic
moulding and a microscope glass slide. These may require a microscope

or other instrument in order to determine the test result.

Assays may make use of a lateral flow protocol, for example in which a
bibulous or non-bibulons material conducts liquid from one portion of the

device to amother. Examples of diagnostic test devices using assays,



nmoul ding forns a capillary chanber (3) between said plate aaﬂhﬁﬁ:mai d
nmoul di ng. the device further conprising a chanber (5) into ch a test
sanpl e AW F2% eagent can be introduced and further conpPCGRPVAIMIanDber
(7) capable of acconpdating an absorbent pad, wherein the said chanber
into which a test sanple and sai d chanber capabl e of hol di ng_an absorbent
pad are in lateral flow contact via 2he said capillary chanmber (3). WO
01/ 27627 1 APR 2004 PCT/ GB00/ 03949 1 ASSAY DEVI CE The present invention
relates to a device suitable for use in performng assays, for. exanple -

I mmunol ogj t s r e bi.ol pgi cal

ol es. - pagpopity TR SAURREHE of & a3t Bow BrofAFExe Ao i Ve

bi ndi ng a kAl 2 ' i Cale d actions.
S R L N S R ek Nt e SNt
and hi gh &f T9i4,948{522) ea Hibulower agiterial keiyarRN capatslet bp adsofbing! 6T

i mrunogl obul i n-type nolecule and its target anti'gen. Binding. assays, for
exanpl e i fiimbitasgayone onymore disselved ior disgersetl ceolinpgonentssof G digmidti ¢
tests using such assays may be carried out, in a 15 | aboratory, nedi cal
pract il i ofERple,svheseds ;2 Reumhibulous, materiahomays a0t 156, adﬁprheﬂld;f t he

EZH??tg_g‘” ebansise stel el ShisoNNGEor sismsrod cammoneniof s Tiguud Lyd
orve vy B LIRS ol o AR G 2o
the. vi oi blacRly, BrolhP i ifibhats BRaibles PIVRUIS miteliltimiy st c
tests mayimgude nhereatedapapenryittoeelluidsenbe mylon B btiercantérisisaghiat C

moul di ng and a mcroscope glass slide. These nmay require a mcroscope or
ot her 18 nsmaynkanséd i chrmatographic separation techniquesul t .

The apparatus disclosed in US 4,943,522 comprises a non-bibulous lateral =
.flow membrane which has on its surface a sample application zone and at
' ‘2 lateral distance from the application zone, at least one indicator zone.

15 The membrane may be bound between two sheets.

A further example of an apparatus suitable for performing immunoassays
is described in US 4,883,760. This makes use of capillary tubes and a
flexible support that enables the end of the capillary tube to be brought
20 into contact with an absorbent material by the application of moderate
manual pressure on the support. However, such an apparatus is bulky and
suitable only for producing a test result which is assessed by eye.
Known test devices, for example as summarised ‘in the docﬁments cited
25 above, may have disadvantages in terms of convenience or of flexibility or
-accuracy in performing complex assays. Thus, there is a need for a

compact device that allows complex assays, for example those requiring



25 Assays may nmake use of a lateral flow protocol, for exanple in which a
bi bul ous or non bi bulous material conducts liquid fromone portion of the
devi ce to another. -Exanpl es of diagnostic test devices usingiassRydlt 1 APR
2004 WD 01/27627. PCT/ GB00/ 03949 2 particularly those maki ng use of a

| at er al fIOM/protocoI are described aBdd reviewed, for exanple, in US
5,770,460 and in US 4,943,522. As set out .in US 4,943,522, a bibul ous
material may be -capabl e of adsorbing or -"inbibing" one or nore dissol ved
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, Exanpl es of bibulous materials may include untreat ed paper,

n|trocellulose or nylon and other materials that i o may be used in
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surface’ a SCReHPT 8 ﬁﬂ&ﬁ fifoﬁiba@alw%ma&lquuchwmple di stance fromthe

applicatio | east one indicator zone. 1is The nenbrane may be
bound bet wggﬁl%?&bnéheets A further exanple of an apparatus suitable for

per f or m ngaifiEnposesisaprising descri bed | n US 4, 883,760. This nakes use of
capillary tubes and a "flexible support that enables-the end of the

capi |l ary auberiloflow Zoneight 20 into contact with an absorbent material by
the application of noder at e nanual pressure on the support. However, such

an appar at @ssamplé stssivimgdzomuyin thel firsoPortide in Wonthet ivith Thé Titerdl t which
is assessed by eye. Known test devices, for exanple as sumarised -in the

docunet?s 2PRERIDE Sé‘EQRﬂePOIF@}l hmagdnwm/ﬁmﬂmjdmg an hbsorbeat padnveni ence
or of flexphldrbdy a® first portion is arranged in sliding relation to the second
portion such that the second portion is movable between a first position in
which there is a gap between an absorbent pad held by the second portion
‘and the lateral flow zone and a second position in which an absorbent pad

15  held by the second portion is in intimate contact with the lateral flow

zone and wherein the lateral flow zone comprises a planar capillary chamber.

It will be appreciated that a device according to the invention may be
useful in performing an assay in which binding of at least a portion of the

20. analyte to a specific binding partuer for the analyte is detected.

It is preferred that the lateral flow zone comprises a capillary chamber.
Lateral flow through the capillary chamber may occur when-liquid is
introduced into the sample receiving zone. Alternatively, the lateral flow
%5 Zome may comprise a solid support through which lateral flow may occur

when liquid is introduced into the sample receiving zone.



accuracy in performng conplex assays. Thus, there is a need for a conpact
device that allows conpl ex assays, for exanple those requiring 1 APR 2004 3
ti med i ncubation or washing steps, to be perforned reproducﬁb¥m§2&ﬂ is an
object of the invention to provide an inproved assay device. The I nvention
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0 disassembled. It is preferred that the lateral flow zome may form or

‘comprise a detection zone. .

" It is preferred that the device comprises a planar plate. It is further preferred
that the planar plate forms a wall of or support for the lateral flow zone. It is

5 particularly preferred that the planar plate or a portion thereof forms a wall of
the capillary chamber.

10

It is preferred that the detection andfor binding zome is substantially
planar. As discussed further below, more than one species of_capture
-Teagent may be immobilised in the detection or binding zone; it is
!5 " preferred that all such capture reagents are immobilised in substantially
the same plane, still more preferably -substantidlly parallel to the said
substantially planar plate. It is further preferred that the capture reagents
may be immobilised on the surface of the said planar plate. that forms a



The |l ateral flow zone may formor conprise '_a binding and/or detection
zone. The detection zone may be suitable for binding to occul ARR ¥Bkn at

| east a PEXWQ36R7f the anal yte and a specific bindi ng partper/ceooosnasd

anal yte, and to be detected. The binding zone may be suitable for binding 5
of at |east a portion of the analyte to a specific-binding partner for said
anal yte to occur; however, it may not k% suitable for such binding to be
detected. The binding and/or detection zone conprises a capture reagent,

as di scussed further below. It will be appreciated that the binding zone

may be suitab tgr det ctlg ‘fa%ﬁsu blndln |f the device.is o
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The device may cdnprise an .absorbent p e seéco I on.
10 to those skﬂledmtheart

- It is preferred that all dissolved or dispersed components of said assay or
binding reaction (with the exception of the analyte or reagent binding to
the specific binding pariner, as appropriate) flow through the device to the

15 absorbent zone at substantially equal rates. Thus, in the terminology -
summarised above, it is preferred that the lateral flow is non-bibulous
lateral flow. However, it will be appreciated that the lateral flow may be
bibulous flow.

20 Such non-bibulous flow may occur if the lateral flow occurs through a
capillary chamber, particularly if the walls of the chamber are formed of
glass or a materjal, for example a plastics material, which is wettable by

* water ie has a contact angle of less than 90° with water, as known to those
skilled in the art and as discussed further below. Suitable plastics

25 materjals are polycarbonate and styrene-acrylonitrile polymer (SAN). It
is preferred that the lateral flow occurs through a capillary chamber. It

- will be appreciated that in such an embodiment there is no requirement for

- a solid support through which lateral flow can occur.




The neans for hol ding the absorbent pad may conprise neans arranged to
grip the absorbent. pad, for exanple a push-fit arrangenent. Alternatively,
the neans nay conprise a part of the portion to which the ﬂﬂ?gﬁﬁy'be

gl ued, for exanple using a suitable @dhesive, as well knovn o0 those
skilled in the art. It is preferred that all .dissolved or dispersed
conponents of said assay or binding reaction (wth the exception of the
anal yte or reagent binding-to the specific binding partner, as
appropriate) flow through the device to the is absorbent zone at
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it will sebsapfaRy plagdr idapillifyechanben It RBvvppeserRel thadwerd fibgw. 20.Such
non bi bul ous flow may occur if the lateral flow occurs through a capillary
chanber through the katbsali flowhzomebeeurst thrbagh Hheteaid aapillariymelamber gl ass or a

material . for exanple a plastics material, which is wettable by water ie
has a coheeapillagy chsmbessmayheompuisei the detection andlap binding rose. ski | | ed

in the t .and. as _di scussed fuyrther helow Syuitable plastjcs 25 materials
are pol %&fﬁ@g&’e&&r@e@?@?‘éﬁ@ r g Zong ‘i;?ﬁsyﬂ%fre’EtSRa)be}and the preferred
that th teral fdow o rs.qL.hough a capillary chanmber. It wll be

appr eci :?Aé’g’dﬁﬂﬁq#ﬁﬁﬁﬁéﬁﬁweﬁ%%%m there is no requirement foy a solid
support through which lateral. flow can occur. 6 | .APR 2004 Thus, the
device may conprise a capillary chanber, preferably a substantially planar

capi | | arphelea chamerpial e gokrhed b ﬁie,eﬁfétrgéﬂién iﬁlﬁ:@ég&zfdlaﬁlatera'
er pillar

fl ow zone occurs through the said capillary cha . The ¢ y chamber
nmay donpisitheth ifatkatslate. OThe st portiohndap FortR Aecapilfis| diaaiber whdéle det ection
and/ or bi nding zone doés not extend beyond the boundaries of the capillary
chanber . placed directly in contact with the said planar

plate. However, it will be appreciated that a spacer, which may be in the

form of a frame-like structure, may be required between the said planar

plate and the first portion in order to form the capillary chamber.

The-capillary chamber may have a depth (for example distance between

the substantially planar plate and the part of the said portion that forms the

face of the capiliary chamber that is substantially parallel to the plane of

thé said plate) of between about 0.01mm and 2 mm, preferably between

2 0.0lmm and 1 mm, stll more preferably between 0.05 and 1 mm, yet
- more preferably between about 0.1 and 0.5 mm.

It will be appreciated that the depth should be such that liquid placed at

the edge of the capillary chamber in the sainple—recci\ring zone flows

5 across the entire capillary chamber. It is preferred that the liquid that
enters the capillary chamber substantially all flows into the absorbent pad
 when {but only when) the absorbent pad is in lateral flow contact with the
capillary chamber ie with an edge of the capillary chamber. W_ﬁen there



} 1 The capillary chanber may be formed by the first portion in cooperation
with the planar plate. The first portion may forma capillary ﬁ{@wer when
pl aced d| r-eci‘{z-hégi n contact with the said planar plate. Wévlér‘l tr will be
appr eci a¥ 3¢ a spacer, which may be in the formof a FeHREWIREY
structure, may be required between the said planar plate and the first
portion in order to formthe capillary-chanber. The capillary chanber nmay
have a depth (for exanple distance betwWeen the substantially planar plate
and the part of the said portion that forns the face of the capillary
chanber that is substantially parallel to the plane of the said plate) of
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the capillary chafber (which depends on both surface tension of the
liquid parameters, for example by the use of spacers of different thicknesses to

10 form chambers of different depths. Factors affecting capillarity are
~ discussed, for example, in Remington: The Science and Practice of
Pharmacy, 19® Ed, Mack Publishing Company 1995, particularly in
Chapter 19 of Volume 1. | -

15 The depth of the capillary chamber may not be constant over the area of '
the capillary chamber. For example, it may be advantageous for the dej;»th
of the chamber to be greater at the edge of the capillary chamber adjacent
to/in contact with the sample-receiving zone than at the edge- of fhe
capﬂlary chamber that comes into contact with the absorbent pad. Thus,

20 the depth of the chamber may decrgasé substantially evenly from the edge
of the capillary chamber adjacent to the sample-receiving zone to the edge

| of the capillary chamber that comes into contact with the absorbent pad.
' This may aid the flow of liquid through the capillary chamber, It may
make formation of bubbles in the capillary chamber less likely to occur

25 and may aid even flow of liquid across the width of the capillary chamber.

l The change in depth may preferably be achieved by a slope in the part of
the said portion that forms a face of the capillary chamber '(foi‘mec‘li' in



and the nature of the surfaces). It will be appreciated that the
appropriate depth nmay be readily determ ned for a particul ar conbination -
of paraneters, for exanple by the use of spacers of differ i cknesses
to -10 formchanbers of different depths. Factors affecting capillarity are
di scussed, for exanple, in Rem ngtor® The Science and Practice of

Phar macy, 19' Ed, Mack Publishing Conpany 1995, particularly in Chapter 19
of Volume 1. 15 The depth of the capillary chanmber nay not be constant over

the areéo@éemﬁﬂﬁﬁﬁﬂiﬂlb%sﬁiﬁm’%‘ 1anaf pPata)IPltowill bedppresiady geous for
the depth ® of the chanber to be rgater at )tTﬁIe edge orﬁfpghe capiﬁﬁtgry

chanber teslhoiestof slopenmapequireva tonipromisnpAa-ineeeise gthen n at the
edge - of the capillary chanber that cones into contact with the absorbent

pad. Thof slope mhy igaprovedhetflowofdiqeid thrgugh the capillagy chamber byt evenly
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pl ate) . betweén hbbet 26%aadi 3855 dnbsprefeiudly hbbae2% (ekpressedysidiop e a
conprom se. An increase in the degree of slope may inprove the Tlow of

i qui d {d) asigtparventagpiofilengthc@hnseshayvm in Higare Mir eases the vol une of the
capillary chanber (for a given , depth at the edge of the capillary
chander _ that comes into contact with the absorbent pad) and hence the
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contact with the absorbent pad is between about 0.01mm and 2 mm,

preferably between 0.0lmm and 1 mm, still more preferably between
0.05 and 1 mm, yet more preferably between about 0.1 and 0.5 mm. It

i will be appreciated that the first portion may comprise é part for forming
a wall of the capillary chamber that is made of or coated with a material
different to other parts of the first portion. For example, water does not
wet polyethylene effectively and thus a polyethylene surface may be less
desirable than a more polar surface, for example a glass ‘surfacc. It will

) be‘-appreciatéd that the use of a wetting agent in the liquid sample or on
the_' suﬁws of tﬁe capillary chamber may be beneficial. _

it_ is préfé_rred that the edge-to-edge length of the capillary cha_x_i_lber is
prefe:ably'be_:twe‘en 1 and 70 mm, still more preferably between about 5

5 and 25 mm.

It is preferred that at least a portion of the said planar plate is transparent to

visible, UV  and/or infra-red radiation. It 1s  further



bet ween about 1 % and 3 % nost preferably about 2 % (expressed as drop
(d) as a percentage of length (1), as shown in Figure 7). | The preferred
depth at the edge of the capillary chamber that comes into contact with
the absorbent pad is between-about 0.0lnm and 2 nm preferablAPRb@heen
0.0lmmand 1 nm still nore preferablygoetween 0.05 and 1 nm -yet .nore
preferably between about 0.1 and 0.5 It wll be appreciated that the
first portion may conprise a part for forming a wall of the capillary
chanber that is nade of or coated with a material different to other parts
of the frr tefe@édr othat FGhe exsdipl e poMidner orﬁoeﬁleno%,]aﬂ@t pgltfyettmﬁ eng
effectively and thus a pol yethyl ene surface may be less desirable than a
nmore pol ar %ﬂﬁpfa@ét cpmpraseanolmom@l that fornisaaewallt ofiithe s4id, cApilapgi at ed

that the us WE agent in the liquid sanple or on the surfaces of
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preferred cthambehis &anﬂ)aﬁéﬂﬂmsiﬁleihﬁfﬁhﬂnﬁrmﬁ:ﬁ}&iﬁﬂﬁ? transparent
conprises a portion that forms a wal | of the said capl Pary chanber. It

wi |l be appreciated-.that this may be desirable to allow detection of any
binding to the c?pture reagent in the capillary chanber. Al ternatively, at
| east a poltisdpreierred that the l?lfitﬁtﬁel'fa%ﬂwlpchrfarmsa;heldapﬂhrycthﬁm%risﬁ

transparen visible, U/ and/or infra-red radiation. s Iris preferred

t hat . the gl"ﬁge surface which forms the capillary chanber is

If the- device comprises a solid support through which the lateral flow
occurs, then it is preferred that the said solid support is of a non-blbulous
ic non-chromatographic material. As described in - US 3,770 460
bibulous materials (for example paper or mtrocellulose) may be converted
15 to materials that exhibit nonbibulous flow characteristics by the
application of blocking agents, in particular. certain .detergents and
proteins, which serve to obscure the- interactive forces that may account

for the bibulous nature of the supporis prior to treatment.

20 A solid support which supports lateral flow may be in the form of a
membrane. The membrane may have a much smaller thickuess than

. surface dimension and is hydrophilic enough to. be wetted and thus permlt
aqueous solutions and suspensions to exhibit lateral flow freely, and

preferably isotropicaily, preferably at substa_nually the same Tates for

25 various components of a sample.

Inlnnsmally non-bibulous materials mclude porous polyethylene sheets
for example the lngh density or ultra high molecular weight polyethylene




glass. 10 If the, device conprises a solid support through which the
lateral flow occurs, then it is preferred that the said sblAP® #bport is
of a NUMOHIM®H ous ie non-chromatographic material. As REUEBBUENH - US
5,770,460, bibulous materials (for exanple paper or nitrocellul ose) may be
converted 15 to materials that exhibit nonbi bul ous flow characteristics by
the application of blocking agents, 10n particular, certain . detergents
and proteins, which serve. to obscure the- interactive forces that may
account for the bi bul ous nature of the supports prior to treatnent. 20 A

s@%?aﬁzpﬁ%ém%‘éﬁawﬁuﬁééﬁa%@%? Hooex Healioiogies (Chuas ol BARbU ace
ol ut 1 onOARE:, 2841'44%“@% o' PetlBid i 37 i) 520 %2?23?’35

i sotropi GRbhhrardd IP#)OI%J?E{I é?%lnwtﬁg?rlous%nat Sitffyg ggigvari ous

conponents of a sanp I nsi ca Pials |nc ude por ous
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sheet smat250i g, genetalty beink ok @ e 100q9no! Thieesp })oﬁé diatiest’ n,
CGeorgia, USA as descrl bed, for exanple in US 4, 943 52 Thi s menbrane

has an offen tbormemhranetﬁoe wser in gheydevies afc the menﬂomﬂ%ydnei fwmt ume, of
0.57 gmcc (0.57 g/m) and an average pore dianeter of 1 to 5 '250 pm

gener al | ybeat ﬂ.gtor a'lm)mep:brannea@ orn about 0.0025amd«0.025mm)he
menbr ane fo t V] £ he i pventio be from about 10 to
50 pm . THE F)é@g&mmsr@;ia icallyop:Abe Fapgs Phoicm to 0.025

(0.25mm). The membrane may be backed with a generally water

10  impervious layer or may be self-supporting. Other membranes that may
be suitable include membranes formed from other olefin or other
“thérmoplastic materials, for example polyvinyl chloride, polyvinyl acetate,
copolymers of vinyl acetate and vinyl chloride, polyamide, polycarbonate
or polystyrene.

15
The properties of suitable membranes will be well known to those skilled
in the art, and as summarised, for example, in US 4,943,522. Thus,
‘suitable membranes may have pore sizes between about 3 to 100 pm,
preferably about 10-50 pm, be less than 0.5cm thick and be constructed of

20 .an inert material. The membrane is capable of supporting lateral flow,
preferably non-bibulous flow ie non-chromatographic flow, and preferably
-isotro;iic flow. The lateral flow may occur by a mechanism involving
t:apiﬂary action. - _ -

25  Blocking agents that may be used to convert a bibulous material to one
.exhibiting non-bibulous flow include, as known to those skilled in the art
and described in US 5,770,460, bovine serum albumin (which may be
methylated or succinylated), whole ammal sera or other blood proteins,



to about 0.5cm (5nm thick, typically in the range 0.012 cmto 0.025 cm
(0.25mm) . The nenbrane may be backed with a generally water 11&* rvi ous

| ayer orwmen2bez7sel f - supporting. Qher nmenbranes that nmay pSficddbsie ©

i ncl ude nmenbranes formed fromother olefin or other thernoplastic
materials, for exanpl.e polyvinyl chloride, polyvinyl acetate,- copolyners
of vinyl acetate and vinyl chloride, pﬁiyam' de, polycarbonate or

pol ystyrene. 15 The properties -of suitable nenbranes will be well known to
those skilled in the art, and as summarised, for example, in US 4,943, 522.
Thus, suitable nmenbranes may have pore sizes between about 3 to 100 pm

pr ef er abl y cabeintantOnéf fadrybmilkes Ddtbsienfbased bhidl&ingfageﬁ% ﬁagsapw-s&ed of
20 . an inert material. The nenbrane -1s capabl e of Supportin at er al
flow, prefusedpkithemalomebot wsombinatien with ahproteiebasedhblockinyvagend
~preferably _is iropi c flow The lateral flow may occur by a nmechani sm

i nvol vi ng’ S!’éﬁ‘g § afgtergentsn may gngludengpelyexyethlere meprbitan usdebhod

converl . M5B, FRVEEh Yoy GBI, o APl A8 NHablE 1!
bumg [ [ d), I i pal
serum abunio) oAby Ryedifine SR SOOI RAGHES) MABhGs I 02

and non- f atcottidepatidns ReineAsng - Bask drehRRkhEY o?ggglslgpﬁ?ynﬁitéﬁaﬂe arésed.

either alone or in conbination with a proteln-bas ocki ng agent-

Sui t abl e ‘detescribed dnrkd§ 5)¥A0y460 .0 oThexadvanydge of Al t2 freate® Hbulons
detergents (Tween detergents), polyoxyethylene alcohols (eg Nonidet R 5 40)

or pol yoxydb#igriahas ¢he supporematerialomay- inotyde the kasts of rattacharesit dsff &t | ons

concerni ng such trfeat ment Sl of bi.bul oua materials, are,
reagent, for example a polypeptide or a nucleic acid, to the material,

10 which may be done prior to the said treatment of the bibulous material.

D\,

- Nitrocellulose may be useful as the support material, -as well known to
those skilled in the art. Nitrocellulose is a;ble to bind proteins without
prior sensitisation. Immunogiobulin molecules, for example, may be

15  immobilised on nitrocellulose without the need for a chemical treatment
which might interfere with the specific binding activity of the
immunoglobulin. Unused binding sites may be blocked as described
above or using a material such as polyvinylalcohol (PVA). Nitrocellilose
is available in a range of pore sizes; pore size may be selected to give the

20.. required sample flow rate. The nitrocellulose may preferably have a pore

size of at least 1 nm. More preferably, the pore size is less than about 20

pm.

It will be appreciated that analyte molecules that become immobilised on
25 the device as a result of interaction with the specific binding partner may

thereafter not flow through the device at the same rate as other

components, but it is preferred that before said immobilisation that the




described in US 5, 770,460. The advantage. of using a treated_bi ﬁul ous
.I\/ater‘jlvglu'lgs t he .support material may include the ease of hAPR nt of a
reagentQ W4E7622 anpl e a pol ypeptide or a nucleic acid, toPCHREGHARNEO,| | to
whi ch may be done prior to the said treatnment of the bibul ous nmaterial.

Ni trocel | ul ose may be useful as the support material, as well.known to
those skilled in the art. Nitrocellull@se i-s able to bind proteins wthout
prior sensitisation. |Inmunoglobulin nolecules, for exanple, nay be 15

i mobi lised on nitrocellul ose without the need for a chem cal treatnent

which mght, interfere with the specific,bi.nding activity of the :

i munog| gﬂ’b‘ﬁ%.mi’jﬁfgg‘é B-t iﬁﬂoygﬁethwvﬂﬁf' tﬂr%o@?ec?a%e dat& aspother apove or
using a Eﬁﬁﬁfoh tssuch as pol yvinyl al cohol (PVA). Nitrocellulose is
avai l abl e 1na range of pore sizes; pore size may be selected to give the
20 required sanple flowrate. The nitrocellul ose my preferably have a pore
size of at least 1 m More preferably, the pore size is |less than about 20
"m_ It wihe bdvappgesioft asinghat nensbiputouno rtsnidyatinéiadenthat niebi | i sed
on the device as a result of interaction with the specific binding partner
may 3 hespegd &f lguid |flewt alang tthe hsupport caayt behgreater using asnon-her
conponents, ,but jt is preferred that hefore said ijmobiljsation that the 1
APR 2004 lb}EP_ s7bikolowsseppaT40 Tis may Jeyult inpsarpleor meagenthr ough

non b but s, EETRARE all Tt Ot e “RIBCGE o nipeied e %mfaarzkgg:] he
my 7 osul orer BB CmES WBich 5 fe SHbRARIANY Tnd ikl Kk Soctt YRR, - T °

det ect i ogamiplé iordieien 1equid] hasaimprevihg" thiee chbAsiskincy BE tiimg oy be
substantially the sane for each said :
10 incubation across the detection and/or binding zone.

The sample receiving zone is capable of having the said liquid sample
applied to it such that the liquid is able to flow into the lateral flow zone,
which may comprise a detection and/or binding zone. Thus, the sample
I5 receiving zone may be a chamber in lateral flow contact with the lateral
flow zone, which may comprise a detection and/or binding zone (ie lateral
flow is possible between the lateral flow zone and the chamber). The
- chamber has an aperture through which the liquid sample is introduced
into the chamber. '
20 , L . :
It is preferred that the sample receiving zone comprises a chamber,
preferably with a volume between about 5 and 2000 pl, more preferably
between about 10 and 200 pl. -

25 Alteinatively, the sample receiving zone may comprise a solid support
capable of conducting lateral flow of the liquid sample into the detection
or binding zone. The solid support preferably has good wettability and
wicking action, as known to those skilled in the art and as described in US



sanple or reagent liquid, thus inproving the consistency of timng of to

I ncubation across the detection and/or binding zone. The sanpkfe 200cei vi ng
zone i s WP of - having the said liquid sanpl e appli ed BOT/GBo0ZEE4. t hat
the liquid is able to flowinto the lateral ™ flow zone, which nay conhprise
a detection and/or binding zone. Thus, the sanple 15 -receiving zone nay.
be a chanber in lateral flow contact wygh the lateral flow zone, which may
conprise a detection and/or binding zone (ie lateral flowis possible
between the lateral flow zone and the chanber). The chanber has an
aperture tgrjﬁfaééhl ch the liquid sanple is introduced into. the chanber.
ao It is p el tansk 1oWe asalile cand cksagenyy retensiono ppeperiesa cTheser
preferably with.a vol une. nore preferably

b I
bet ween abBERPSTHES ML A1 Ie’}l er}ﬁi@%ﬁfﬁ%ﬂ?ﬁ oﬁ%é‘llpgéﬁﬂ the analytg o zone
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PCT/ GB0®/ 08eunducting fiod-bibulans lateral flow|, ut definddrabagent retention
properties. These properties may assist in the transfer of the liquid
sanple and the analyte or reagent to - the detection or binding zone. It

is preferr that the sanple receiving zpone, for. exanple conprising a
solid suppﬁ?’F,W’&af%!‘gﬁgfm@ n@é’nﬂ@&lﬂrﬁﬁ %dﬂe@m%tﬂhﬂ@rmﬂmw as
defined. ab : r L ¥i Nd,zone,my. conpri se hani cal, filter
to renove Bé@ﬁ%ﬁl@?ﬁﬁ&ﬁ# :‘W‘? ﬁ@nﬁpg%{ui d”s%@.e’ &%Mﬂ?ﬁbq he

filter maycheable of removing cells from a sample, for example erythrocytes from a

10 blood sample, and/or of r_emoving debris from a food or environmental

sample, for example from a drinking water sample.

It will be appreciated that the sample receiving zone and a detection
and/or binding zone may be in lateral flow contact via a zone (which may -
15 be part of the lateral flow zone) of the device, in which a reagent is

present, for example a label reagent, as discussed further below.

The detection and/or binding zone comprises a capture reagent which is

. immobilised in the said detection and/or binding zone. The capture agent

20 immobilised in a detection zone is such that the amount of a detectable
label that remains in the detection zone when the assay is performed is a
function of the presence/absence and/or concentration of the analyte in the
liquid sample. By “immobilised” is meant that the capture reagent ‘is

retained in the said detection zone throughout the assay procedure.

Suitable combinations of capture reagent, analyte and detectable label will
‘be well known to those skilled in the art. However, it will be appreciated

that the device of the invention is suitable for performing assays in which



capabl e of renoving cells froma sanple, for exanple erythrfdﬁﬁbﬁP{ron1a to
bl ood sanple, and/or of renoving debris froma food or envi

sanpl eWOFIR2767anpl e from a drinking water sanple. It wil PCREHAINBMI at ed
that the sanple. receiving zone and a. detection and/or binding. zone may
be in lateral flow contact via a zone (which may 15 be part of the |ateral
flow zone) of the device, in which al4eagent is present, for exanple a

| abel reagent, as discussed further below. The detection and/or blndlng
zone conprises a capture reagent which is |nnDb|I|sed in the said

det ection and/ or bindi zpne, The cagpture O imobilised in a
det ect i orVashiag |%8H%Ta%ncphéuﬁ% P’@Fie t ‘JRPEse) Ofh3%e 1 ermai ns
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Capt Ur e nepiihe U OF BChidsecinentionaialy b |greardreihionl thekpage L0 ¢ hose

skilled i e art. However, it will be appréeciated that the device of the
i nvensi orpossible ivtitdh keotwar depecés)rsuchgssthoay deseribed i US SPRQA60. WO

6] ./27627 PCT/ GB00/ 03949 14 washi ng steps and/or incubations of predefined
and- precise duration. are required. Known assay devi ces may not be

sui tabl e or the erfor mance E)Pass s, of thes t hus t range of

assays t cH pc e B‘i"és@ffﬂmp éhtion may

deser ?ﬁéﬁ)qlxﬁ%;%l%a %@‘&%oag’l?ﬁ?@&%ﬁ?@l’ﬁ@ﬁé@aﬁi%@\dggﬁdsoﬁg%@&%@ﬁ pose

mol ecul €, o f 5 E‘e&%gipﬂh acgagoo?l?'tbpﬁ’%lﬁesu rCsitace aré AvEll%known to

polysaccharlde attachi ng uch a capture reagent to a SO|Id
suppofot  ahosé skilled Bf the/ettland<adistessed further below. Such means may

include covalent artachment, adsorption or physical entrapment methods.

Méthods involving in situ synthesis, as well known to those skilled in the
art, may be employed. Adsorbtion may be achieved by drying of a
-solution. or suspension of the capture reagent on the device, for example
15 on a solid support member or on a wall of the capillary chamber. '
Derivatization, for example of a membrane (solid support) may permit
covalent bonding, for example using ghtaraldehyde or a carbodiimide.
The capture reagent may be attached to another material which may be
physically entrapped in the detection and/or binding zone or otherwise
20 . immobilised in the detection and/or binding zome by any physical,
chemical or biological means. Thus, the capture reagent may be present
-on beads which may be trapped in the solid support in the detection and/or
binding zone. -

25 The first and second portions and/or the substantially plapar plate may
cooperate to form a chamber for receiving the absorbent pad. The
- chamber may enclose the absorbent pad such that the absorbent pad is not

in liquid communication with the exterior of the device (other than any



o those skilled in the an and are di scussed further below Such nmeans may
i ncl ude coval ent attachnment, adsorption or physical entrapnena ods.

Met hods w%h%b?g'in situ synthesis, as well known to thoa&i&é&ﬂﬁé@%in t he
art, may be enployed. Adsorbtion may be achi eved by drying © =80l ution
or suspension of the capture reagent on the device, for exanple IS on a
solid support nenber or on a wall of tgﬁ capil l ary chanber.

Derivatization, for exanple of a nenbrane (solid support) may permt

coval ent bondi ng, for exanple using glutaral dehyde or a carbodi-imi de. The
capture reagent may be attached to another material which nmay be

physi cal | y cendmanieation rthitvegliiehe dhicesl A0¢/ 2onk) NsH TRatZHARI Lse 20

i rmobilised in the detection and/or binding zghe b?ﬂghﬁqgﬁggfggpfim%henicaI
or bi ol ogi ¢bsorhenhpadTisisnbstanticlyt unablectydenk ot OF the edevite. olt heads
whi ch may .be lid support in the detection and/or binding

ane. 25 T‘ﬁgﬁ%&i)aﬁqﬁﬂg:@gﬁe %ﬁcﬁqcilh n%?%t?ﬁcﬂﬁﬁﬂfm mg?;]dm%libed/aboma(rj )
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flow zone) fiowzohat liquid held in the absorbent pad is substantially
unable to leak out of the device. It is preferred that the chanber

encl oses the ‘absorbent pad as descri bed above when the second portion is
in the secggdiﬂgsition-relatiye tothe first 5 portion ie when the.

absor bent further-he Appeccidied bat the present deviceamay bevsuitable forr wi | |
further be agpreciqt ed that the ﬁ{es t dev(i e rrgg/ he suitable for wuse in
an aut omat &4 PR AYiqmated, pr ‘i oh%% @ ‘ﬁﬂpﬂ f: Hquids «nihe sample

10  receiving zone and movement of the second portion of the device between
the said two positions relative to the first portion may be undertaken by a
" robotic system. | | | ]

The device may be disposable. It may be sterilisable, for example by
15 autoclaving or irradiation, as well known to those skilled in the art.
Preferably, the device is formed such that disassembly of the device is not

required for determination of the assay result.

The first and second portions may be configured and arranged such that

20 the second portion is locked or is lockable in relation to the first portion
once it has been moved to the second position ie the device becomes
locked or is lockable in a conformation in which the absorbent pad is held
in intimate contact with the lateral flow zone. Suitable cooperating means
on the first and second portions will be known to those skilled in the art.

25 In one alternative arrangement, the device may comprise spring means
which serve to return the second portion to the first position once a force
required to move the second portion to the second position has been
removed. ' -



10 receiving zone and novenent of the second' portion of the device between
the said two positions relative to the first portion nmay be undertaken by a
robotic system The device nmay be disposable. It nmay be stérAPRi 8bl e, for
exanple by 15 autoclaving or irradiation, as well known to.those skilled
in the art. Preferably, the device i 56f or med such t hat di sassenbly of the
device is not required for determ nation of the assay result. The first
and second portions may be configured and arranged such that 20 the second
portion is |locked or is lockable in relation to the first portion once it
has been noved to the Second position ie the device becones |ocked or is

cont act (A e Pateraree [k SNE S PRSP OB, idthacn fRcfudcy 0™ °

first arpbﬁmﬂnnﬁﬂamgwmﬂ\fdrkmhg 0f ahQasship FRvide Imegadmoh% .25 1n

one alternative arrangenent, the device may conpri se spring neans™ which

serve t ocarefigured tthebes penngngndint boRemovible dtiachablBoR hi slAnANpRited afOr Ce
reqU|red to ' nove the second portion to the second position has been

r enovied. dascribgd gb@m ;mhﬂaabwpartpﬁsaldlpprtm @m?mhatmaaplummﬁ?mpect of the
:jng,‘gtﬁl’ EMO\@@I?T]F%EOH %{msﬁgﬂ@u ol ggﬁﬂgr orm ﬂ:%al’t 0 angglsfla:/ y
Sor 1 on Paticlodted if Iafmiing Csdifipt fERikp Ee%%q%\éﬁeg@ wi "i“%e‘)safﬁ'

portion pqdivin aidneoaiud ?ﬁdﬁgglllﬁafs bﬁfjbelpéfé it bhftake (i sanpl e

recei vi ng zone wherel n the recel vl ng zSne an capillary
chanber. esmstatt). coPiefetablye a Irpakatcﬂ’r ﬂhe fﬁdiﬁoncgﬂf@&phtwpi@fﬁﬁﬁﬁh%ma part of
the portion 8art|C| pates in formng a o chanber capabl e of acco dating an
absor®enchamtier wapable: © eacommdanng an absogemtwpad, t wheceipi lthar y

chanber . Er eferably, the sg
f 1S 10 contact thh the capﬂlary chamber. Preferably, the sample

receiving zone and the chamber are in lateral flow contact via the capillary
chamber.

S5 Itis preferred that the first portion and/or second portion is or comprises a
-.pl.astics moulding. It will be appreciated that the moulding may be formed
by processes including moulding and/or other shaping or finishing
procedures, for example pressing, as are well known to those skilled in
the art. It will be appreciated that the methods employed in providing the

0 moulding are not critical to the performance of the invention.

The mqgl@ing may, for example, comprise or be formed of any suitable
: plastic, as known to ﬁ_l_Oée skilled in the art. It is preferred that the plastic
'_ is a hydrophilic plastic. Preferred  plastics. may include'

25 polymethymetha!:r}’late (PMMA), polyvinylchloride, polycafbona;c_ or
pé)lystyrepe, for example styrene-acrylonitrile polymer (SAN).
Polypropylene gnd__bquethylcne are less preferred. Polycarbonate is
particularly preferred. It will be appreciated that in some apﬁli_cations; for




receiving zone and the chanber are in lateral flow contact via the
capillary chanber. .5 It is preferred that the first portion and/or second
portion i.s or conprises a plastics moulding. It will be apprﬁgkgt t hat
the moul ding may be formed by processes including nmoulding a her
shaping or finishing procedures, for ﬁ anpl e pressing, as are well known
to those skilled in the art. It wll appreci ated that the nethods
enployed in providing. the to noulding are not critical to the perfornmance
of the invention. The noul ding may, for exanple, conprise. or be fornmed of

any sui tabé:&m]?leaﬂidsé rethig)wen&ﬁoﬁl'ag% nﬁ&i[sh{'&ﬂeﬁ@ Hi‘ﬁag gFqu{;glabgq astics.

preeferred that- the plastic is a hydr ic plastic

may i ncl. udforatheplagtic td peet bh’ﬂl‘}dr&t(ﬂo(lﬂ%ﬁlasﬁgl VIfi et A ik g?
pol ycarbonate_or polystyrene, for exanple styrene-acrylonitr Iee?o%ﬁ ymer

(SAN). PofP pﬂ‘éﬁf;ﬁﬁ@?@eanﬂ ptﬂ)ydléhyi%nab dor ethe plasitier todbePeblougedonate is
t | ar] ted that I t

For' 1°Apr DIRSEFSBY il colotsed. Ao GRmale lav { droms ¥ berdesin iferhas, i

may be ge e a clear or colqg Q | astic.

de%/ect |%nsﬁ%&%an Cbgﬁlrﬁegfﬁl&eggﬁtg ?’fa%@ ?@Rﬁsﬁ' Iﬂgﬁdgemsiﬂl pl ast ic

to .be col gaMdRfbtiv 11@" ekefisthls¥ed Beldw, col oured, for exanple black: It may be

desirabl e t hat portion or conprises material, for exanple copper, with
hi gh t her mal conduct|V| ty, as discussed bel ow The first and/or second
portion may be permanently or renovably fixed to the planar plate. Thus,
for exanpl €hedirst and/or spoond poition iy be peymaseiy beneatbvatey f %@r@l e using
an adhesiv cli p ed onto the plate. Suitable adhesives W be wel |
known to tﬁ%?s@ anggiplpted i Thushdforrexanmles e fingt tpoetigremicubdihgoniagti bg i s

clippeg, °“E8n&e*21‘3 pl aftor example using an adhesive, or

clipped onto the plate. Suitable adhesives will be well known to those

skilled in the art, Preferably the portion/moulding is clipped onto the
plate. '

15 The absorbent pad may comprise any porous or fibrous material capabie
of absorbing liquid rapidly, as described, for example, in US 5,656,503.

The porosity of the material can be unidirectional (ie mth pores or ﬁbres
running wholly or predommantly parallel to an axis of the member) or

' multidirectional (omnidirectional, so that the zone or pad has an

20 * amorphous sponge-hke texture) A porous plastic material such as
‘Ppolypropylene, polyethylene (preferably of very high molecular weight),
._polywnyhdene flouride, ethylene vmylacetate | ac:ylomtnle and
pblytetraﬂuoroethylene can be wused. Paper or other cellulosic
materialssuch as nitrocellulose may also be used. A glass or other fibre

25 filter may be used. Material similar to that used in the tips of fibre tlpped
pens may be suitable. It ‘may be desirable to treat the material with a

) surface—actwe agent to reduce any mherent hydrophoblcny It is preferred

'that the matenal is robust both when dry and when mioist ‘such that the



15 The absorbent pad may conprise any porous or fibrous tﬁ;' apabl e
of abgas By iquid rapidly, as described, for exanple, :Engg) , 503.

The porosity of the material can be unidirectional (ie with pores or fibres
~running wholly of predom nantly parallel to an axis of the nenber) or

mul tidirectional (ommidirectional, sg that the zone or pad has an 20

anor phous sponge-like texture). A po §us plastic material such as :
pol ypr opyl ene, pol yethylene (preferably of very high nol ecul ar weight),

pol yvi nyl i dene flouride, ethylene vinylacetate, acrylonitrile and g
pol yt et r sddgaP eétaiseits shﬁpe%dJéﬁﬁ-thE%f‘e %E:cﬁidl@ly Belmevedi fom a

mat eri al ssuch .as nitrocelTul ose may al so be used. "A gl ass or other fibre
25 filtepositiondin which itMatwoti il contact witht the detectiondr bidding tzZome tof fibre
ti pped pens may be suitable, It may be desirable '"to treat the material
with a @aupdsidendot whichaifelst in suelh contacin\Examples of syitatlprabsiotbent. 1t i-s
preferred that the terial Lsr st poth when dry d when st ' such
that thelpa omclyge o HD76 P p bes@gm BY AR Mbagnap e 3MM | ¢ s
shape_and n_ther r ccur aj el Vv from at is ON ichit is
not i c&ﬁf‘g@? r?ﬁ'fhga%étrect i oﬁﬁ&?ﬁﬁdﬁ ré%ﬁteaqla&?g’lpégi g[gwn whi ch
It isin byt bWVh%Bﬁﬁﬁ ef | joncl ude ED
No 939 agé E%%?gén alégﬁéiﬁﬁénéﬁ}gﬁhtograp ybgg%gﬁrq% %%g efked
absor bentRa, 20-20 Maidsiie Allisgion, Msideond MEPe 0L er nat i onal Lt d,
Wat man Housé, St Leonards Road, 20-20 Mai dstone Al lington, Midstone MEL6
QLS. It will be appreciated that.-the properties of the absorbent zone or
pad may _to determ ne hHow rapidly liquid is drawn through the capillary

chanber it willtheappregiated that the prepaties ebtheabsarbenbzone o5 padomayad.
ot o deisigaBe Y Fapidi: HRBT i (TR F BT et FAb IRBh ERAFLET GTomhne
absorb entthgastaﬁ:[ﬂlglzone or chamber to the absorbent zone or pad. Methods of
~ assessing the ﬁroﬁerties of the absorbent material will be well known to
those skilled in the art. Details of the properties of the absorbent material

may routinely be provided with the absorbent material by.the supplier.
15 | | _
It is preferred that the porous pad is capable of absorbing a volume of
liquid at least equal to the volume of test sample and any reagents,
includilig washing reagents, used during the asSay. It will be appreciated
that it may be desirable to perform three washing steps in between
20 addition of reagents. It will be appreciated that the absorbent pad may
comprise one or more absorbent materials, which may have different
absorbent properties, as known to those skilled in the art. The pad may
be capable of absorbing a volume of liquid of between about 5 an(i 50
times the volume of the capillary chamber, for example about 30 ;inies or
25 '10 times the volume of the capillary chamber.

A still further aspect of the invention provides a kit of parts comprising a

plortionA for forming part of an assay device as described ;'lbove and a



may routinely be provided with the absorbent material by the supplier. 15
It is preferred that the porous pad is capable of absorbing a vol une of
liquid at | east equal to the volune of test sanple and any4rgagemss,

i ncl udi ng washing reagents, used during the assay. It will be appreciated
that it nmay be desirable to performthree washing steps in between 20
addition of reagents. It will be appregdated that the absorbent pad nay
conpri se one or nore absorbent material’s, which may have different
absorbent properties, as known to those skilled in the'art. Thé pad rmay be
capabl e of absorbing a volune of liquid of between about 5 and 50 tines

t he vol urephihat helateapo | Which, chanpertionf ¢4 capable! @fabeing PerhinEslyolr 25 10.
times the volune of the capillary chanber. A still further aspeCt of the

i nventi on FBOYaMY a kattachedpartas conpaidsing a  (Bhet i on shik f opbarmg part of
an assay deyvice as descrjbed. above and a 1 APR 2004 19 planar plate to

whi ch, t hePRYr 18K ﬂgv%a%ﬂoéﬁb?ﬁdb&%gtﬁbrmm rgagent OFmcageEngs ast ached

as said. T ' I | a ave . bilised on it a capture
reagent or hﬁ-ﬁséeegggr?t%ge%‘s IOdi ?@B@géﬁ%bo%@ﬂ@,ﬂt hQ?@ﬁi d"WYandiavgl at e may
have 5 § Mmikidg ' - ) t - reagents...A.ternatively or
i nv addﬂi tion to the g’ g?\%%ﬁpl at é Q%fhg;%ﬁ?@n%g%%lﬁbr igzteggzstyc?&dorﬂg:';{i o%

whi ch hol déddstion s ter r thegeglanar hgjlatean thés kibemhaypadonipriber 20/ gcond he
second portion is capable of holding the said absorbent pad in the chanber

capabl e. . portipcwhiditholdsgoris airangedno hodd antsokbéntad. 1 Preserabhy,
conpri se a,spacer,_ - as discussed further below. The kit may further

conpri se afiCafewmideportion) inrrapable ofeolding thy said absorent gt inothe The | dt
may still er conprise reagents suitable for carrying out an assay in
rel ation t%" 'Egrorca%%" 8& e HBs  h Anserlont Pag- “The’ kit may

10 further comprise a spacer, -as discussed further below. The kit Tay

further comprise an absorbent pad which can be held by the second
portion. The kit may still further comprise reagents suitable for carrymg

out an assay in relation to ome or more of the capture reagént(s)

- immobilised on the planar plate.
15
A further aspect of the invention provides a method of forming an assaj-,r
device of the invention comprising the step of permanently or removably
attaching a planar plate as defined in relation to the kit of partsto a porﬁon for

forming part of an assay device as described above so as to form a planar

20 <apillary chamber.
The method may further comprise the step of attaching a Seéond pbrﬁon
v_vhich holds or is arranged to hold an absorbent pad to the substantially
planar plate and/or the portion for forming part of an asﬁﬁy devics. It wﬂl
be appreciatgd _that the first and second portion and the plane;r
25 plate may be assembled in any appropriate order.

A further aspect of the invention provides the use of | a | plaﬁar

plate as defined above and/or a portion for forming part of an assay



I obilised on the planar plate. 15 A further aspect.of the invention

provi des a nethod of form ng an assay device of the invérﬂﬁpoﬁm(‘:orrpri si ng

t he s™aPOULTI6REr manently. or renovably attaching a pl anaRCTGBI®049 def i ned
inrelation to the kit of parts to a portion for formng part of an assay
device as descri bed above so as to forma planar 20 capillary chanber. The
met hod may further conprise the step20f attaching a second portion which
hol ds of is arranged to hold an absorbent pad to the substantially planar

pl ate and/or the portion for form ng part of an assay device. Lt will be
appreciated - that the first and,second portion ,and {h | anar 25 plate
may be adedse| ay defmed, absyveoprdier as¢epnd APeTHA, SV dsfox {8

i nvention_provide e u of a, pl anar | at e _as_defined above and/or a
or t1 on_ FBROEA 15 hol@ i BBscibefs Bady th saBeiths o aEy it 35 ediR00) 03040
20 devi Cﬁ%ﬁﬁhﬂﬁi‘ REH above and/or a second portion which holds or is
arranged 10 ho an absorbent pad, in form ng an assay device according to
the invention. s A further aspect of the invention provides the use of an
assay device of the invention in a nmethod of quantifying or detecting the
presemceApﬁlrthasafipmmffﬂm anantion provides dbe dissaoihn, asstyprduvice b€ | i qui d
sanple is applied to the said device, A further aspect of the invention
provi desfhes inventiond infa qugthad \Gfh guantifydeg con gtactingy thes @resenpe absence of

an analyze io M _a liquid sanple, .conprising. the steps of, appl ying the
liquid sahganee; of an @V&%Pgtlmﬁn%ﬁpf%n\%hﬁ%ﬂe&@bﬁwlq SR 1Be of the
i nvention_i in the first.positign.when the ligquid sagple is. lied to

t he devi égl?ﬁghgotlﬁs S%tqs?ga‘? 'uré‘hm%mggftﬁg ’?tvgﬂgﬁ?' RSYIHS fhe second

portion hth8& of quantifying or detecting the presence or absence of an analyte

10  in a liquid sample, comprising the steps of applying the liquid sample to a
dcvice of the invention. Preferably; the device of the invention is in _thé
ﬁi‘st position when the liquid sample is applied to the device, and the
method further comprises the step of moving the second portion to the .
second position. The step of moving the second portion may be

15 performed after a desired time has elapsed since the application of the
liquid sample to the device. Thus, the device may be used in a method of
performing a timed incubation ie in performiﬁg an assay method that
. requires a timed incubation. Further details of such methods or uses are
given below.

20 . ,

It will be appreciated that the device may be useful in determining
‘whether a specific binding partner, for a reagent present in the liquid
sample, is present in a test sample immobilised on the device, prcferably
in the lateral flow zone. Thus, the device may be useful, for example, in

25 performing an in situ hybridisation assay, a term well known to those
skilled in the art. Thus, the test sample, for example cells or a tissue
sample, may be immobilised on the device in the lateral flow zone.

Liquid reagent(s) to be applied to the test sample may be supplied to the



second position. The step of noving the second portion nmay be is perforned
after a desired tine has el apsed since the application of thleé-f*imi d

sanpl e twotgegevi ce. Thus, the device may be used in a mei,ﬁ.g Bt%( 049
performng a timed incubation ie in performng an assay ne L3
requires a tinmed incubation. Further details of such nethods or uses are
given below. 20 It will be appreciated J.hat the device may be useful in
determ ning .whether a specific bindi partner, for a reagent present in
the liquid sanple, is present in a test sanple imobilised on .the device,
preferably in the lateral flow zone. Thus, the device may be useful, for

exanpl e, i nsﬁﬁ:k&&eivlﬁlg\%ﬂa iSuch 4 vedpet | ')Sébf%l‘i‘iesésafsgif’ob@r%ﬁeéﬂ,‘é@ﬂ Known

to those skilled in the art. Thus, the test” sa exa s or a

ti ssue sangxampley lakcllednoucieics acidoantibedsierr antibody feagmert, ayhidholy zone.
Li qui d reagent ggb applied to the test sanple nay be supplied to the 1
APR 2004 \AD‘QPP%Z%B “ﬁ&fm gozhesaidh ¢ dinding panteer thae fit i
reagent may | S rghe .f eagent, for .ex le a | abelled nucleic acid,
ant i body ord%@d%ﬁggmaﬁa&ﬁhwﬁa&éﬂﬁﬁl W Bgﬁlﬁﬁjﬂgp@gﬁnbal ly to
the sai ds spgfqd fé t's“ﬂéf% Ly bl ir detect . _Further
reagents may |?1%:ﬂ%ﬁge Washi /%@éﬁ@%&%&hﬁgagﬁdagg’é%lgm“ﬁ%&%% to
detect the gkillb® ivi gawent . as well known to those skilled in the art. It
wi |l be appreciated that a device according’ to the invention may al so be
useful in perform ng other incubations in which a specific binding 10-
interaction_is, not necessarily required. Thus, the said device nmay be
useful in iHNBkbe agpeeciatedithak a devicenaeasrding:to the inventioni may dlgs bexanpl e
' the ot Sl R et Bt Thbatons i “whieh ¥ peciic Sinding. | ¢
10 interaction is not necessarily required. Thus, the said device may be

useful in incubating cells that are immobilised on the device, for example

in the lateral flow zone, with successive different media or non-specific

staining reagents. The different media may comprise, for example,

different concentrations or types of biologically active compounds; for

15 example, the device may be useful in exposing cells to a growth factor.

It will be appreciated that some embodiments of the above device may not
- be suitable or preferred for performing incubations of cells. Thus,
embodiments in which the lateral flow in the lateral flow zone -oééurs

20  through a solid support, for example through the length of a membrane,
may not be preferred for such incubations. Embodiments in which the
lateral flow in the lateral flow zone occurs through a capillary chamber

may be particularly preferred for performing such incubations. -

25 The device may be particularly suitable for use in the performance of
assays in which the result is detected using a -microscope or other
instrument and/or automated assays. The device may also be suitable for

carrying out multiple assays on a sample in a single device. The device is



staining reagents. The different nmedia may conprise, for e%gg%ﬁ&@%
di ffer entrations or types of biologically active - for 15
examMé?ﬁqéﬁagevice may be useful in exposing cells to aPGf nractor. It
wi ||l be appreciated that some enbodi nents of the above device may not be
suitable or preferred for perform ng _jncubations of cells. Thus,

enbodi nents in which the lateral flow4 n the lateral flow zone -occurs 20
t hrough a solid support, for exanple through the Iength of a menbrane,

may not be preferred for such incubations. Enbodi nents in which the

| ateral -f ' imé#’ g : Ltk anber
may be pa}r-‘méﬁlrgér#@ iﬁft?%lr%r e g) \(girt'ﬁ %gr or mﬁﬁng?ﬁgﬂy’l ﬁ%ﬁ%‘gtﬁﬁigh’s%ég he

devi ce ey digiredrtbi saftiAfisey ted bty éDrfeagefits wsedie performance of assays
in which the result is detectéd using - a m croscope or other instrunent
and/ or automated assays. The device nmay al so be suitable for carrying out

mul tiple assays on a sanple in a single device. The device is WO 01/27627
22 1 APR 2004 PCT/ GB00/ 03949 further useful .in perform ng other tined

I ncubat i ons arti.cul acly when it s .desired to.mninse the ntity of
reagem s E@Qdﬁ“’ﬁnﬁlﬂg _eﬁ‘?‘l”oﬁev\ﬁlﬁ"rﬂm’b _WaEsef i%ﬂ‘Pf?y DRE’&’ mxarrpl e
only, wt r  ngs, of which: Figure 1 shows exanpl es of
sui tabl e %Jg%@{cgr@%?ﬁg%agg @ used in a device of the invention,
i ncluding a solid phase i mmunoassay for 10 anti body. By attaching anti body
to the solid phase, the systemcan be used to assign antigen. To reduce

non- speci Figurgi nshdvgs ekamples of sitieatsie lasshy priasipled tieit rahy Gepddedinch t he
first reagent, it is usual.to add an irrelevant protein such as gelatin,
or nore rdeegel pfcthe ginvention; eincludingblaosolishyphdsee dmmihosssay tfor

support.
HPPOLs - antibody. By attaching antibody to the solid phase, the system can be
used to assign antigen. To reduce non-specific binding of IgG to the solid
phase after absorption of the first reagent, it is usual to add an irrelevant

‘protein such as gelatin, or more recently ai- glycoprotein, to block any

free sites on the support.
15 ‘
Figures 2 to 6 show views of a device of an embodiment of the invention:
- .Figure 2 shows an exploded perspective view-of components of a device
prior to assembly.
20 -

- Figure 3 shows a perspective view of an assembled device.
Figure 4 shows a view of a first portion of a device.

25 Figure 5 shows views of a device with the second portion in the first and
second positions.

Figure 6 shows elevations of an assembled device.



15 Figures 2 to 6 show views of a device of an enbodi nent of the invention:
.Figure 2 shows an expl oded perspective view of conponents| aPR 2llevi ce
prior tdove9samMIry. 20 Figure 3 shows a perspective view ofrcmGBszsdd ed
device. Figure 4 shows a view of a first portion of a device. 2s Figure 5
shows views of a device wth the second portion in the first and -second
positions. Figure 6 shows el evations g¢f3 an assenbled device. 1 APR 2004 WO
01/ 27627- PCT/ GB00/ 03949 23 Figure 7 illustrates the principles of a
sl oping. capillary chanber (side view and perspective view). s .As shown in
Figures 2 to 7, the -invention provides a device generally conprising a
first moulding 1, a substantially planar plate 2, an aperture 6 l|eading to
t he sanpl e L eceiying chanber 7, .a spacer. 4, capillary chapber 3, absorbent
pad 8, | mrBiIEsLd HUSTEFS the BRAEIIES OF o sloniag camiliamo chamber dsideng means
11. 10 Theyt]i | 3 lding 1 is permanently or renovably attached
to a subsf’%ﬁ{%ﬁﬂ’%ﬁ%ﬁ?{gvﬁ%& such as a glass or polycarbonate slide 2
such that a part of said moulding 1 forns a. capillary chanber 3 between
said plate 2 and the said noulding, the device further conprising a
chanbers5. Asnsiiow inhFigures 230 Bade dneetion previdesta Qﬁﬂ'i&?gib:ﬁéfﬁucw and
further conprising a chanber 7 capable of acConmopdati ng an absorbént pad
8, wher ei nomipeising a firstimealding: b, aisubstantiaky pplammplated d anaipdrire goer
capabl e of _haol. ding an absi)r bent pad 8 are in lateral flow contact via the
leading to the sample receiving chamber 7, a spacer 4, capillary chamber

3, absorbent pad 8, immobilised capturé reagent 9, second moulding 10
and locking means 11.
10 _
The first portion or moulding 1 is permanently or removably attached to a
substantially planar plate such as a glass or polycarbonate slide 2 such that
a part of said moulding 1 forms a capillary chamber 3 between said plate
2 and the said moulding, the device further comprising a chamber 5 into
15 which a test sample and/or reagent can be introduced and further
comprising a chamber 7 capable of accommodating an absorbent pad 8,
wherein the said chamber into which a test sample and said chamber

capable of holding an absorbent pad 8 are in lateral flow contact via the

said capillary chamber 3.

20
The device further comprises a second Iiortion or moulding 10 to which is
attached an absorbent pad 8, wherein the said absorbent pad 8 is held by
the said second moulding 10 in the said chamber 7 capable of
accommodating an absorbent pad.

25

The device has at least two conformations, characterised in that in a first
said conformation the absorbent pad 8 is not in lateral flow contact with

the said capillary chamber 3 and wherein in a second said conformation



said capillary chanber 3.. 20 The device further conprises a_second portion
or nmoulding.10 to which is attached an absorbent pad 8, vin&PR2i%0% he sai d
absor QP17 8 is held by the said second noul di ng 10 RGI/Gheo/esaisl chanber
7 capabl e of acconmmpdati ng an absorbent pad. 25 The device has at |east
two conformations, characterised in that in a first said conformation the
absorbent pad 8 is not in lateral flgg contact with the said capillary .
chanber 3 and wherein in a second said conformation WO 01n7627 24 1 APR
2004 PCT/ GB6Q 03949 the absorbent pad 8 is in lateral flow contact ie is
in intimate contact with the said capillary chanmber 3. The transition

bet ween thecabspobentpast Beisiiniateral flow epnriaet ielinHin intimate contact with ond

moul di ng,,10 i.n relation tq t first nmoulding 1 and/or said planar plate 2.
Pr ef er abflif sai é’aﬂggéﬂd:%ﬁﬂﬁ?q{i g 10 is capable of sliding along the first

nmoul di ng and/ or said planar plate 2. The planar plate 2 preferably has
di nensi ons substantially those of a to standard | aboratory m croscope

slide (s thfisi ﬂgﬂﬁ sy SRRE hﬂﬁ 5 Hﬁﬁﬁ% S8902,
S8400 or?g8027: ‘@g%{ﬁfﬁ. ch Olg]rrcrﬁ)gﬁé Lt(c)i];ﬂ Fa c?"%@%‘%ﬂje, $set, BH12
4QH, 3K) theThecatidrensildiie 40 in relatiofiato! thelfirsetrnouldingr bsaai/er sdaidle are
about 25nm x 75mMmx 1 mm It is preferred that the said planar plate is
such a splandamiatgl 2ssPreferably; the seécord numiding 10i idecapablt of sliding may have
t he advant age_of _bej ng readi Igl avajl able, of a size to fit in standard

| abor at oplpngdie dissk mowdingoand/gp saisbplanae platetZice properties to support

capillary flow and to all ow

The planar plate 2 preferably has dimensions substantially those of a

10  standard laboratory microscope slide (see, for example, Sigma microscope
slides; product mumbers S8902, S8400 or S9027: Sigma-Aldrich Company

Ltd, Fancy Road, Poole, Dorset, BH12 4QH, UK). The dimensions of a
standard Iaboratory microscope slide are about 25mm x 75mm x 1 mm. It

is preferred that the said planar plate is such a standard glass or plastic

15 microscope slide. Such a plate may have the advantage of being readily
available, of a size to fit in standard laboratory equipment, and of
appropriate surface properties to support capillary flow and to allow
attachment of biological molecules, for example polypeptides or nucleic
acids, to its surface, as known to those skilled in the art. Glass is

20 preferred for its optical properties and because of the ease with which
| molecules such as nucleic acids and polypeptides may be attached to a
glass surface. However, it will be appreciated that an optical grade
plastic, for example optical grade polycarbonate may be used in place of

glass.

The chamber 5 into which the test liquid may be introduced may have an
aperture 6 through which the test liquid is introduced into the chamber.
"Reagents may further be introduced into the chamber 5 at the same time




attachment of biol ogical nolecules, for exanple polypeptides or nucleic
acids, to its surface, as known to those skilled in the art1 A@GRaggs i s zo
pref err edvé 012762 -opti cal properties and because of the eagpr ﬁhﬁhoﬂﬂbCh

mol ecul es such as nucl eic acids and pol ypeptides may be attac &

gl ass surface. However, it will be appreciated that an optical grade

pl astic, for exanple optical grade pol ygirbonate may be used i-n place of

gl ass. 25 The chanber 5 into which the test liquid nay be introduced nmay
have an aperture 6 through which the test liquid is introduced into the
chanmber. Reagents may further be introduced into the-chanber 5 at the sane
time -1 APR 9%H08r M%Q/Qﬂﬁiﬁel]?dhmym Dnces ther telseflaquidoand/dgrer , t he

I d I' d d/ h b d
the capi| 1 aFPEEERb ds a1 D e s@ﬁﬁe”ééﬁmhéérm?ﬁP@émamly' e
b b f b dded h
chanber 5. " HquEh " Biim bkﬂ%iosﬂ%ﬁéﬁf%@@ﬂé‘” vt 8 Rinds fiawid iaplel | eq
water or a-aht/opireagéit’ iy bSO hERba df'edThEEe é*% Ry jbe

I ntroduced via the apertu e by neans manual ‘adm nistr 1 e
liquid, §orwashimgl magenu;\gfon ephnyle istilled Watetosr a%lﬁm@%ﬁ@ﬁts%ﬂm

adm ni strati on, for exa |l e by a robot-type nmachine. The vol unme o?nthe
chanber 5 |Bayrkeadda.yT th@uﬂ naay be ifitraducad vizOtie aperafiey mddngfofr abl y,

t he volune of t hanber 5 is between , :about 10 or 20 and 500 or 1000 |,
still nore ngm% ‘Hb&]%ﬁ lmnderfoxnaxml@rumg w pipetisi ldr be
appr eci at ed t qQm rJ§_e Ie r ving . 15 chanber 5
and a furthe anggrﬂﬁ%h%)% ﬁ’ﬁl a &obolypent nay
be added. Tﬂﬁémﬂeherﬁs\obﬁﬁnw (60 RabierS fsh;?x%?&fabi’} between about 5 and

10 2000 or 4000 pl. Preferably, the volume of the chamber 5 is between

-about 10 or 20 and 500 or 1000 pl, still more preferably between about 10
or and 200 or 400 pl.

It will be appreciated that the device may comprise a sample-receiving

15 chamber 5 and a further chamber (not shown) to which a further sample -
or reagent may be added. Thus, thg device may comprise a chamber of
volume less than, for example, 50 pi into which the test sample may be
- introduced, and a chamber of a volume between, for example 200 pl and

1500 pl to which a reagent for example a washing reagent may be
20  introduced.

The second portion or moulding 10 may s‘imilaﬂy be formed of a plaSﬁcs

- ‘material. The second moulding 10 may fit onto the said first inBulding 1,
for example when bonded to the said planar plate 2, and may be caﬁébie

25 of sliding along the first moulding 1 from a first position to a second
position. The absorbing pad 8 is held by the second’ moulding 10, for
example by means of a push fit or through bonding, for example lising an
adhesive. In a first pbsition of the second moulding 10 relative to the first




vol une | ess than, for exanple, 50 | into which the test sapp Y be
i ntrodyced, and a chanber of a volume between, for exanp gf gnd 1500
pl to PUpT6% reagent, for exanple a washing reagent, nak Vg4

i ntroduced. The second portion or noulding 10 may simlarly be fornmed of a
plastics material. The second nnuldigg 10 may fit onto the said first

nmoul ding 1, for exanpl e when bonded2fo t he said pl anar plate 2, and.may be
capable 2s of sliding along the first noulding 1 froma first position to a
second position. The absorbing pad 8 is "held by the second noul di ng 10;

f g it - . | :
o acnobryfath, EAOrPlah et s f gad BteeROR diftm bke TR ©. U7 "0
the fi rsEa;{‘{ﬂa?}(c?ia% 36 ARRaBSGrbenPPRACB) FhEBIAAL Nid iptesentlinand/ or

plate 2, there”"is a gap between an open“edge of the capillary chanber 3
and the alws eaptiary wicingbersBdb ndtain compact witle theabsorbenh padaPidndaisy chanber
3 is not in contact with the absorbent pad 8 and is, not - drawn into the

absor benmopattawn intothecahseaberispad & do 2 isecend dmsidonnf] thensecomd . t he
absor bent . Is.in contact, preferably close.or,intimte .contact, with
e open agding 10, dne BfRorbany phfidsdar contads, diersiably FgRe.or iEBAR " | 1" he
capi |l l ary_chanber. s In.cC Lth & N ta p LS dr awn
it of |t EREE Rty gbe orinchdle” of e, pllEnT BRARBER 3, P4iki mafigh, o
appreci a - [Fihds | ?nﬁlﬂﬁ : [ H?‘ﬁbﬁ la into
t he abso&@gsr\%daggdﬁg,&?lﬂg‘h&uhﬁ_ er Wqﬁjgugﬁ)gggtﬁftﬁ tPhgstég?rp e détirgber 5
(or addi tapdni! dehareat o¥xhei cpiliagdchanver 3niitothe dibzorbéntipad B¢ Icapi |l ary
chanber 3 and further into the absorbent pad 8. It will be "appreciated that
t he sai d wikbedppretidtedgthnd asdjquid isodeawn ot loft theeapiBary thamber3d second

positions, faor exanglee . fromsaid first . .
10  into the absorbent pad 8, any further hquid present in the sample chamber

Ol

5 (or additional chamber as discussed above) may be drawn into the
capillary chamber 3 and further into the absorbent pad 8.

It will be appreciated that the said second moulding 10 may be moved

15 between said first and second positions, for example . from said first -
‘position to said second position and then back to the said first position,
repeatedly such that liquid may be drawn into and out of the capillary
chamber 3 under the control of the operator (which may be a robotic
. system). Thus, the time for which a given liquid remains in the capillary
20 qhémbe_:r 3 may be controlled by the operator. The device may be sprung,
such that the device reverts to one of said first and second positions unless
continuous force is applied to th§ device.. Alternatively, the device may
be formed such‘ that once the said second moulding 10 has been moved to
sﬁid second position, it is locked in that position. Locking means 11 are
25 indicated, for exathple, in Figures 4, 5 and 6 and may comprise
cooperating structures, as well known to those skilled in the art, on the

first and second portions such that movement from the first position to the



position to said second position and then back to the said first. position,

repeatedly such that |iquid my be drawn. into and out of the Iary
chanber IWoofiee2i he control--of the opérator (which may be
systen). Thus, the tine for which a given liquid remains | 3??4?Iary

20 chanber 3 may be controlled by the operator The devi ce nay be sprung,
such that the device reverts to one of ,said first and second positions

unl ess continuous force is applied to2fhe devi ce. Al ternatively, the
device may be fornmed such that once the said second noul ding 10 has been
noved to said second position, it is |locked in that position Locking means
11 are . 25second gpaisitibn isoperepitizd! Whilst niove nﬂ, nprise
cooperatlng stru?gres s;lg wel | knlélv%nsﬁ to tﬁ%”?@fﬁﬁ %(r#cn the art n. the
first and Smuwwm&pbrmMMQ¢.such t hat nmovenment fromthe first p03|t|on to the
1 APR 2004 WD 01127627 PCT/ GB00O/ 03949'' 27 second position is pernitted
whi | st novenent fromthe second to the first position is resisted. The

eh 2 R Rl B i e il Gt

di bl sad t.,the d

i’ uee, 1o acth o st %Z?E#ZE% RS bt o SaSlY racpatamiage " °°
di ssassenbl digsasseribledo! | THA §4np Sbe jcﬁ:s%ﬁblen%c ﬁlﬁgv%[m[ s&ggg%vvl th.

which liquid enters and is dravvn out of the c arrber ndi ng

upon t he’ prdgvice,iiasuss, frtmm beingi spilt. CRpifetadly, ﬂi@ﬂ@@i&:e&i@é’&dnéﬁﬁﬂ@%‘t pad

8. However, it wll be appreciated that these times may be short 1In
conpari son "heyd kSﬁitssgmbﬂ%hm epfollewing use. nay be desirable for a liquid to
remain in the capillary chanber 3. 15 The device nmay be useful in the
performance of assays as descri bed -

1o As indicated above, the speed with which liquid enters and is drawn out of

the chamber 5 may vary depending upon the properties of the liquid,
capillary chamber 3 and absorbent pad 8. However, it will be appreciated
- that these times may be short in comparison to the periods for which it
may be desirable for a liquid to remain in the capillary chamber 3.
15
The device may be useful in the performance of assays as described
below. Aantigen may be used, for example -as the capture ‘reageﬁt, in the
detection of antibody (the analyte) capable of binding to the antigen‘., ‘and
‘Vice versa. A variety of immunoassay techniques will be known to those
20 skilled in the art in which the final read-out of the assay reaction iﬁvolves
a reagent cogjugated with an appropriate detectable label. Radiolabelling,
for example with ', '], may be used. However, a label which may be
detected by visunal or fluorescent means may be prefeired. Thus, the
specific recognition when detecting an antigen is provided by the primary
25  antibody (polyclonal or monocional) but the secondary 'detection'sy'stem

can utilise fluorescent, enzyme, or other c.dnjhgated secondary antibodies.



bel ow. Antigen may be used, for exanple -as the capture reagent, in the
detection of antibody (the anal yte) capable. of binding to tth&PRrfi*gen, and
vi ce \WEQIN276x7vari ety of imMmunoassay techniques w || be ROTABOVNIN® hose 20
skilled in the art in which the final read-out of the assay reaction

i nvol ves a reagent conjugated wth an appropriate detectable |abel.

Radi ol abel ling, for exanple with 1338, 1251, may be used. However, a | abel
whi ch may be ,detected by visual or fluorescent nmeans nmay be preferred.
Thus, the specific recognition when.detecting an antigen is pr.ovided by
the primary. 25 .antihody_ (polyclonal or nonoclgnal) hut the secondary.
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and the extent of this inhibition can used as a neasdre o
unl atsel | sl theneteheof tds dnhibidon @andre usdd astai medsurepsicitfel unthbelled
particular antigen in, for exanple, a serumcan be assessed by the ability
to bi nd analyketa -which is o imobilised in. the detection zone (the
capture reagent); the bound i mrunuglobin may then be estinmated by addition
of a labelled anti-Ig raised for anther species. It will be appreciated

t hat ' - hi . t b d

| mmunog! SPEeP AT of Anpboal SheRithe 101§ hattichlar anbigda i, 46r 8iple & capno
dil . dexi : . . e : q

[)ﬁ? Imat); reaﬁl [éﬁ@p@?ﬁ?ﬁgmyﬁg% \S/idggbo f@e%ﬁ?i%ﬁﬂgt&? egx;s&g?g,

a patg enjmmobilisedminl tissi dbteevivn crohe @HICdap@ir heepiB);e HECBOYAA'Y Zone 5

and fl ows '
immunoglobin may then be estimated by addition of a labelled anti-Ig

raised for aother species. It will be appreciated that such an assay
requires a washing step to remove unbound immunoglobulin from the
detection zome. Thus, this type of assay cannot readily be performed
5 using test devices in which washing is not envisaged but may readily be
performed using a device of the imvention. For example, a patient’s
serum (liquid sample) is added to the sample receiving zone 5 and flows
into the detection zone 9 (im the lateral flow zone ie capillary chamber 3)
in._which immobilised antigen (capmure reagent ) is present. Antibodies of
0 the appropriate specificity bind to the immobilised antigen. The liquid
sample is drawn out of the detection zone 9 in the capillary chamber 3 by
bringing the absorbent zone 8 into lateral flow contact with the capillary
chamber 3 (ie placing the.device into the said second conformation).
Wash buffer is' then added to the sample receiving zone 5 and remaining
'5 .serum proteins are washed from the capillary chamber 3 (incorporating
the detection zone 9) into the absorbent zone 8 as the wash buffer flows
through the lateral flow zone and hence detection zone. Bound antibody
can then be estimated by addition of a solution of labelled anti-




into the detection zone 9 (in the lateral flow zone ie capillary chanber 3)
in. which i mobilised antigen (capture reagent) is present.1M4RR B84 es of
I'p the appweprézate specificity bind to the i mobilised antpicgaesoodissel i qui d
sanple is drawn out of the detection zone 9 in the capillary chanber 3 by
bringing the absorbent zone 8 into lateral flow contact with the capillary
chanber 3 (ie. placing the, device intggt he said second confornation).

Wash buffer is then added to the sanpl € receiving zone 5 and remaining !5
serum proteins .are washed, from the capillary chanber 3 (incorporating
the detection. zone 9) into,the absorbent zone 8 as the wash buffer flows

t hrough t hdnimumoglobilinyvfan exampde atic EgGetaadt Igh, zane IgBoopchrahIpBody can
then be estinmated by addition of a solution of labelled anti 1 AP 2004 WO
0127627 PCPRuEbody ozvantibedy fragpenbiuthe sample sgegiping zone 3gfpllawed | gM |
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using a fluores ce imaging de e. For the estimation of an for
exanpl e, anbi thede eskilled pinutiee raregdot Jexatipler esing@bflubresdende tiifagigs ect i on
zone 9 and the liquid test sanple which i's being tested for the antigen
(anal yte) idevigtded to the sanple receiving zone 5 and drawn into the
detection zone 9. The device is placed into the said second conformation,
such that the liquid test sanple i's drawn out of the detection zone 9 into

t he absorb ne 8. L er hing..as_describ above, the anpunt of
antigen bom ﬁ% ?ﬁ@{)%cqfl %ﬁﬁ%‘%ﬂmf‘ﬁm» g&%@ﬁ%gcaaﬂ.l%a%% excess
of I'abgpl erainniifilised B tf*@6Rkfon zone 9 and the liquid test sample which is

being tested for the antigen (analyte) is added to the sample receiving zone

5 and drawn iﬂto the detection zope 9. The device is placed into the said
second conformation, such that the liquid test sample is drawn out of the
. detection zone 9 into the absorbent zone 8. After washing, as described
15 = above, the amount of antigen bound in the detection zone 9 can be
estimated by adding an excess of labelled antibody, for example
fluorescently labelled antibody. The specificity of the method can be
improved by the sandwich assay method, as shown .in Figure 1 and Figure
2, in which the immobilised antibody and labelled antibodies have

20 - specificities for different parts of the antigen. o

It will be appreciated that an assay system similar to those described in US
5,770,460, for example, may be used. In one such system, the liquid
sample is brought into contact with a labelled reagent which binds 'I;he
25 analyte specifically. The capture reagent immobilised in the detection
-zone 9 binds specifically to a different site on the analyte from the labelled
reagent, such that the labelled reagent and the capture reagent may
simultaneously bind to a molecule of the analyte. - The labelled reagent



fluorescently | abelled antibody. The specificity of the nmethod can be

i nproved by the sandwi ch assay method, as shown in Figure 3 ARRI2kgure 2,
i n whiwe oamms2? rmobi | | sed ant i body and | abel | ed anti bodi eBCTGEB80/024239 -
specificities for different parts-of the antigen. It will be appreciated
that an assay systemsimlar to those described in US 5,770,460, for
exanpl e, may be used. In one such syggem the liquid sanple is brought
into contact with a | abell ed reagent which binds the 25 anal yte
specifically. The capture reagent immobilised in the detection. zone 9

bi nds specifically to a different site on the analyte fromthe |abelled

r eagent , mayche taddedt toe thea ignid samjpdeg dnt thensample regeiving zoagehtomity
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sanple. The'liquid flowcarries the |abelled reagent into the detection
zone 9. Hebehdlyte netigetest sdmpld. s Theuhiquiddlowatarriesithe labeHed adagentt he
detection zone 9 by binding of the analyte to the capture reagent.
Label | ed inteathendetepdenizongo?. hdwpahelled raagent dhat is, bound: t0 mwalyte isio t he

win o hg?gﬁgé‘ B O ASIGERGREpr®, O P ARG Of HBE goAlteric e gdphie: on' zone
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the g§semeedelectishabyt®.in the liquid test sanple. :

In a second such approach, the labelled reagent competes with the analyte
~ for binding to the capture reagent in the detection zone-9. Thus the
presence of analyte in the liquid test sample leads to a lower level of
15 labelled reagent retained in the detection zone 9 than in the absence of =
analyte in the liquid test sample. |

It -will be appreciated that it is preferred that any two of the capture

- reagent, amalyte, label reagent or other reagent required by the assay

20  design, as appropriate depending on the assay design, interact specifically.

At Jeast one of the capture reagent, label reagent or other reagent required

by the assay design interact specifically with the analyte ie is-a specific
binding partner for said analyte. It is preferred that the interaction if of

high affinity. By “high affinity” is meant an interaction with a Ka of

25 between 10° and 1076 M, preferably between 10" and 10 M. By

“interact specifically” is meant that the said components interact with at

least 100-fold higher affinity (and preferably at least 500-fold, or at least

1000-fold, or at least 2000-fold higher affinity) with the intended binding




It wll be appreciated that it is preferred that any two of the capture
reagent, analyte, |abel reagent. or other reagent required byappepssay 20

desi gn, we sappepri ate dependi ng on the assay design, int BATEBV/03949
specifically. At |east one of the capture reagent, |abel reagent or other

reagent required. by the assay design interact specifically with the
analyte ie is. a specific binding par%Per for said analyte. It is
preferred that the interaction if of Tgh affinity. By "high affinity” is
meant an interaction with a Kd of 25 between - 10$% and 10.16 M. preferably
bet ween 10-13 and 10'16 M By "interact specifically" is neant that the
sai d - conpogempenent thancwithi othenmoleeutes t:A0mhg/bt diweterRid by eitiek 8nd
preferably at |east 500-fold, or at |east 1000-fold, or at ' east 2000-fold
hi gher af f ithg §3ifl Gomponents wheshpefopming the uesay] for e3anplérR 26aHple

PCT/ GB00O/ 03349 conponent than wi th ot her | ecul es that may be
encounter’ei%ﬁ" ﬁ‘?‘ﬂe?‘ Wﬁe{'he?%imoggﬂcgompéﬁ BFWEnOK ! aissay,
for exanpl mx%r@ks(?f%'] fL patient, for exanple blood, serum or
urine, or gn a food/ r‘ﬁﬁ?ﬁ%fgﬁ%%\%&?@% ntal sanple. 5 Enzynmes which give a

col ouregl reaction product may be used as the |abelled reagent. Enzynmes
such as horse radi sh peroxidase and phosphatase have been w dely enpl oyed

in enzyne- Bmymesawsddols . give vicolotrednpbadtion) prodectPhesp b assd rAapld on s
to use NADP as a substrate to 10 generate NAD which ndw acts as a coenzyne
for a secolbedledy Feagentst erEnzymephesgihaasshofseormadisiv! peroxidistesami good

conj ugat e becaus E)ﬂae eﬁz me.l.s, not i)rese.nt in tissues, is stable and

gi ves a go® Oﬂgﬁ’%ﬁe V& widelyemployed iasersyme-jinkedeassays d Aowayhzynes
such as | ugif . C sed. . Ot her suitabl nzyme | abel s incl ude,
for exanpl gﬁ W&éﬁ? gh??ﬂiﬁﬁ% G0N 15,10 %ﬁgﬁhét% 3 subgRateptooduct i on

of hydi@gegenerate NAD which now acts as a coenzyme for a second enzyme
system. Pyrophosphatase from E.coli provides'-a good conjugate because

'the enzyme is not present in tissues, is stable and gives a good reaction
colour. Chemi-luminescent systems based on enzymes such as huciferase

can also be used. Other suitable enzyme labels include, for example,

15 those from the oxidase group, which catalyze the production of hydrogén
peroxide by reacting with substrate.  Glucose oxidase is particularly
preferred as it has good stability and its substrate (glucose) is readily
available. Activity of an oxidase label may be assayed by measuring the
concentration of hydrogen peroxide formed by the ‘enzyme-labeled

20 . antibody/substrate reaction. Besides enzymes, other suitable Iabels
include radioisotopes, such aé iodine ("I, 1), carbon (**C), sulfur ¥S),
tritium (H), indjum (**’In), and technetium (®Tc), and fluorescent labels.
Examples of suitable fluorescent labels include an Eu -label, a
fluorescein label, an isothiocyanmate label, a rhodamine label, a

25 - phycoerythrin label, 2 phycocyanin label, an allophycocyanin label, an o-
- phthaldehyde label, a green fluorescent protein (GFP) fluorophore label
-and a fluorescamine label. Examples of chemiluminescent Jabels inclide a

luminal label, an isoluminal label, an aromatic acridinium ester Iabel, an




peroxi de by reacting with substrate. G ucose oxidase is pard Y rliy
prefe%‘sgﬁ %t has good stability and its substrate (gl §eadily
avai | Rk ivity of an oxi dase | abel nay be assayed by neasuring the
concentration of- hydrogen peroxide fornmed by the enzyne-|abel ed 20.

anti body/ substrate reaction. ‘Besi des_enzynes, other suitable |abels

i ncl ude radi oi sotopes, such as i odi r%z(W 1211), carbon ('4C), sulfur’
35S),- tritium (3l-1), indium("In), and technetium (I1Tc), and fl uorescent

| abel s. Exanpl es of suitable fluorescent |abels include an 152Eu -I abel ,oa

onycoer yERERrOTedgeeD a AELALACHTBAL FabdlySh oS ASRE BBl A WRLe®

pht hal defapdp h%eifer@seﬂmﬁm fandoas rif eitln ( Gtber fSuiabkphabds! abel
and a fluoreéscam ne | abel. Exanples of chemil unainescent |abels include a

lumi nal jmbele nanoj sn:lolmprmlbelsadlﬂ associatednsigbal amplification enethodsabel |- an
1 APR 2004 WD 01127627 PCT/ GB00/ 03949 32 kni dazol e | abel, an acridi nium
sal t | abbasedawm nanopardclecprameted, redunetion «of rsi \neabefor £xRamplecrgse | abel ,
and an aequorin |a O he e |ab opayticle probes
and a%so@m%gﬁqm& .(iﬁbébsjc ogé& Bzgﬁﬂf% Epj}é‘?’:&eﬁ pronot ed

reductiop of. silver, for exarrpl e as 5 described in Taton et al (2000)

Sci ence m1757 1760 and references therein. Typi cal techniques for
bi ndi ng the above-descri bed | abel s to anti bodi es are provided by Kennedy
et al., ,dio. Chun. Acta 70:1-31 (1976), and io Schurs et al, din.

Cni en. .. Wﬁ%?élnﬂ és. for/bindiig thé HBovEaREINGE labeRNtd anfBodistdie | atter
g ara

are the dehyde nmethod, The . periodate nethod, the dinmaleintide
net hod, phevidedebyi Kenmsabnzy| al\- Gi. oxﬁhmccAntzm’Mhl&]t €19%6),hadd al | of
whi ch nethods are incorporated. by reference_here

10 Schurs et al, Clin. Chim. Acta 81:1-40 (1977). Couplmg techniques

mentioned in the latter are the glutaraldehyde method, the .periodate
method, the dimaleintide method, the m-maieimidobenzyl-N-hydroxy-

succinimide ester method, all of which methods are incorporated. by
r_eference herein.
15 _

As an alternative to the enzyme, for example, being bound directly to a
labelled reagent which binds to the analyte, the labelled reagent may be
labelled with the vitamin biotin, as well known to those skilled in the art.
The bxotmylated reagent may then be readily detected by its reaction with

2 enzyme-linked avidin or streptavidin to which it binds with great.
specificity and affinity, as well known to those skilled in the art.

As used herein, the term “antibody” (Ab) is meant to include intact
molecules as well as antibody fragménts (such as, for example, Fab and
25 F(ab")2 fragments, synthetic antibody-like molecules such as single-chain
Fv fragments (ScFv) and domain antibodies (dAbs), and other molecules
with antibody-like antigen binding motifs) which are capable of
specifically binding to, for example, the analyte. Fab and F(ab')2 |



15 As an alternative. to the. enzyne, for exanple, being bound directly to
a |abelled reagent- which binds to the analyte, the |abel ledpgeament may
be | abakvbedryith the vitanmin biotin, as well known to thogea/ckiose® i n the
art. The biotinylated reagent may then be readily detected by its reaction
with 20 enzyne-linked avidin or streptavidin to which it binds wth* great
specificity and affinity, as well k#pwn to those skilled in the art. As
used herein, the term"anti body" (Ab) 1s nmeant to include intact nolecules
as well as antibody fragnents (such as, for exanple, Fab and 25 F(ab')2
fragnents, synthetic antibody-1|ike nol ecul es such as single-chain Fv
fragment s (isghentsidackidhei Feafraginent exf intacts antibody .ot fAdhe suitabilitysor wi t h
antibody-1i ke antigen hinding notifs) which are_capable of specifjcally

bi ndi ng” t oOtheawissahpniabody, dragraents Jor msg  Hhparticadan assap protocals will APR
2004 PGI/B00/0Q3949 .33 fragnent ack,the Fe fr nt of intgct antibody.
The sui tab PRI Vel deiovg e hBSE Shitfed, 361506 Rt oty Rl B bpPecialed haf & col ar
assay prot 1L s skl | ' h l§ wll be
appr eci at _eWhg’FV\?#mrP% t@gh%eel;ﬁpr agi%a%)%ﬁaggng&ri%n@ci?%a* grr?g%%ﬁyﬁ]( Mab) or
fragmens i paftidid4t agsyPistepas s khofG 1@ IhbeoWRilled ihome aiti | Aegepdial e art.
A general “review of the techniques involved in the synthesis o0f anti body
fragnents reviewhof dhaitechriques spedvéd dnthe Symthesis ef amtibiodybfrafmenes i n
Wnter & MIstein (1991) Nature 349, 293-299. 10 It will be appreciated
that the aidn¢h setaimitheir specifjc bindjagtsites i¢ taheafpued in Wintep o Milsteimgent |

may be nucl gl I ds, for | e RNA or DNA. When anal ysing hybri di sation
of an anal )‘xfégc]r)%é’r‘é%& %5%(% n assay reagent, it may be inportant to
control the tenperature at which the assay -is-perforned; in particular it
may be necessary to performdifferent steps

10 It will be appreciated that the analyte and an assay reagent, for example
the capture reagent, may be nucleic acids, for example RNA or DNA.
When analyémg hybridisation of an analyte nucleic acid to an assay
reagent, it may be important to conirol the temperature at which the assay
is performed; in particular it may be necessary to perform different steps

15 of the assay at différent temperatures. Thus, it may be desirable that the
device or a part thereof is constructed such that the device has good

* thermal conductivity from at'least one exterior surface of the device to the
detection or binding zone. Thus, a portion of .the device in cbntact with
" or forming part of the detection or binding zone 9 may be formed from a

20 material with good thermal conductivity, for example a metal, particularly

copper, as well known to those skilled in the art. Thus, in an _embodimeht

it is preferred that the temperature in the detection or binding zone 9
 changes from at least 90°C to less than 65°C when in contact with a

- copper plate whose temperature changes from 96°C to 60°C over a period

25 of 2 minutes, 1 minute or 30s, in not more than a further 2 minut'es,jl

minute, 30s or 15s after the said copper plate has reachd 60°C.

Thus, it will be appreciated that a device .of the invention may be used in

an assay to detect the presence or absence or to quantify the amount



] 5 of the assay at different tenperatures. Thus, it may be desirable that
the device or a part thereof is constructed such that the 1d40R 284has good
t her meWOCBIM625t i vity from at | east one exterior surface BCTIGROO®BMMOCE tO
the. detection er binding zone. Thus, a portion of the device in contact
with or formng part of the detection or binding zone '9 may be formed from
a 20 material with good thermal cond34¢tivity, for exanple a netal,
particularly copper, as well known to those skilled in the art. Thus, in an
enbodinment it is preferred that the tenperature in the detecti.on or

bi nding zone 9 changes fromat |east 90C to |less, than §5C when in_contact

with a cBresent jnafe sampie ok ane (analyte) § fAfidgm lsocmbl@xef a
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nucl eic agi,d« J.S.,C -0f» -hybri di $i.ngase i _ econd

(r eagesﬁt )Bkuc$ e?éug%ydmgg@agelgt&e%@c ?%#cﬁgec %%E@éléﬁcg%ﬁuﬁgg reagent
i mobi lis ' i 01315 : H (&dhSielig" i S
meant. t hat LR URCBORSE iR IO Sebond MRIIGL ST rence
si mi | ari t shaviit bah teytailise aaden dnoderassly achighi fs&ﬁn%éntthdiﬁbﬁs',déﬁ& under
nmoderately or highly stringent conditions, an preferably does not

hybri di sepraferably doss motdybnidiseta otherddmitad aiucldic acideeundemtlictsams. As i s
well known in the art, _ the Sk{ii ngepcy, of nucleic, acid 1o_hybridi zation
depends oﬁ0$‘§5‘PBFs Ascis well kngvm 1 the @rb; éleaﬁﬁralg@v@y ol oagleieasid di sati on
occur d ge. of. identity of.the hybridising sequences d on.,factors
cuoh 1 ¢ EfERitcn Rsnt o facfirebushl A Enfh RERIERIE AR Pre Rl fence.

hybridisation occurs, degree of identity of the hybridising sequences and

- on factors such as temperature, jonic strength and CG or AT content of

the sequence.

15 Typical moderately or highly stringent hybridisation conditions which lead -
to selective hybridisation are known in the art, for example those
described in Molecular Cloning, a laboratory manual, 2nd edition,
‘Sa_mbrook et al (eds), Cold Spring Harbor Laboratory Press, Cold Spring
ﬂarbor_, NY » USA, incorporated herein by reference.

itl Will.bé appreciated that nucleic acid amplification methods, for example |
polymerase chain reaction methods (PCR), QB replicase and ligése chain
reaction methods, may be performed in a device of the invention or may
be used in preparation of a sample for assay using a d_evic; of the
25 in#ehtion_. | Also, 'NASBA (nucleic acid sequence based amplification),
also called 3SR, can be used as described in Compton (1991) Nature 350,
91-92 and. AIDS (1993), Vol 7 (Suppl 2), S108 or SDA (strand
'displacement amplification) can be used as described in Walker er al



15 Typical noderately or highly stringent hybridisation conditions which
lead to selective hybridisation are known in the art, for I ,}those
descri beﬂ}dd},ﬁ%#ecul ar Cloning, a. laboratory manual, 2nd edition

Sanbr ook et al (eds), Cold Spring Harbor Laboratory Pr ess,P‘E‘BFH“WF%g

Har bor, NY, USA, .incorporated herein by reference. It wll be appreciated.
that nucleic acid anplification net hog,gﬁj for exanple polynerase chain
reaction nethods (PCR), B replicase | i gase chain reaction mnethods,
may be perforned in a device of the invention or may be used i.n
preparation of a sanple for assay using a device of the 2s invention. Al so,

NASBA ( nucl(e992)aNi6l, SRI4E Res. 205269 THo6! | gﬁ)} % & %ﬁl : can be
used as des(cri bed in Conpgegﬁ (1’98?? Nat Er eng , ffgfsan Ajl%élﬁg%i%) Vol
7. (Suppl Pprricdady prefdpred becausd ofdisssitimlivilgnt anplification) can be used
as described in VWl ker et al 1 APR 2004 WO 010627 PCT/ GB00/ 03949 35 (1992)

Nucl . Acids Res. 20, -1691-1696. The pol ynerase chain reactioen is

particul arl referred because of its sinplicity. A nucleic acid conprising
a detect abl‘% nf‘ﬁ agid cosppsiig  deteciabiedabelmaysbe wsafiaip perfarming ce of

the inventi,q =" det b " ks igclided a nyeni ent _radj oactive
| abel sﬁch a&mmﬁlﬁﬁ%ggt&gﬁﬁkeﬂ%rggdl‘?%ectﬁgy‘? mpo’fsa%w 6o a
nucl ei ¢ acipdy@nee 'F I Rt 26033 )7 nj fl.uor escent
or chem | um élrescenitl"‘i 53@?‘%‘?@%%@3%&% j;p’ beP cho_sr méﬁﬁp#ﬁ' nucl ei ¢
acid is al $e incoiputated info addnéleit) atiderdotédile Qsinle Weal od& SO

i ncl udes a noi ety whi ch can be detected by vi (ri!tslljﬁe? of g@mgﬁﬁh}ogg{ot her
moi ety (su@myaeonyveniént fiworescendrom ehemmilantinesdent Iabeldiwidch codif F&tiBy i di n) ;
and a noi e&)@,_ such as an enzyne, which can be detect ed(kli?/ virtue of its
ability to eoRgemRoratedomtn | Bideiconid s @lsoninchaded: o louadditi or vice
versa %or %&@&'b‘fe 1£ﬁe‘iala'1§‘0€i[?c']83é)shg tlﬁgi%t)? E\iJ!,'qli(':h can be detected by virtue

- of binding to another moiety (such as biotin which can be detected by

binding to streptavidin); and a moiety, such as an enzyme, which can be
detected by virtue of its ability to convert a colourless compound into a
coloured compound, or vice versa (for example, alkaline phoéphatas‘e can
15 convert colourless o-nitrophenylphosphate into coloured o-nitrophenol).
Fluorophore-quencher pairs or fluorescence polarisation may also be
useful, as known to those skilled in the art.A fluorochrome or fluorescent _
label is prefelfred.‘ Nanoparticle probes and associated signal amplification
methods based on nanoparticle-promoted reduction of silver, for example
20  as described in Taton e al (2000) Science 289, 1757- 1760 and references
| therein may also be particularly useful.

It will be appreciated that more than one species of capture reagent méy

25 be _immobilised in the detection or binding zone 9. Thus, the device may
be suitable for conducting assays in relation to more than one analyté in a

~ liquid Sample. Thus, the detection or binding zbnc 9 may have

immobilised on it an array of different capture reagents.



15 convert col ourl ess o-nitrophenyl phosphate into col oured Qgﬂi@5°ph6n0|)'
Fl uor ophor e- quencher pairs or fluorescence polarisation nma s©”be

usef ulWOMRREIwW to those skilled in the art.A fluorochr SFE/EHONBHMIr escent
| abel is preferred.’ Nanoparticle probes and associ ated signal
anplification nethods based on nanoparticl e-pronoted reduction of silver,
for exanple 20 as described in Taton3 al (2000) Science 289, 1757-1760
and references therein may al so.be particularly useful. It will be
appreci ated that nore than one species of capture reagent may .25 be

I rmobilised in the detection or binding zone 9. Thus, the device may be
suitable for ctonducting assays in relatiion te nore than one analyte in a
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bi ol ogi cal chip assay, as known to those skilled in the art and as

descr i bedebishsiogy Nealletle SSIRSY, has! émablod SheSproductiom wfeextromely oduct i on
of extrenely 5 small chips that contain hundreds- of thousands or nore of
di f f elSentsmalb| ehips athasr cdrizin dmndreds i of chonsands« arpmgreusfsdifferepto i ssued

23 February 1999 to Rava e} al. hese bi ol ogi ¢ hj r. arrays.have
probes aMP pﬁo%ﬁsr,a%,dteéae « dBE wgl%ed% 3&@?&% ma&i%ﬂ
Bi ol ogi c chi ve Jbeen pr ed in.,which each |ocation has scal e of,
For 1o exEruary 199815 JEVA o 4ficHie bibidRichl cfiton Aias v roRes hes
t ar get r@#g&g@&; i£&§§ c i t y. p 0 %#qg : r
exposi ng the ~ar ?%y t %’ar _g%% I#SPEC#E@%&EB@&& gg@c‘%ﬁggﬁpns,
scanni ng ¢lps defve GRBn SpRIdued et Wwhithabhéld loBalibR Rds A sealé @€ Fbi ne
whet her a target nolecule has interacted with the probe at that | ocation.
15 10 example, ten microns. The chips can be used to determine whether target
~molecules interact with any of the probes on the chip. After exposing the
array to target molecules under selected test conditions, scanning devices
can examine each location in the array and determine whether a target
molecule has interacted with the probe at that location.

15 . N
Biological chips or arrays are useful in a variety of screening techniques

. for obtaining information about either the probes or the target molecules.
' For example, a library of peptides can be used as probes to screen for
dfugs. The peptides can be exposed to a receptor, and those probes that

20 bind to the receptor can be identified. |

Arrays of nucleic acid probes can be used to extract sequence information
from, for example, nucleic acid samples. The samples are exposed to the
probes under conditions that allow hybridisation. The arrays are then
25 scanned to determine to which probes the sample molecules have
hybridised. Sequence information can be obtained by careful probe
selection and using algorithms to compare patterns of hybridisation and
non-hybridisation. This method is useful for sequencing nucleic acids, as

well as sequence checking. For example, the method is useful in



Bi ol ogi cal chips or arrays are useful in a variety of screening techniques
for obtaining informati on about either the probes or the targgF; g@l,}ecul es.
For exanple, a library of peptides can be used as probes t o 15t for
drugs. O YB236Ydes can be exposed to a receptor, and t hosECHEEMBHhat 20
bind to the receptor can be identified. Arrays of nucleic' acid probes can
be used to extract sequence information from for exanple, nucleic acid
sanpl es. The sanples are exposed to thg7 probes under conditions that allow
hybri di sati on. The arrays are then 25 scanned to determ ne to which probes
t he sanpl e nol ecul es have hybridi sed. Sequence information can be obtai ned
by careful probe  selection and using algorithns_to conpare patterns of-
hybr i di sa't"l‘ﬁ%gmc Seveening i ¥Ts genetic  dispasesepRofpr dhe shresenee randdgtienci ng

nucl ei ¢ aci.ds,..as .wel |l as,sequence checking. FEor exampl ey the nethod is
Laef ul (i n TR0 PRSI R BERR OicAT G Hopa BBl ook FeltEcen! ng
for geneti | ?iaf?i o r ﬁfp %m' Wr&f]u Eg@ﬁ_ﬁ'cul ar
pat hogen o(rbgiﬁg ra?%cg?%gpﬁ%&]gg%% o*lﬁtg%a]r?r'%ﬁéf,&a a rlgys caﬂ1 e u%ed to
exam ne a RfyGepdrinine whaedtrdia it beldrigiqoyi rus to determ ne what strain it
belongs to. 5 .-It will be appreciated that such biol ogical chips are

general Isy not disposabl e,” whereas the present device may be disposable. A
devi ce of _the invention may- preferabléﬂgonprise between 1 and 5, 10, 15,
20, 50, 1d®, wilobeooppraiated) by suchodivlegicakreltipsc ape ugeneralyemot, f or

exanple i-o j.n the formof an array. It mpay be preferr t hat devi ¢ce
corrpmr)i ses d’@%@#'a‘ﬂgﬁwaﬁ nﬂr@éEt QPY\CS%/‘QHY &aﬁﬁﬂoéaeg]@agaqt@‘q%ﬁ) exanpl e
200 differgpt: _ T - ' sj &9 ods wel |
200 T Rl RMAN P AR oty Aimlibe beliler T 41 3540/518.9267 55

- 100, 150, 200, 500, 1000 or 2000 different capture reagents, for example

10 in the form of an array. It may be preferred that a device comprises

between about 50 and 500 different capture reagents, for example 200
different capture reagents. |

The array may be formed using methods well known to those skifled in

15 the art. Thus, various printing techinques may be suitable, for example
techniques using microsyringes, pens using metered pumps, direct
. printing and ink-jet printing. Suitable methods may be described or
reviewed in, for example, US 5,856,101, US 5,143,854, W092/10092,
W099/40105, Service (2000) Science 289, 1673, MacBeath & Schreiber
20  (2000) Science 289, 1760-1763; de Wildt et al (2000) Nature Biotech 18,
989-994, and Irﬁng & Hudson (2000) Nature Biotech 18, 932-933.
Suitable printing solutions are also described or reviewed in these
documents, and will be well known to those skilled in the art. For
example phosphate buffered saline (PBS) solutions may be used, for
25 example 1x PBS, optionally comprising a nomn-ionic detergent, for
example a polyoxyethylene glycol sorbitan ester, for example a Tween®
detergent such as Tween 20, Tween 40, Tween 60 or Tween 80, as

known to those skilled in the art. Inclusion of a stabiliser (or potential



15 the art. Thus, various printing techinques nmay be suitable, for exanple
t echni ques using m crosyringes, pens using netered punps, 1 ARfe printing
and | WOPERI6RT i nting. Suitable nethods may be descri bed RET/GBEWDINRA i N,
for exanple, US 5,856,101, US 5,143, 854, W92/10092, W99/40105, Service
(2000) Science 289, 1673, MacBeath & Schrei ber 20 (2000) Science 289,
1760-1763, de WIlds. et al (2000) Neggire Biotech 18, 989-994, and Irving &
Hudson (2000) Nature Biotech -18, 932-933. Suitable printing solutions are
al so described or reviewed in these docunents, and will be well known to
those skilled in the art, For _exanple phosphate buffered saline (PBS)

sol ut i oriabihijomhef eyeporation)2sichyasmpolyvinylpysrolidene, (BVE), sweppsesbng a
non-ioni ¢, detergent, for_  ex e a . pol yoxyethylene glycol sorbitan.
ester, fé‘#@?ﬁ%ﬂ%%ﬂﬁ@&?{liﬂﬁgﬁet ergent such as Tween 20, Tween 40, Tween
60 or Tween 80, as known to those skilled in the art. Inclusion of a
stabiliser (or potential WD 01/27627 38 1 APR 2004 PCT/ GB00/ 03949

I nhi bit ' ' [ loh i ose or
gl ycer o?Itrr‘ggl ?%@%Fﬁgﬁglﬁé Ftaﬁd\}mﬁglr %ﬁgcﬁw at}mi e capture
reagent sthat theé samedbel, forreamniple the saidwflubbescentrentighemayf B¢ uskanpl e the

sanme fluorescent entity, nmay be used in relation to each capture
r eagent / Bmecigtien taeactheaptimet icagent/andlytes as| theddentitypof the anakyte(sy
determ ned fromthe locatign in the array of the signal fromthe captured

| abel . APresepbmmakibe, determined Ifeern teclacation initheliaveay of theesignal ur e
s e o oPGEd et ARBFBLGAE Y 8 SRR Bl 1 e
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0 the detection or binding zone 9 (fo: example, the capture reagents are

mixed before being immobilised in the detection or binding zone 9), then
it is preferred that different labels are used in relation to each capture
reagent/analyte, such that the signals in relation to each analyte may be
distinguished.

It will be appreciated that the signal need not be generated and/or
measured in relation to each capture reagent immobilised in the detection
ioné 9, Thus, for example, a device comprising more than one capture
teagent may be sold (for example, with suitable additional reagents) as
‘0 autable for performing-an assay in relation to any one (or more) of the
capture réagenté. No meaningful signal may be generated in relation to
the cép‘ture reagents for which additional necessary reagents are not added
during use of the device; Thus, one type of device may be sold for use in

relation to several single or multiple-analyte assays.

-It will be appreciated that it may be desirable to include on a device only
capture reagents that are compatible, in that the same sequence of assay
-steps may be used in relation to each capture reagent/analyte assay. Thus,



reagent/anal yte, such that the signals in relation to each anal yte may be
di stinguished. It will be appreciated that the signal need g 0 ener at ed
and/ or gras in relation to each capture reagent |rrm)b|I g e% t he
detection zone d. Thus, for exanple, a device conprising nbrECBAYREhe
capture reagent may.be sold (for exanple, with suitable additional
reagents) as o suitable for performng -an assay in relation to any one (or
more) of the capture reagents. No .nme3%i ngful signal may be generated in
relation to the capture reagents for whi ch addi ti onal necessary reagents
are not added during use of the device. Thus, one type of device may be

O will, by gs?%ﬁ%%taﬁos kit Egé%ﬁ'éﬁt&?‘litei RAPREIalR ASEBI co

only capt bl quth a ence of
assay ste%fyngga&gs%&eg in re ?gﬁﬁ%éo ea& cap rg‘é% tﬂelrﬁﬂ‘é Gt assay.
Thus, 1 APRadfiGfep m&@&@%&&&%@@ﬁ&%ﬂﬂﬁr g?él?g&i t- do

not require -a wash - step in the associ ated assa group on an

assay devi teay Gapeuhe advaydage thattresults dioni every captake Steapehtiahdl§te
associ ated assay may simlarly b%: rouped -together. This "may haVe the

advant age @FSAY, XA} sombinaticn ¢ ﬁ’@a%iﬂlﬁimwmse@ssays any
conbi nati o i fferent pt. tI ana te assays avai | abl e, may
be obt ai negf"giﬁ?bqﬁ’eﬁare ‘?P}Bmeﬁ lg (ﬁ’ﬁ“@at gledgabliguid sempler | |t

ill b | i t ts
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using the apdpr Gihi tRS wap! hod inrelation- to each capture reagent

included in a device. Thus, it is preferred that, for exanple, a
fluorescent label is used in relation to

10 It is preferred that the results may be obtained using the same detection
method in relation to each capture reagent included in a device. Thus, it
is preferred that, for example, a fluorescent label is used in relation tb
each said capture reagent. Alternatively, a visually detectable label may
be used in relation to each said capture reagent. It will be apprecxated that

15 adevice in which more than one species of capture reagent is immobilised
may be particularly suitable for use in an automated procedure and/or a
-procedure in which the assay results are not determined by unalded visual

examination.

20 It will be appreciated that assays relating to each immobilised czipture
reagent in a device may be performed, particularly when using. an
automated system, but the results of selected assays only méy be
communicated to the user. Thus, reagents relating to all thé capture
reagents may be delivered to the device and the signal relating to each

25 ' capture reagent may be determined, but only results for the assays for
which the user has paid may be communicated to the user. Further results
may be obtained on payment of additional fees, which may occur by
means of an electronic credit system. Thus, if, for example, the device



be used i.n relation to each said capture reagent. It wl]| eci at ed
that MORVEWET ce in which nore than one species of captuPel 349 s

i mobi lised nmay be particularly suitable for use in an autonated procedure
and/or ra -procedure in which the assay results are not determ ned by

unai ded visual examnation. 20 It W0l be appreciated that assays relating
to each i mobilised capture reagent in a device nmay be perforned,
particularly when using an automated system but the results of selected
assays only may b communi cat ed .t

e the user. Thus, reagenis relating to
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given embodiment of the device.

each said. capture reagent. Alternatively, a visually detec ﬁgl;@#l abel may

10
It will be appreciated that the concentration or choice of additional
reagents, for exampile labelledraﬁtibodies, relating to each capture reagent,
may be such that the time required for each step of an assay may be
satisfactory or optimal for each capture reagent for which it is desired to

15 determine the presence or concentration of the relevant analyte. Thus, if
a first apalyte/labelled antibody pair has a higher affinity of binding than a
Second analytellabeﬂed antibody pair, then the concentration of the said
second labelled aim'body used in the assay may be higher than the
concentration of the first said labelled antibody.

20 o
It is preferred in some circumstances that the binding of at least a portion
of the analyte to a specific binding partner for said analyte is capable of
being detécted by means of a visual signal. Labels thaf may be used in
-providi_ng a visual signal ?re well known to those skilled in the art, and

25 include reagents such as gold sols or dye sols, coloured latex particles (for
example of between abbut 0.05 and 0.5 microns), libosdmes or cells, as
described, for example, in US 5,656,503, US 4,943,522 and US
5,770,460. A visual signal may be preferred if the device is to be used by




reagents, for exanple |abelled antibodies, relating to each capture
reagent, may be such that the tine required for each step of gn assay my
be satkﬁﬁaq%ggy or optimal for each capture -reagent for whi CAPR 12094
desired to eternine the presence or concentration of H{F/GBIMFA

anal yte. Thus, if a first analyze/labelled anti body pair has a higher
affinity of binding than a second anal yte/l abell ed anti body pair, then the
concentration of the said second |abdll ed antibody used in the assay may
be higher- than the concentration of the first said | abelled antibody. 20
It is preferred in sone circunstances that the binding of at |east a
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particl es contrasting acglbar ab tiet wiaral asignil € QBd atlseRvatich CHP Mhe  vikiifOSOMes
or cells, as _descrihed, for exanple, in US 5,656,503, US 4,943,522 and US
5, 770, 460.51g0a) wher Wewed| agaipsb e backgromnd. f If the ddevice compriséseaused by

1 APR 2004, ,\MO 01/276-27 PCJ/ 0/03949 41 a patient, or by a nedical
pract i ior?&?l&?%’rpp&& éﬁrff%l% iff(r)hﬁé'&péb@ mayybe of acontsass@gheolonr dnal i f

t he det ectd.pp: . kground of contrasting colour to the visual
si gnal to%ﬁ&%ﬁ@ga‘{}%asﬁhe vi sual signal when viewed agai nst the
background. |f the device conprises a 5 solid support as described above,.
this may be of a contrasting colour in relation to the visual signal. It

may al t er Tamasealtehativelf be prefdrh@l thdtaheaai Bidtihp beoft ?ﬂm portion
of the anglgyte to a spe?{ficlmgi ndi ng partner for Sglgbd -a%fé/? |sa¥:lapabl e

of io bei ®f theranalyie toya'specific bindingl partwercfort said aiabyte! isntaRatedf Si gnal .
10 being detected by means of a fluorescent or chemiluminescent signal.

Fluorescent and chemiluminescent labels are described above. A
fluorescent or chemiluminescent signal may be preferred if the device is to
be used in an automated test procedure, particularly if it is- desired td
assay more than one analyte in a device. | | | |
15
The device may be useful in testing for analytes in samples such as blood,'
- Serum or urine or in environmental samples, for example dnnkmg water,
or food or drink samples. -

20 Suitable analytes will be well known to those skilled in the art and include
any molecule for which a specific binding partner is can be'fonild, for
example an antibody that is capable of binding specifically to the said
molecule.  Examples are. given in US5,770,460, US4,943,522 and
Us5,656,503 (incorporated herein by reference) and include hormones,

25 drugs, for example drugs of abuse, bacterial or viral antigens,

immunoglobulins, cancer antigens, cytokines, allergens and nucleic acids.



Fl uorescent and chem | um nescent | abels are described above. A fluorescent
or chem | um nescent signal may be preferred if the device is to be used in
an automated test procedure, particularly if it is. desired to assay nore
than one analyze in a device. 15 The device may be useful in Heﬁﬁggﬂgfor
anal ytes in sanples such as blood, serumor urine or in environ I

sanpl es, for exanple drinking water, or food or drink sanples. 20 Suitable
analytes will be well known to those skilled in the art and include any
nol ecul e for which a specific binding partner is can be found, for exanple
an anti body that is capable of binding4pecifically to the said nvolecule.
Exanpl es are. given in US5, 770,460, US4, 943,522 and Us5, 656, 503

(i ncorporated herein by reference) and include hornones, 25 drugs, for
exanpl e deLAEMSf abuse, bacterial or viral antigens, inmunoglobulins,
cancer antigens, cytokines, allergens and nucleic acids. 1 APR 2004 42
CLAIMS 1. An assay device for quantification or detection of the presence
or absenck of Af asdagldgtiee for gaahtifiation sAMRAERIonQITRY Predents ovablsbriicsiof@Ar t i on
conprising .a |ateral flow zone; a sanple receiving zone in the first
portion i#aB6n ikt Hqwif 6HNPIReCOMPIE: | ow zone; and a second portion having

nmeans for hol dj ; pad, wherein the first portion is arranged
in sliding re?%tﬁggﬁgﬁhgﬁt%ﬁéggg%%nd portion such that the second portion is

novabl e bet weenlagerdlifiest zgmsi tion in which there is a gap between an
econd pos 11 o PGt ogh So s dRE: Bl FarBiacyh Beduesh BoBGRPFon | i n
intimte gpntact with the lateral flow zone, and
a second portion having means for holding an absorbent pad, wherein the first

portion is arranged in sliding relation to the second portion such that the second portion is

movable between a first position in which there is a gap between an absorbent pad held by

the second portion and the lateral flow zone and a second position in which an absorbent

pad held by the second portion is in intimate contact with the lateral flow zone, and

wherein the lateral flow zone comprises a planar capillary chamber.

2. The device of claim 1 wherein the depth of the capillary chamber is greater at the
edge of the capillary chamber in contact with the sample-receiving zone than at the edge of

the capillary chamber that comes into contact with the absorbent pad.

3. The device of any one of the previous claims wherein the lateral flow zone

comprises a detection and/or binding zone.,

4, The device of any one of the preceding claims wherein the planar capillary

chamber comprises a detection and/or binding zone.

5. The device of any one of the preceding claims wherein the device comprises a
planar plate.
6. The device of claim 5,wherein the said planar plate or a portion thereof forms a



wherein the |ateral flow zone conprises a planar capillary chanber. 2. The
device of claim1l wherein the depth of the capillary chanber is greater at
the edge of the capillary chanber in contact with the sanpl e-receiving
zone than at the edge of the capillary chanmber that cones intp eanjmct

wi th the absorbent pad. 3. The device of any one of the previous clains
wherein the lateral flow zone conprises a detection and/or binding zone.

4. The device of any one of the preceding clainms wherein the planar
capillary chanber conprises a detection and/or binding zone. 5. The device
of any one of the preceding clains wheg8i n the device conprises a planar

pl ate. 6.wdNEr@eY%AA 12911211«@6{5@%}3,5}1%@&@ n the said planar plate or a portion
thereof forms a 1 APR 2004 43 wall of the said planar capillary chanber. 7.

The device of claim5 or 6 wherein the planar plate has di mensi ons of about

wherern ab | et BvisarHimaron e eI p R ke RS BBR S AP o
t he pl anaf 75amiid | gy, chanber is transparent to visible, UV and/or

infra-red radiation. 9. The device of any one of clains 5 to 8 wherein said
pl anar plate is a mcroscope slide. 10. The device of claim9 wherein the

a1 d 1 SrOSCOPFAAE dind ol B LELARE Gne Shidfarlduy IpGegRYEGE OF cf aim

1 wherein’'the Tirst an second* por n-conprrses a p
12. The dslwiat @land omdyortior oD whll@f fregsl eichir 0 gpitlhgi chismbdres eafspatent teviibl,

conprises __material, for_exanple copper, with high thermal conductivity.
13. The deViad/opinigdtedfpdistiohher ei n said material with high thernmal

conductivity is in contact with or forns part of the lateral flow zone.

9. The device of any one of claims 5 to 8 wherein said planar plate is a microscope
slide.

10.  The device of claim 9 wherein the said microscope slide is a glass microscdpe
slide.

11.  The device of claim 1 wherein the first and/or second portion comprises a plastic

moulding.

12.  The device of any one of the preceding claims wherein the device comprises

material, for example copper, with high thermal conductivity.

13.  The device of claim 12 wherein said material with high thermal conductivity is in

contact with or forms part of the lateral flow zone.

14.  The device of any one of claims 1 to 13 wherein the quantification or detection of
the presence or absence of an analyte in a liquid sample is performed by means of a visual

signal.

15.  The device of any one of claims 1 to 13 wherein the quantification or detection of

the presence or absence of an analyte in a liquid sample is performed by means of a



14. The device of any one of clains 1 to 13 wherein the quantification or
detection of the presence or absence of an analyte in a liquid sanmple is
performed by nmeans of a visual signal. 15. The device of any bri€Rof0L | aj s
1 to 13 wherein the quantification or detection of the presence or absence
of an analyte in a liquid sanple is performed by neans of a 1 APR 2004 44
fluorescent signal. 16. A portion for formng part of an assay device, the
portion being configured to be permanently or renovably attachable to a

pl anar plate as defined in any one of clains 7, 9 or 10 such that a part
of said portion fornms a planar capill ag chanber between said plate and
the said pgytdcem spfla part of the said portion participates in formng a
sanpl e receiving zone, wherein the said sanple receiving zone and said
capillary chanber are in contact. 17. The portion according to claim 16

wher ei n art ,of the rtion rticipates.in, form ng.a chanber, . capabl e of
accommodati-ng ACHRAPEEIERIECf Ao sty dokicecths pRISn tEing FOUTZREL LT BES ¢ he
capi | | ar ype&hah®el or témovably ittaehatRétd SplaRaplats afBefnel i hhPond fclfigikmi ag part
of an assay device according to claim16 or 17 and a_planar plate to which

t he por t i &nl0syck Highppart of saié periiop demmsrreplanay capillaryghehpr betweernsaibplates sai d

so as to r . i) CEH@ [+ A K] t ording to
claim 18 %E%e%?aﬁgkﬁlgﬁélagﬁglpdg?’gﬁee a o?‘%%i%flf@g%g ?)nnfal o %g%?%re reagent.
20. A ki treoéivinglzbse,anieesin thegsaidsaaipls fecdiingtrene wind $didkcqplildara chahbdrardias
imobilised on it an array of capture reagents. 21. A kit of parts

accor di ngfa| ai m 18, 19 or 20 further conprising a second portion which
hol ds or is arranged to hold an absorbent pad and/or an absorbent pad
and/or reagents suitable for carrying out an assay. 22. A nethod of

f or m ng al7.assEye pletior eccacding th ¢igint b6 whaiem dparbofihe portignphsicgiates inf
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contact with the capillary chamber.

18. A kit of parts comprising a portion for forming part of an assay device according to
claim 16 or 17 and a planar plate to which the portion is capable of being permanently or

remolvably attached as said so as to form a planar capillary chamber.

19. A kit of parts according to claim 18 wherein the planar plate has immobilised on it

a capture reagent.

20.  Akit of parts according to claim 19 wherein the planar plate has immobilised on it

an array of capture reagents.

21. A kit of parts according to claim 18, 19 or 20 further comprising a second portion
which holds or is arranged to hold an absorbent pad and/or an absorbent pad and/or

reagents suitable for carrying out an assay.

22. A method of forming an assay device according to claim 1comprising the step of
permanently or removably attaching a planar plate as defined in any one of claims 18 to 20

to a portion for forming part of an assay device according to claim 17 or 18.



to a portion for formng part of an assay device according to claim17 or
18. | APR 2004 45 23. The nethod of claim22 further conprising the step of
attaching a second portion which holds or is arranged to hold gk a@gor bent
pad to the planar plate and/or the portion for form ng part of an assay
device. 24. Use of a planar plate as defined in any one of clains 18 to 20
and/or a portion for formng part of an assay device according to claim 16
or 17, in form ng an assay device according to claiml. 25. A nethod of
guantifying or detecting the presence or absence of an analyte in a |liquid
sanple, conprising the steps of applyinmg the liquid sanple to a device
according to any one of clains 1 to 15 wherein the device is in the first
position when the liquid sanple is applied to the device, the nethod
further cUhpriShemethha of cleim 32 further ngmphsing dectap ofmttatlinga seconfiposimoond
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24.  Use of a planar plate as defined in any one of claims 18 to 20 and/or a portion for
forming part of an assay device according to claim 16 or 17, in forming an assay device

according to claim 1.

25. A method of quantifying or detecting the presence or absence of an analyte in a
liqumd sample, comprising the steps of applying the liquid sample to a device according to
any one of claims 1 to 15 wherein the device is in the first position when the liquid sample
is applied to the device, the method further comprising the step of moving the second

portion to the second position.

26.  The method of claim 25 wherein the step of moving the second portion is
performed after a determined time has elapsed since the application of the liquid sample to

the device.





