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ASSAY APPARATUS : The present invention relates to a nethod of
peérform ng assays and apparatus therefor, in particular but 5 not

exclusively to a nethod and apparatus for i munoassays. [t is
wel | known tWORRITEm assays where aliquots of a sanpl ePGHEBYIP_y o
see if the sanple contains a particul ar substance by reaction wth one

or nore reagents 10 to forma conplex such as an anti gen/anti body conpl ex
whi ch may then be detected.

AY APPARATUS

The present invention relates to a method of
performing assays and apparatus therefor, in particular but
5 not exclusively to a method and apparatus for immunocassays.

It is well known to perform assays where aliquots of

a sample are tested to see if the sample contains a

particular substance by reaction with one or more reagents

'\ 10 to form a complex such as an antigen/antibody complex which
may then be detected.

A great number of different techniques exist for
performing assays and the instances in which assay
15 techniques are used are becoming more widespread. An
overview of currently used techniques is given in the
article "Update on immuncassay automation* Proc. UK NEQAS
Meeting 1994:1:163-170; Wheeler, Michael J. For example,
various types of immunocassays are now commonly used to test
20 biocod and other samples for a great number of different
compounds. Yet, even a large hospital would not have a
large number of different assay machines and so the
apparatus must be capable of performing a range of
different tests on different samples. The versatility of
25 any assay technigque must necessarily increase as the number
of tests that can be requested on samples increases. The
growing desire that assays can be performed directly in
places such as Doctors Surgery‘’s, rather than sending the
samples away for analysis by a laboratory in a hospital

30 further increases the demand for versatile machinery.

In conjunction with the growth of the assay systems,
it has become necessary that any particular assay is
performed ever more precisely. The importance of the



A great nunber of different techniques exist for perform ng assays and
the instances in which assay 15 techniques are used are becom ng nore

wi despr ead. An overvi ew of currently used techniques is given _in the
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The growth in assay technigues being used has led to
a large number of systems on the market. Presently, most
systems are semi~automated or automated systems, where
after loading of the reagents and samples no further input

\ 10 is reguired from a human operator, unless a breakdown
occurs. '

As will be apparent from the aforementioned article by

Wheeler, the majority of the devices presently on the

15 market comprise a loading tray for loading multiple
samples, for example between 20 and 100 samples, which are

not necessarily of the same nature or having the same assay
performed on them. There is also a reagent input tray
which holds a number of reagent cartridges for the various

20 different tests to be performed. In the machine the
samples are transferred, normally by pipetting into an
assay cell where the sample is combined with the necessary
reagent or reagents. The assay cell is then tramsierred to

a part of a machine where it can be held for sufficient

25 time for the reagent and the sample to combine. Thereaftexr
the sample cell is transferred to the detector which
detects the presence of a known indicator to determine
whether or not the sample contained a particular component
and/or how much of that component was present in the assay.

30 Normally a robotic arm is used for transferring the assay
cell around the machine, for example from the loading area

to the wash station, to the waiting and onward to the
detector. Whilst assay apparatus of this type can offer



It has becone necessary that any particular assay is perfornmed ever

nore precisely. The i nportance of the WO 97/ 29376
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will be apparent, as, for exanple, a patient's treatnment may be

det er mi ned b¥:/28%6t he resul t of the assay and so an i RETEIROANII4 esul t
may lead to | nappropriate treatnent of the patient. The :
grow h in assay techni ques being used has led to a | arge nunber of

systems on the market. Presently, nost_3. systens are sem -autonated or

aut omat ed systens, where
seml-avtomated functioning, problems do occur due to the

mechanical movement of the samples. Furthermore, it is
necessary to ‘have pipettes with replaceable pipette tips or
other means to ensure that one sample does not contaminate
5 ,another sample when being. As each sample cell must be
incubated with the appropriate reagents, a relatively large
number of sample cells may have to be incubated at any one
time and thus the size of the machine remains relatively
large due to the space required for the viaiting area.

10
" Recently, it has been suggested to use flow injection
technology in assay equipment. A review of this technology
is given in an article by Puchades, R. et al "a
Comprehensive Overview on the Application of Flow Injection
15 Techniques in Immunoanalysis, Critical Reviews in
Analytical Chemistry" 23,(4):301-321(1992). The
fundamental difference between this technology and the
above described systems is that the samples and the
reagents are combined in a fluid stream, which extends to
20 the detector. This dispenses with the need of sample cells
and generally reduces the mechanical components of the
systenm.

_ WO94/03104 discloses a flow injection technique with

25 developments shown in W094/20855 and W095/22766. In this
known flow injection technique, samples and reagents are
again loaded into the machine. These are combined in the
fluid stream. The fluid stream then passes along a conduit
which has a transparent portion. In the transparent

30 portion a screen is produced of small, preferably magnetic,
beads. As the fluid stream carries these samples and
reagents into the area of the screen, complexes of the
reagent-sample are held by the screen. Normally, a second



after | oading of the reagents and sanples no further input 10 is required

froma human operator, unless a breakdown occurs. As wi ||
apparent fromthe aforenentioned article b Wheel er, the majority of
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this area. This technique is particularly suitable for
"y measuring the rates and progress of the assay reaction.

| 10 Clearly, in this known flow injection method the
: detection means and the transparent area of the conduit
must be in close physical proximity and it is suggested
that the transparent part of the conduit is formed as part
of the lens system of the detector means. This leads to a
15 complex arrangement of the machinery which limits the types

of #saays which can be performad by this technique.

The present invention seeks to provide an improved
assay system which is simple, reliable and versatile.
20
According to a first aspect of the present invention
there is provided an assay apparatus for detecting a
product in a sample, comprising a fluid pathway with an
input for the sample and an input for a reagent with a
25 detectable moiety which transports the sample to a
detecting means via a barrier arranged to prevent a
product-reagent complex passage but allow passage to the
reagent and the sample, where the complex is formed throngh
interaction of the reagent and any of the product in the
30 sample, wherein the apparatus also includes supply means
for supplying a substance adapted to breakdown the complex
into a detectable moiety which can flow through the barrier
to the detecting means.
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functi oni ng,WBPHBPEhs do occur due REPLALED nmbchani cal nREHERNOEP4 t he
sanples. Furthernore, it is TTeTESSary L0 have pipettes with

repl aceabl e pipette tips or. ot her means to ensure that one sanpl e does
not contam nate 5 another sanple whetb-being. As each sanple cell nust_ be
i ncubated with the_appropriate reagents, a relatively large nunber of

sanpl e cells may hBGeC¥dLing tocuteecendiiaspertoed the present invention
there is provided an assay method for detecting a product

in a sample, comprising the steps of:

5 a) feeding the sample and a reagent with a detectable
moiety into a fluid pathway;

b) allowing the sample and reagent to interact to form a
mixture of the sample, the reagent and a product-~
reagent complex if the product is contained in the

'\ 10 sample; ' _

c) holding the complex at a barrier across the fluid
pathway which barrier allows any uncomplexed sample
and/or reagent to flow therethrough; '

d) subsequently breaking down the complex 4into a

15 detectable moiety which can flow through the barrier,
for example the reagent;

e) detecting the presence of any detectable moiety
released in step d) downstream of the barrier.

20 The present invention thus provides a flow injection
assay system where the detector means is located downstream
of where the reagent sample complex is formed. This
provides a simplified system. In this arrangement a
greater range of assays can be performed compared with the

25 previously known £flow injection techniques. This is
clearly advantageous and is dne to the fact that the
analysis is not performed at the screen.

In preferred embodiments of the invention there is

30 provided that the inputs are arranged to input a series of
spaced apart aliquots containing a sample and respective
reagents in to the fluid pathway, the apparatus further
including a pPlurality of incubation loops, each loop being
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time and thus the size of the machine remains relatively “large due to

the space required for the waiting area. 10 Recently, it has been
suggested to use flow injection t echnol ogy 'in assay equi pnent. A review
of this technol ogy is given in an article by Puchades, R et al "A
Conpr ehensiwe oey@dsg/i ew on the Application of Flow | njecti orCtEBTB33NI ques
in Imunoanalysis, Critical Reviews 1in Anal yti cal Chem stry" :
23,(4):301-321(1992). The fundanmental difference between this

t echnol ogy and the above described_systens is that the sanples and the

reagents are conmbined in a fluid stream which extends to 20 the detector.
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[I0STLY, e aipotfy "phORE NG iR 9y RSN Gk (1,
transpar efit [RAWRleS at FhetﬁémPrﬁﬁyparﬁﬁt as there are no assay cells,
the apparatus remains compact. Preferably, the loop-valve
means comprises a single valve arranged to allow at most
one selected incubation loop to form part of the fluid
pathway at any given time. This provides a simple way of
10 ensuring that each sample travels the same distance
compared to linearly spaced valves for each loop.

Normally, a detection pathway forms the f£fluid pathway
downstream of the barrier, the detection pathway including
15 waste-valve means arranged to direct fluid in the detection
pathway to either an outlet or past the detector means

which prevents the uncomplexed mixture from contaminating
the flow cell. .

20 Preferably, the fluid pathway is divided into a plurality
of the said detection pathways with splitter-valve means
arranged to direct each respective aliquot into a
respective selected one of the detection pathways. The
multiple pathways my extend from any point after the

25 incubation 1loops. This improves the capacity of the
apparatus as one pathway can be washed whilst another is
analysing a sample.

Advantageously, one detector comprises the detection
30 means for all the detection pathways.

A preferred embodiment of the invention will now be
described with reference to the accompanying drawings in



30 portion a screen is produced of small, preferably nmagnetic, beads.
As the fluid streamcarries these sanples and reagents into the area of
t he screen, conpl exes of the reagent - sanpl e are held by the screen.

Normal 'y, a second 4 S’&:F'
transparent WOAAI33¢ e covered with a bound reagent conpl ex |€$1’wanﬁaolws a .

conpetition assay to occur in this region. Quantitative analysis of the
presence of a product in the sanple is conducted by el ectromagnetic
detection neans, e.g. fluoroneter, at t#i s point which is why the beads and
the section of the conduit nmust be transparent in this area. This
technique is H&lif-’?’éul arly suitable for neasuring the rates and progress of
the assay reactionFig. 1: shows a schematic representation of an assay

apparatus according to the present
invention; '
5 Fig. 2: shows a detector for use in the apparatus of
Fig. 1; :
Fig. 3: depicts the overall construction of the
apparatus of Fig. 1. '

'- 10 Figure 1 shows a flow injection immmnoassay analyser
\ as an integrated system. The system operates using the
principles of flow injection analysis, that is a continuous
stream of liquid is used to transport discrete volumes of
sample or reagents that are injected into the satream.
15 These materials can then be brought into contact with one
 another or with other materials that may be in solution or
fixed to a surface so that they interact in a way that can
be measured and thus the flow injection process is directly
analogous to the manipulations that take place in
20 traditional immunoassays using microtiter plates or tubes
except that injection loops or syringes and precise control
of flow rate replace the use of pipettes, washers and

shakers.

25 A carrier buffer stream is generated from run buffer
12. A plurality of samples are held in a sample processing
unit 14 which also prepares each sample for analysis.
Analysis for a particular target molecule (a product) takes
place by injecting a known volume of a sample that possibly

30 contains the product, into the carrier buffer stream and
mixing it with reagents from a reagent cartridge 15.

The sample processor unit 14 has the capacity to hold



Clearly, in this known flow injection nethod the detection nmeans and the
transparent area of the conduit nust be in close physical proximty and it
is suggested that the transparent part of the conduit is forned as part of
the |l ens system of the detector neans. This |leads to a conpl ex arrangenent
of the machwosanedwidi ch |inits the types of assays whi ch capciresgmoniaar ned by
t hi s techni que. The present invention seeks to provide an inproved -
assay systemwhich is sinple, reliable and versatile. According to a
first aspect of the present invention_ébere is provided an assay apparat us
for detecting a product in a sanple, conprising a liquid pathway with an
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and any of tprepiseucpipettingsakpl cgenkraten ahesampbeandilution as

required. This may be in a traditional manner with

5 appropriate volumes transferred to a separate tube on the

processor bed or by using the flow system where a fixed

volume of sample and a variable volume of diluent (or vice

& versa) are merged in a mixing coil before a fixed volume is

| taken for analysis. The unit 14 may employ robot arm (not

\ 10 shown) carrying a sample probe (not shown). The robot arm

: would normally be capable of movement in three planes and

the probe can be washed between sample manipulations at an

on board wash station. Samples can be loaded onto the

processor unit 14, preferably in their original tubes, of

15 varying dimensions, in pre-prepared racks of tubes or in

pre-prepared microtiter plates. Sample identification and

tracking is made possible through bar codes which may be

placed on the individual tubes, or the tube racks or the

microtiter plates and the bar codes are read by the on

20 board bar code reader, though other tracking systems can be

used.

The flow system of the instrument consists of
transmission tubing 10  made from chemically and
25 Dbiologically i.nert material such as commercially available

although this may change to suit the circumstances. The
pumping system (not shown) consists of several low pressure
pumps, most likely peristaltic pumps which may be of
30 differing size, sophistication and performance and will be
capable of delivering a highly reliable flow rate. A
central pump will be used to move the carrier buffer,
samples and reagents through the system whilst other pumps



barrier is porous with a pore size that prevents passage of the m crobeads

but allows unreacted reagent and sanple to flow therethrough, and wherein

t he apparatus al so includes supply neans for supplying an el utant adapted

to breakdown the conplex into a detectable noiety free of the m crobead

5 which can™MAB®3M8rough the barrier to a detecting means. PCT/GBI700334 _

According to-a second aspect of the present invention there is provided an

assay nethod for detecting a product in a sanple, conprising the steps of:
- .

which are likely to be less sophisticated, will be used to

carry out other manipulations, such as reagent transport,

barrier washing and conjugate elution. The operation of

each pump will be controlled by the central computer (not

5 shown) to ensure optimum performance and effective
synchronisation. The computer will also have control over

the many automated switching valves (described in more

detail hereinafter), which at the appropriate times direct

samples or reagents into or out of the main carrier stream.

'\ 10 These valves may be electronically or pneumatically
' operated and must be extremely reliable and robust as they
will be used many times in any working day. They will be

very simple in design needing only to switch the liguid

flow between one of two channels or limited number of

15 channels. The valves must have chemically and biologically

inert surfaces where they come into contact with the liquid
stream.

Generally, the reagents required for each assay are

20 specific for the analyte of interest, however the same
principles are applied in each case and only two components

are normally required. It is preferred for all assays to
utilise micro-beads of a defined diameter and with the
property of neutral density so that they remain in

25 suspension and it is likely that the beads will be made of
a cellulose material with low non-specific binding
properties although other suitable materials may be
preferred. The surface of these beads is coated, probably
through covalent conjugation, although other procedures

30 such as adsorption may be possible with a ligand binder
material such as an antibody or other compound that
specifically binds only the analyte of interest in the
assay. In a more sophisticated assay format, it is



a) feeding the sanple and a reagent with a detectable noiety into a
| i qui d pat hway; b) allowi ng the sanple and reagent to interact to forma

m xture of the sanple, the reagent and a product- reagent conplex if
the product is contained in the sanpl e where the conplex is formed on
a m cr obeadwgo®¥nespassi ng the m xture to a nmenbrane barri errcResnoisae
fluid pathway where the barrier is porous with a pore si ze that
prevents passage to the conplex, but allows any unconpl exed sanpl e
and/ or reagent to flow therethroygh; d) subsequent |y breaki ng down
the conplex at the barrier into a detectabl e noi ety free fromthe -
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5 analogne of the analyte of interest or binder with

specificity for the analyte depending on the assay format
required. The label is often a fluorophore with spectral
characteristics that allow it to be detected in the near
infra red region of the electro-magnetic spectrum, however
\ 10 other labels such as liposomes, enzymes and
chemiluminescent materials are alsoc posaible.

The fixed volumes of the reagents and the sample are

mixed together in a mixing coil 17 and allowed to incubate

15 together for a fixed time. The incubation is preferably
accomplished by removing the aliquot out of the main flow

stream and intoc one of the incubation loops 19. The access

to the incubation loops 19 is controlled by valve means 20.

The loop 19 is made from a fixed length of transmission

20 tubing of an appropriate internal diametex, however the

overall volume should be carefully chosen to ensure precise
replication of incubation conditions. In the incubation

loop, any of the product which is contained in the sample

. should interact with the reagent to form a complex which is
25 bound to a microbead. The complex bound to the microbead

must include a detectable moiety. After a given time the

computer switches the aliguot of mixture back into the main

stream and it is carried down to the membrane barrier 22
where the micro beads are retained whilst all other.

30 materials flow through and are passed to waste. The barrier
22 consists of a porous membrane made from a chemically and
biologically inert material such as nylon and the barrier

22 is sized and arranged to prevent all beads from passing
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greater range of assays can be perfornmed conpared with the previously known

flow injection techniques. ~This is clearly advantageous and is due to

the fact that the analysis is not perforned at the screen. In
preferred enbodi nents of the invention there is

5a  provi dedwoaRs¥ie i nputs are arranged to input a seri esPEHCERRERBY apart
al i quots containing a sanple and respective reagents in to the fluid

pat hway, the apparatus further including a plurality of incubation |oops,

each | oop being -11~-

:l 10

15

20

25

30

through to the flow cell. The pore structure of the
membrane is governed by the size of the micro beads,
however it is important that the membrane has a low non-
specific binding of excess reagents and that substantially
all ({eg>95%) of the beads are retained. The flow path is
then washed by a period of flow with carrier buffer to wash
off any unbound reagents and possibly the flow rate is
raised during this period, so the barrier 22 should have
good flow properties. Subsequently, the various valves are
switched in synchronisation to divert the main buffer flow
from the barrier 22 whilst introducing an elution buffer
from vessel 24 to flow through the barrier 22. The turning
of the switch can be gauged from monitoring the unbound
reagent flowing through the flow cell 27 to waste. This
releases the label (detectable moiety) from the micrcbead
to flow through the barrier 22. The flow is now directed
to a flow cell 27 for measurement downstream. The flow
cell 27 is likely to be a quartz silica cylinder, although
other materials and shapes may be preferred, with a total
volume unlikely to exceed 200ul and which is normally
illuminated by a light source and monitored by a detector
30 as explained in more detail below. Following elution
further valve switching allows the membrane to be back
flushed with an appropriate buffer from vessel 28 which
removes the beads to waste through valve 25 and cleans the
membrane ready for the next sample aliquot.

The detector 30 is shown in greater detail in Figure
2 and consists of a laser diode module 31, 32, 33, a light
path of mirrors and beam splitters 38 to 42, identical
duplicate flow cells 27 and a single detector 35 which will
most probably be a red sensitive photomultiplier tube but
could also be a silicon photodiode or other detector. The

ARG ]
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- 6- I ndividually isolatable fromthe fluid pathway by | oop- val ve
means, wherein each aliquot in the fluid pathway is directed into a
selected | oop for a known period. This allows a particularly conpact
way of procesosnpizeveral 5 sanples at the sanme tine, yet apct/eBsmossse no
assay cells, t he apparatus remains conpact. Preferably, the | oop-valve
means conprises a single valve arranged to allow at nost one sel ected

i ncubation loop to formpart of the flysd .pat hway at any given tine.
This provides a sinple way of 10 ensuring that each sanple travels the sane

di st ance closirs edf Olhseea! lwikpagss waryeSmheh Gidfeddidift on the

' available fluorophores since the lasing wavelength and

optimum fluorophore excitation wavelength need to be well

matched. The rate of development in the field of solid

5 state lasers and long wavelength £luorophores is rapid and

the final choice for these components cannot be made now.

However it is likely that the lasers should have at least

a 1 milliwatt output and operate above 550nm, whilst the

: fluorophores should be water soluble, stable in solution,

\ 10 unaffected by pH changes, emit their fluorescence above

600nm and have the general properties required of a good
fluorophore.

The laser module 31, 32, 33 can contain more than one

15 laser, each of which can in turn be switched into the light
path whilst at the same time collecting data from the
detector into a separate channel. Computer control of this
switching allows the potential for multi-label detection by
operating 2 or more carefully chosen lasers of different

20 excitation wavelength in a rapid pulse mode, one after the
other, -and monitoring the associated emission from its
paired fluorophore. 1In this way specific measurements can

be made in mixtures of fluorophores and this leads to the
possibility of multi analyte determinations from the same

25 elution peak. If pairs or more of analytes are measured
in this way the throughput of the instrument is greatly
increased and the usage of sample greatly reduced since
mixed specificity beads can be used for the sample capture.

30 The resulting signal is plotted as a peak and the
calculated area used to determine the concentration of the
sample from a curve generated from standard solutions.



Normal |y, a detection pathway forns the fluid pat hway downst ream of the
barrier, the detection pathway including 15 waste-val ve neans arranged to
direct fluid in the detection pathway to either an outlet or past the
det ect or nmeans whi ch prevents the unconpl exed m xture from

cont ami nati NP 972%4e flow cell. 20 Preferably, the flui FPFOEERINSHS
divided into a plurality of the said detection pathways with
splitter-val ve nmeans . arranged to direct each respective aliquot into a
respective sel ected one of the detect+ld+ pat hways. The mul tiple A
pat hways may extend from any point after the 25 incubation | oops. Thi s
i nproves the capad@hey system operaggsain: gandomoaccess mede dut Hmas\clieed

whi | st anot hein+tuilt 2RRRXSEYY fofaBhediate ahalgsfgva&f aGaEIS cypne
detector Corrpﬁﬁpefest,hew eitc%Ct 'are B%lrgecaerhs fi%r aslelpatra edetrea% I OQ: aétz}w ys
autosampler. The timing and scheduling of operations are
5 precisely controlled by the software which is icon driven,
intuitive to wuse and which operates in a Windows™
environment. The software is designed to run on a notebook
type computer which can be closed and stored in the base of
the instrument when not required. Communication with the
“ 10 instrument is bi-directional, allowing feedback from off-
scale results to initiate appropriate dilution and sample
re-analysis. The instrument and software are fully
configured for operation within a Laboratory Informatien
Management System (LIMS) environment, including quality
15 control monitoring of assay controls and reagent cartridge
performance.

The analyser is designed to be capable of measuring

greater than 20 clinically important substances, each of

20 which will have a dedicated cartridge of reagents, capable

of approximately 200 analyses held in the reagent carousel

on board the instrument. The cartridge design will ensure

that reagents can be stirred if required and kept at

constant temperature through control of either the carousel

25 compartment or the cartridge itself. Each cartridge holds
information about itself, possibly on a bar code.

In the illustrated embodiment there are two detector

flow pathways. This is particularly advantageous as one of

30 the two pathways can be analysing a sample whilst the other
pathway is being washed from wash buffer 28 via one of the
wash valves 29. This greatly increases the number of
samples which can be analysed in a given time period. This



A preferred enbodi rent of the invention will now be described with

reference to the acconpanying drawi ngs in WO 97/ 29376

PCT/ GB97/ 00334 - T- whi ch: Fig.
1: shows a schematic representation of an assay

apparatus ywiFdrabits N9 to t he pr esent PCT/GBITIO0IBI ON
Fig. 2: shows a detector for use in the apparatus of

Fig. 1,

10

Fig. 3. depicts the overall construction of the

design is particularly advantageous when used in
conjunction with the detector of the present invention
which allows for the two (or more) flow cells 27 to be
analysed from a single radiation generator/emitter and so
the increased capacity is provided at little extra cost.

of 'éourse, the detector 30 can be used in other
assay/analysis systems where its advantages can also be
utilised. Furthermore, other types of detectors could be
used other than lasers that still operate with the
advantageocus single detector and/or source but have several
flow cells for detection of the detectable mbiety;-

5



appar at Figure 1 shows a flow injection inmunoassay
anal yser T"ﬂ I im ll!l at ed system The system operates using the
princi pl'es ion analysis, that is a contifiuous st ream of

liquid is- used to transport discrete vol unmes of sanpl e or reagents that
are injectedWOI2937e stream 15 These materials can then BET/GPEGNM into
contact with one another or with other materials that may be in

sol ution or fixed to a surface so that they interact in a way that can
be neasured and thus the flow injectiaygarocess is directly anal ogous
to the mani pul ations that take place in 20 t says using

mcrotiter pl m_tubes except that inj syringes and
preci se control of fiowrate replace the hshers and
shakers. 25 A carrier buffer streami nerated fromrun buffer

12.-A plural i fiy of ASanPPRAY afdPRANarus, fosarfsteqhiingssi rproductiniin 14
whi ch al so pr sample ,cachprd#ing OrfRME Wdthway witnladi nft PoPathécul ar
target nol gculgQnbd PLRAVUGH) 1&%@ for a reagent with a detectable moiety
which transports the sample to a detecting means via a
barrier arranged to prevent a product-reagent complex
passage but allow passage to the reagent and the sample,
. where the complex is formed through interaction of the
\ 10 reagent and any of the product in the sample, wherein the
-apparatus also includes supply means for supplying a
substance adapted to breakdown the complex into a
detectable moiety which can flow through the barrier to the
detecting means.
15 _
2. The apparatus according to claim 1, wherein the inputs
are arranged to inpnf a series of spaced apart aliquots
containing a sample and respective reagents into the f£luid
pathway, the apparatus further including a plurality of
20 incubation loops, each loop being individually isolatable
from the fluid pathway by loop~valve means, wherein each

al.iquot in the fluid pathway is directed into a selected
loop for a known period.

25 3. The apparatus according to claim 2, wherein the loop-
valve means comprises a single valve arranged to allow at
most selected one incubation loop to form part of the fluid
pathway at any given time. '

30 4. The assay apparatus according to any one of claims 1
to 3, wherein a detection pathway forms the fluid pathway
downstream of the barrier, the detection pathway including
waste-valve means arranged to direct fluid in the detection
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pl ace“ by |"nJ ecting a known vol ume of a sanple that possibly 30 contains the
pr oduc l‘ buf fer stream and mxing it with reagents
from a“lmgmm“ ﬂlltﬁ“l%e 15. The sanpl e processor unit 14 has’

t he capacity 4t o"hofd * WD 97/ 29376 .

PCT/ GB97/ 0G#347129376 - . ' - 8- appr peT/cBY0934100
sanples and a normal variety of tube sizes. The unit l4_is abl e of -
carrying out accurate and preci se pipetting | e

di lution as requi r ed. This may ke in a tr th 5

appropriate volunes transferred to a Separate t
pathway to either an outlet or past the detector means.

5. The assay apparatus according to claim 3, wherein the
fluid pathway is divided into a plurality of the said

-5 detection pathways with splitter~valve means arranged to
direct each respective aliquot into a respective selected
ane of the detection pathways.

__ 6. The assay apparatus according to claim 5, wherein one
\ 10 detector comprises the detection means for all the
' detection pathways.

7. An assay method for detecting a product in a sample,
comprising the steps of:

15
a) feeding the sample and a reagent with a detectable
moiety into a f£fluid pathway;
b) allowing the sample and reagent to interact to form a
mixture of the sample, the reagent and a product-
20 reagent complex if the product is contained in the

sample;

c¢) holding the complex at a barrier across the fluid
pathway which barrier allows any uncomplexed sample
and/or reagent to flow therethrough;

25 4d) subsequently breakitig down the complex into a
detectable moiety which can flow through the barrier,
for example the reagent;

e} detecting the presence of any detectable moiety
released in step d) downstream of the barrier.

30 '

8. The method according to claim 7, wherein stéps a) to
e) are repeated for a series of separated aliquots flowing
down the pathway, wherein in step b) each respective

This Sheet Has Been Rep
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processor ng the fl ow system where a fixed vol une of
sarrpl mm oI une of diluent (or vice versa) are nerged in a
m Xi n | xed volune is taken for analysis. The unit 14
may errpl oy robot arm (not 10 shown) carrying a sanple probe jnot shown) .
The robot ar%P%”29Ypul d nornal |y be capabl e of novenent inh es and
t he probe can be washed between sanple mani pul ati gns_at_an —of—hpar d

wash station. Sanpl es can be | oaded onto the TMS)SHEEDIHAISrBEENH,
preferably in their original tubes ofl7S  varying di meppPIACED i n- -

pre-prepared ragcks of tugg I n pre-prep arecm
Sanpl e i dent i M EWMPHnLgn lrecﬁ?dackpﬁs ian nABEuBBELPR| daam oWBRTBartR® des

whi ch nmay be aliquétacies imoliated fow thal résbest €hetfluidratlivdss for t he

mcrotiter pl té?ﬁfg&i ipe 9&&:029 eﬂ’g%gﬁhggg Ryokhgggnrzage %ar&db%m;ode

r eader, t houg track ng sys fl ow
system of t heP¥oAugt anithe sample $o occurr §askprwmi bhe comphex. 10 nade
from chesically and 25 bi oI ogr cally inert material such as comercially

avai |l abl e nyI r E | nner Lamejer of ty I I 0.
al t hough thi s> ey t rﬁetl%l:)a PRt el fn ) e

complex is held until the rest of the al:.quot has flowed

past the barrier and waste-valve means directs said rest to

waste outlet, and then the waste-valve means switches to
"‘ 10 direct the detectable moiety released in step d] to the
- detector means.

10. The method according to claim 9 or claim 10, wherein

there are a plurality of detection pathways downstream of
15 the incubation loops, each aliquot being directed to a

respective detection pathway for detecting any of the

detection moiety, and the other detection pathways will be:

unused, undergoing a wash cycle; or analysing a different

aliquot, when the respective one detection pathway is in
20 use.

1l. An assay apparatus as hereinbefore described with
reference to, and as illustrated by, the accompanying
drawings. '

25
12. An assay method as hereinbefore described with

reference to, and as illustrated by, the accompanying
drawings.

30 13. A detector apparatus as hereinbefore described with

reference to, and as illustrated by, the accompanying
drawings. |

\
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punpi ng system (not shown) consists of several |ow pressure punps, nost
likely peristaltic punps which may be of 30 differing size, sophistication
and perfornance and will be capabl e of delivering a highly reliable
flow rate. central punp will be used to nove the carrier buffer,
sanpl es and ‘F’B&Z{é’ﬁ*ﬁ% through the system whi | st ot her punps PCT/GBITR0334
97/ 29376 PCT/ GB97/ 00334

-9- which are likely to be | ess sophisticated, will be used to-
carry out other nmani pul ati ons, such as reagent transport, barri-er
washi ng and conjugate el ution. The opet/ation of each pump w Il be
controlled by the central conputer (not 5 shown) to ensure optinum
performance and effective
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synchroni sation. The conputer will also have control over ~ the many

aut omated sw tching val ves (described in nore detail hereinafter),

whi ch at the appropriate tinmes direct sanpl es or reagents into or out

of the main carrier stream 10 These valves nay be electronically or

pneumat i cal IWO9"293Ferat ed and nust be extremely reliabl e aREVCBHEE34,S

t hey wll be used many tines in any working day. They will be very

sinple in design needing only to switch the liquid fl ow between one of

two channels or limted nunber of 15 ck#snels. The val ves nust have

chem cally and biologically inert surfaces where they cone into contact

with the liquid stream Cenerally, the reagents required for

each assay are 20 specific for the analyte of interest, however the sane

principles are applied in each case and only two conponents are

normally required. It is preferred for all assays to utilise

m cro- beads of a defined dianeter and with the ‘property of neutral

density so that they remain in 25 suspension and it is Igkely that the

beads wi ||l be nmade of a cellulose material with | ow ff@n-specific

bi ndi ng properties although other suitable material s @aymbe

preferred. The surface of these beads & coated, p@b&pl
o B0

- * = &
g

Electromi
contro
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t hrough coval ent conjugation, although other procedures 30 such as

adsorption may be possible with a |igand bi nder mat eri al such as an
anti body or other conpound t hat specifically binds only the anal yte of
interest in assay. In a nore -sophisticated assay. it is
WO o71 20376 WBSa9378 b oy oo TBGHEb s _
- 10- possible to coat two or nore ligand binders with different
specificity's onto the bead surface and this allows for nmul ti anal yte
determ nation fromthe sanme sanpl e. shﬁ second reagent is a |abelled
material which may be an 5 anal ogue of the analyte of interest or binder

W th

Sample processor

Reagent carousel
Computer control
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specificity for the anal yte depending on the assay fornmat
Is often a fluorophore with spectral
infra red region of the electronagnetic

such x:

| abel

it to be detected in the near
spectrum however
chem | uni nescent materials are al so

PE€5Ent s and FHE°§HﬁﬁﬂﬂgﬁﬁE?“E
B% HE pATENT @gﬁhﬂﬁmv
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The present invention relates to an assay apparatus for detecting a product in a sample ( !49) The assay apparatus comprises a fluid

5) with a detectable moiety which transports the sample to a detecting

raeans via a barrier (22) arranged to prevent a product-reagent complex passage but allow passage to the reagent and the sample. The
complex is formed through interaction of the reagent and any of the product in the sample. The apparatus also including supply means for
supplying a substance (24) adapted to breakdown the complex into a detectable moiety which can flow through the bunu to the detecting




streamand it is carried down to the menbrane barrier 22 where the

m cro beads are retained whilst all other 30 materials flow through and
are passed to waste. The barrier 22 consi sts of a porous nmenbrane nade
froma chemcally and biologically inert material such as nylon and the
barrier 22 is sized and arranged to prevent all beads from passing

WD 97/ 29376 PCT/ GB97/ 00334

through to the flow cell. The pore structure of the menbrane is
governed by the size of the mcro beads, however it is inportant that

t he nenbrane has a | ow non- _specific binding of excess reagents and that
substantially .
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path is t hen washed
of f any unbound
yiring this period, so

R, 12 e

reagents amd possi ¥ ysthe flowra ..SHET 5

_ en#\s .
the barrier | d have godd 11 oREPLAGS ¢ Subseguent |y, the
vari ous val‘\yégéi}gylo swi t ched i nlsywrelrommsation to di vertreRR! n
buffer fl ow fromthe barrier 22 whil stgg-ntroduci ng an el ution buffer
fromvessel 24 to flow through the barrier 22. The turning of the

switch can be gauged from nonitori ng® EDCIAIMS reagent fl owi ng
through the flow cel | 2fregciyedhydpcdntenmipngl Buscau gn August 1997 (90089 he| (det ect abl e

noi ety) from the ni cr obead™snelclpigs i-i3placed yaghctimpl-BAf Pses] 22 The flow is
now di rect ed to a flow cell 27 for nmeasurenent downstream The fl ow
Cell 27 is likely to be a quartz silica cylinder, although ot her

mat eri al s and shhpes Amy asgapr carparatus,i fara deheating Jomnedugh kel v to

exgeed 200[err]t)|sﬁﬁsl1dwi@$mﬂﬁs1@gqﬂ |Muic} pathwayaieh l&éﬁ ?d_pi@tfloiolﬁlﬁe
a0, Ton o o DYeSEd S5 e, 1o Pirs AT MIshsadEactint i epy
back f | ushedwhiclh trnangpexys i the sampde ftoom vdetecti®y wheans 2via a
renpves the beadgjking@dia whepdOthe Towplék 280 EhtBigh intEFEitEvR
req_dy for the neé}. él-?gp :.l'eeagaelnltqua%td any of the product in the sample and a
' membrane barrier arranged to prevent a product-reagent
"\ 10 complex passage but allow passage to the reagent and the
sample, wherein the apparatus also includes supply means
for supplying a substance adapted to breakdown the complex
into a detectable moiety which can flow through the barrier

to the detecting means. '

15

2. The apparatus according to claim 1, wherein the
complex is formed on a bead and the apparatus further
including bead valve means arranged to provide an outlet to
waste for the beads after the complex is broken down at the

20  Dbarrier.

3. The apparatus according to claim 1 or claim 2, wherein
the inputs are arranged to input a series of spaced apart
aliquots containing a sample and respective reagents into
25 the fluid pathway, the apparatus further including a
Plurality of incubation loops, each locop being individually
isolatable from the fluid pathway by loop-valve means,
wherein each aliquot in the fluid pathway is directed into
a selected loop for a known period.
30 '
4, The apparatus according to claim 3, wherein the loop-
valve means comprises a single valve arranged to allow at
most selected one incubation loop to form part of the fluid
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| S ater detail in Flgure 2 and consists of

2p: ;’its;are |ut|ﬁ‘rgﬁllt“qﬂ|lmlﬂmt ?gal 33 a light 30 Fof mirrors and beam

I1s 27 and a single

detector 35 which will nmost ensitive photomul tiplier
tube but woemrsaéd al so be a sili . oat-otte— 0T Ot her PCIRGBI00334 The

WD 97/ 29376 PCT/ GB97/ 00334

-12- choice of lasers will be very A&kh dependent on the avai l abl e
f1 uorophores since the |asing wavel ength and opti mum f | uor ophore
excitation wavel ength need to be well mat ched. The rate of developnent

in the field of solid
pathway at any given time.

5. The assay apparatus according to any one of claims 1
to 4, wherein a detection pathway forms the fluid pathway
5 downstream of the barrier, the detection pathway including
waste-valve means arranged to direct fluid in the detection
pathway to either an outlet or past the detector means.

. 6. The assay apparatus according to claim 4 or 5, wherein

l 10 the fluid pathway is divided into a plurality of the said

' detection pathways with splitter-valve means arranged to
direct each respective aliguot into a respective selected
one of the detection pathways.

15 7. The assay apparatus according to claim 6, wherein one
detector comprises the detection means for all the
detection pathways.

8. An assay method for detecting a product in a sample,
20 comprising the steps of:

a) feeding the sample and a reagent with a detectable
moiety into a fluid pathway;
b) allowing the sample and reagent to interact to form a

25 mixture of the sample, the reagent and a product-
reagent complex if the product is contained in the
sample;

c) passing the mixture to a barrier across the fluid

pathway where the barrier holds the complex, but

30 allows any unéomplexed sample and/or reagent to flow
therethrough;

d) subsequently breaking down the complex at the barrier

into a detectable moiety which can flow through the

is Sheet Has Been Reﬁaced

T
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5 stat wavel ength fl uorophore..' ==8pi d and the final
choi cej l !‘ nts cannot S QEEN owever it is likely

that t ave at | eas L out put and operate
above 550n mhllst t he f 1l uor opl S L=t er SOl stable in
sol uti on, MMt ect ed by pH chand st their quoreigaﬁgg’

600nm and have the general properties reqgsed of a good quorophore.
The | aser nodule 31, 32, 33 can contain nore than one 15 |aser, each of
which can in turn be switched into the Iight path whilst at the sanme’
time collecting data fromthe . detector into a separate channel

Conput er control of tﬁu&ler gort ekanpra! tresrddenotential for multi-| abel

detection by r careful ly aosen l.a di fferent
20 excitation éf?g"ﬁ?qilﬁ‘ga Fg% pf)ﬁ'f’%‘éc?mc?eec S aflfg ?’?@{
and nonitoring the asseicaaﬁes’diernss;spod)fdmﬂlseam OQOaihee@atmeraphore In

this way specific neasurenents can be made in m xtures of fluorophores
and this leads to the Qssj bility  of rmlt!l?nalyte determnatlonsfrom
3 RApX

the same 25 %el u?ion Thea éq"'\qd aipg %8y §181maRal YREESLD Lhe L3P
in this way the itsirfoagigsubnoé b@dlwtatcmgsnpassegrmmaﬁte after step d).

10. The method according to claim 8 or 9, wherein steps a)
to e) are repeated for a series of separated aliguots
\ 10 flowing down the pathway, wherein in step b) each
respective aliquot is directed into an incubation loop
where the aliquot is isolated from the rest of the fluid
pathway for a period in order for interaction of the
reagent and any product in the sample to occur toc form the
15 complex.

11. The method according to any one of claims 8 to 10,
where in step c) the complex is held until the rest of the
aligquot has flowed past the barrier and waste-valve means

20 directs said rest to waste outlet, and then the waste~valve
means switches to direct the detectable moiety released in
step d) to the detector means.

12. The method according to any one of claims 8 to 11,

25 wherein there are a plurality of detection pathways
downstream of the barrier, each aliquot being directed to
a respective detection pathway for detecting any of the
detection moiety, and the other detection pathways will be:
unused, undergoing a wash cycle; or analysing a different

30 aligquot, when the respective one detection pathway is in
use.
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I ncrea of sanple greatly reduced since m xed
speC| fs| m ! “'Imm‘e used for the sanple capture. 30 The
M

resulting sigmal wissplotted as a peak and the cal cul ated area used to
determ ne the concentration of the sanple froma curve generated from
st andar d ™9 2720436 s . WD 97/ 29376 _ PCT/GB97/00334

PCT/ GB97/ 00334 -21- - 13- The system
operates in random access node but has the in-built capacity for

i mmedi ate anal ysis of energency sanpl e, which are placed in separate
rack on the aut osanpl er. The tim ng and scheduling of operations are 5

preci sely contrgl | ed b\é the software which _is i.con driven
ssay apparatus as hereinbefore described with

reference to, and as illustrated by, the accompanying
drawings.

5 14. An assay method as hereinbefore described with
reference to, and as illustrated by, the accompanying
drawings.

15. A detector apparatus as hereinbefore described with
\ 10 reference to, and as illustrated by, the accompanying
' drawings.
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intuitive

envi r.onnent .
conmput er whi ch’ H“IMMH:MHHP stored in the base of t he instrufent
when not requi nwth the 10 instrunent is bi-directional,

SR T B

to—use—and—which operates in a Wndowerr]

The software is designed to run on a notebook type

al I owi ng feedback fromdffs * scale results to initiate ppropriate

dilution and sanpl e re- anal ysi s. T
fully configured for operation w18+

stem (LI MS) environnent, indludinp ) ) control
fy controls and reagent cartrldge per f or mance.

Managenent
nmoni t ori ng

sof t war e
rmati on

The anal yser is designed to be capable of neasuring greater than 20
clinically inporzﬁﬂt substances, each of 20 which will have a dedicated

cartridge o
t he reagent
ensure g

constant te
or the cart Whdgh

rea

possi bly OoNm@akd viaJ8 mixing coil where the complex is formed through

10

15

20

25

30

interaction of the reagent and any of the product in the
sample and then to a membrane barrier arranged to-prevent
a product-reagent complex passage but allow passage to the
reagent and the sample, wherein the apparatus also includes
supply means for supplying a substance adapted to breakdown
the complex into a detectable moiety which can flow through
the barrier to the detecting means.

2. The apparatus according to claim 1, wherein the
complex is formed on a bead and the apparatue further
including bead valve means arranged to provide an outlet to
waste for the beads after the complex is broken down at the
barrier. '

3. The apparatus according to claim 1 or claim 2, wherein
the inputs are arranged to input a series of spaced apart
aliquots containing a sample and respective reagents into .
the fluid pathway, the apparatus further including a
plurality of incubation loops, each loop being individually
isolatable from the fluid pathway by loop-valve means,
wherein each aliquot in the fluid pathway is directed into
a selected loop for a known period. .

4. The apparatus according to claim 3, wherein the loop-
valve means comprises a single valve arranged toc allow at
most selected one incubation loop to form part of the fluid

assay, pPRaratug; top, deteqtdng 260 RRedyets imci @ in
sampi&%ﬂcomprruuﬁ@aadfﬂh&dl@Nﬁhﬁﬂyﬂw1£ﬂmaﬁaiﬁﬁhdgﬁoée%hﬁn‘M||

ts d.if d
Qﬂ{p]{ ure%{]hr%o(l}g con rolrar(@affe Iéetnﬁ:e Lﬂtli‘gatgegﬁéﬁai’ig PSHEEYt nent
ifkwid pabbwayatrendgortsl dhe samplertat aodeslecttinit sel f,
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In the illustrated enbodi nent there are two detector fl ow pat hways.
This .is particularly advantageous as one of 30 the two pat hways can be

anal ysing a s other pathway is being washed from wash
buffer 28 vi aﬂm“ﬂml\!ﬁmw sh val ves 29. This greatly increases the

nunber of sanpl as | €h €an be analysed in a given tine od. This
WD 97/ 29376 GO X
-14- design is particularly adveetageo R

conjunction with the detector of the present i all ows for

the two (or nmPRENWRYowtc@nlys givero Higme.

5. The assay apparatus according to any one of claims 1

to 4, wherein a detection pathway forms the fluid pathway

5 downstream of the barrier, the detection pathway including

' waste-valvé means arranged to direct fluid in the detection
pathway to either an outlet or past the detector means.

) 6. The assay apparatus according to claim 4 or 5, wherein

10 the fluid pathway is divided into a plurality of the said

\ detection pathways with splitter-valve means arranged to

| direct each respective aliquot into a respective selected
one of the detection pathways.

15 7. The assay apparatus according to claim 6, wherein one
detector comprises the detection means for all the
detection pathways.

8. An assay method for detecting a product in a sample,
20 comprising the steps of:

a) feeding the sample and a reagent with a detectable
moiety into a fluid pathway;
b) allowing the sample and reagent to interact to form a

25 mixture of the sample, the reagent and a product-
reagent complex if the product is contained in the
sample; ' ;

c) passing the mixture to a barrier across the fluid .
pathway where the barrier holds the complex, but

30 allows any uncomplexed sample and/or reagent to flow

| therethrough:;

d) subsequently breaking down the complex at the barrier
into a detectable moiety which can flow through  the

s ey
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barrier, for example the reagent:
e) detecting the presence of any detectable moiety
released in step d) downstream of the barrier.

9. The method according to claim 8, wherein the complex
is formed on a bead which is passed to waste after step d).

10. The method according to claim 8 or 9, wherein steps a)
to e) are repeated for a series of separated aliquots
flowing down the pathway, wherein in step b) each
respective aliquot is directed into an incubation 1loop
where the aliquot is isolated from the rest of the fluid
pathway for a period in order for interaction of the
reagent and any product in the sample to occur to form the
complex.

11. The method according to any one of claims 8 to 10,
where in step c) the complex is held until the rest of the
aliquot has flowed past the barrier and waste-valve means
directs said rest to waste outlet, and then the waste-valve
means switches to direct the detectable moiety released in
step d) to the detector means.

12. The method according to any one of claims 8 to 11,
wherein there are a plurality of detection pathways
downstream of the barrier, each aliquot being directed to
a respective detection pathway for detecting any of the
detection moiety, and the other detection pathways will be:
unused, undergoing a wash cycle; or analysing a different

~aliquot, when the respective one detection pathway is in

use.
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1. An assay-apparatus f or detecting a product in a sanple, conprising

aliquid pathway with an input for the sanple and an input for a reagent
wi-th a detect ﬂlﬂwﬂmimﬂumu transports the sanple to a detecting means
via a menbrane® a conplex is formed on a m crobead through
reaction of the reag%nﬂ afd &ny of the product in the sanple, wherein the
menbrane barrier is porous with a pore size that prevents passage of the
m cr obeads but all ows unreacted reagert8and sanple to fl ow therethrough,
and wherein the apparatus al so includes supply nmeans for supplying an

el ut ant adapiéd tANbraeKAVWRRRRTAWIHH| 8% | heseinbeforeabfiesapibed fwidih of

the m crobeadevBirefceanté] ovarddir @eghi i haskackkdr bH9,a éﬁée%édlﬂnﬁﬁnt%g 2.

The apparatua according to claim1, wherein the inputs are arrange
i nput a seri 8538t"gFaced apart aliquots containing a sanple and respective
reagents into the fluid pathway, the apparatus further including a

I i fLi ' I ] individ |y, .i.sol hl.e f
Phe 11 ui & patRiay oy Fa58 0 Mt i o BFERRnbRR Rt Hanen e Hich o

pat hway i s dreferencenttoa ssidcisd illustrated by, the accompanying
drawings.

s 15. A detector apparatus as hereinbefore described with
10 reference to, and as 1illustrated by, the accompanying
\ drawings. |
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C : o 804146 -o.
| oop for a known peri od. 3. The apparatus according to claim?2, wherein

t he | oop- val ve neans conprises a single valve arranged to allow at nost
sel ected one incubation loop to formpart of the fluid pathway at any given
tinme. 4. The assay apparatus according to any one of clains 1 to 3,
wherein a detection pathway forns the fluid pathway downstream of the
barrier, the detection pathway including 4

16
set of transparent beads are covered with a bound reagent

complex which allows a competition assay to occur in this
region. Quantitative analysis of the presence of a product
in the sample is conducted by electro-magnetic detection
means, e.g. fluorometer, at this point which is why the
beads and the section of the conduit must be transparent in
this area. This technique is particularly suitable for
measuring the rates and progress of the assay reaction.

Clearly, in this known flow injection method the
detection means and the transparent area of the conduit
must be in close physical proximity and it is suggested
that the transparent part of the conduit is formed as part
of the lens system of the detector means. This leads to a
complex arrangement of the machinery which limits the types
of assays which can be performed by this teéhnique.

The present invention seeks to provide an improved
assay system which is simple, reliable and versatile.

According to a fifst aspect of the present invention
there is provided an assay apparatus for detecting a
product in a sample, comprising a liquid pathway with an
input for the samplé and an input for a reagent with a
detectable moiety which transports the sample to a
detecting means via a membrane barrier, where a complex is
formed on a microbead through reaction of the reagent and
any of the product in the sample, wherein the membrane
barrier is porous with a pore size that prevents passage of
the microbeads but allows unreacted reagent and sample to
flow therethrough, and wherein the apparatus also includes
supply means for supplying an elutant adapted to breakdown
the complex into a detectable moiety free of the microbead
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wasf e-val ve neans arranged to direct fluid in the detection pathway at any

given tine.

5. The assay apparatus according to any one of clains 1t

4, wherein a detection pathway forns the fluid pathway downstream of the
barrier, the detecti-on pathway includi ng waste-val ve neans arranged to

. direct fluid in the detection pathway to either an outlet or past the
det ect or neans. 6. The assay apparatus saccording to claim4 or 5,
wherein the fluid pathway is divided into a plurality of the said detection
pat hways wi t hwhpkcht cen- fabwe theenghathenbedriierditoeat detekr trimep eeanss
aliquot into a respective selected one of the detection pathways. 7.
assay apparatus according to claim®6, wherein one detector conprises the
detecti pn neans foRCEPKFILRE §et acereAngatBrags. of the present invention

there is provided an assay method for detecting a product
in a sample, comprising the steps of:

a) feeding the sample and a reagent with a detectable
moiety into a liquid pathway;

b) allowing the sample and reagent to interact to form a
mixture of the sample, the reagent and a product-
reagent complex if the product is contained in the
sample where the complex is formed on a microbead;

c) passing the mixture to a membrane barrier across the
fluid pathway where the barrier is porous with a pore
size that prevents passage to the complex, but allows
any uncomplexed sample and/or reagent to flow
therethréugh;

d) subsequently breaking down the complex at the barrier
into a detectable moiety free from the microbead which
can flow through the barrier, for example the reagent;

e) detecting the presence of any detectable moiety
released in step d) downstream of the barrier.

The present invention thus provides a flow injection
assay system where the detector means is located downstream
of where the reagent sample complex is formed. This
provides a simplified system. In this arrangement a
greater range of assays can be performed compared with the
previously known flow injection techniques. This is
clearly advantageous and is due to the fact that the
analysis is not performed at the screen.

In preferred embodiments of the invention there is
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8. 7 The' assay apparatus according to any one of the preceding clains,
wherein the detecting nmeans conprises a | aser nodule and a detector. 9.
The assay apparatus according to claim8, wherein the | aser nodul e contains
nore than one | aser and the detecting neans is arranged to all ow

mul ti-anal yte determ nation from each spaced apart aliquot of sanple. 10.
The assay apparatus according to any one the preceding clainms, wherein
the mcrobead is with re than one |i i nder . each |igand

bi nder havi né’ré’vc}lqoq%e t Stﬁ)grcr}) syare arra ge t1):0 q.nput a series of

spaced apart aliquots containing a sample and respective
reagents in to the fluid pathway, the apparatus further
including a plurality of incubation loops, each loop being
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17 11 An-assay‘nethod*for*detect|ng a product in a sanple, conprising the

steps of: sanple and a reagent with a detectable
noi ety int ollm“ milﬂm gm; al l owi ng the sanple and reagent to
interact to re of t he sanple, the reagent and a product-

reagent conplex if the product is contained in the sanpl e where the
conplex is forned on a mcrobead; c) pasksing the m xture to a nmenbrane
barrier across the fluid pathmay where the barrier is porous with a
por e si ZLAIME: prevents passage to the conplex, but allows any
unconpl exed sanpl e and/or reagent to flow t her et hr ough; d)
subsequent |y rea%&gg down the conplex at the barrijer into a

det ect apl e ot ety 7 ef§%BM FP@aﬁa@P@beﬁﬂrV\m%theCtlng caéh Prewuchr oigh 2 he
barrier|, for sxapbte tbepriagegta 2iquiat pathlly With RFESHIRR Rbr WY

detectapl e @érﬁgfe and 53' er?pu%j forStexpeafBenq:ovvm\?isél{ ea? eogecgthaeb]l.)grnﬁclneerty
which transports the sample to a detecting means via a
membrane barrier, where a complex is formed on a microbead
through reaction of the reagent and any of the product in
the sample, wherein the membrane barrier is porous with a
pore size that prevents passage of the microbeads but
allows unreacted reagent and sample to flow therethrough,
and wherein the apparatus also includes supply means for
supplying an elutant adapted to breakdown the complex into
a detectable moiety free of the microbead which can flow
through the barrier to a detecting means.

2. The apparatus according to claim 1, wherein the inputs
are arranged to- input a series of spaced apart aliquots
containing a sample and respective reagents into the fluid
pathway, the appdratus further including a plurality of
incubation loops, each loop being individually isolatable
from the fluid pathway by loop-valve means, wherein each
aliquot in the fluid pathway is directed into a selected
loop for a known period.

3. The apparatus according to claim 2, wherein the loop-
valve means comprises a single valve arranged to allow at
most selected one incubation loop to form part of the fluid
pathway at any given time.

4. The assay apparatus according to any one of claims 1
to 3, wherein a detection pathway forms the fluid pathway
downstream of the barrier, the detection pathway including
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12: The nethod accordimgto Tl aim 11, wherein the conplex is forned on a
bead which i

claim1l or'
separated al
respective aliquot is directed into an i&gubation | oop where the aliquot
I solated fromthe rest of the fluid path

i ntera
the co

mpl ex.

after step d). 13. The nmethod according to
m m Hlmlmm a) to e) are repeated for a series of
[ wn t he pat hway, wherein in step b) each

y for a period in order for

accofr
pathway at any given time.

0 "any on

5. The assay apparatus according to any one of claims 1
to 4, wherein a detection pathway forms the fluid pathway
downstream of the barrier, the detection pathway including
waste-valve means arranged to direct fluid in the detection
pathway to either an outlet or past the detector means.

6. The assay apparatus according to claim 4 or 5, wherein
the fluid pathway is divided into a plurality of the said
detection pathways with splitter-valve means arranged to
direct each respective aliquot into a respective selected
one of the detection pathways.

7. The assay apparatus according to claim 6, wherein one
detector comprises the detection means for all the
detection pathways.

8. The assay apparatus acéording to any one of the
preceding claims, wherein the detecting means comprises a
laser module and a detector.

9. The assay apparatus according to claim 8, wherein the
laser module contains more than one laser and the detecting
means is arranged to allow multi-analyte determination from
each spaced apart aliquot of sample.

10. The aSsay apparatus according to any one of the
preceding claims, wherein the microbead is coated with more
than one 1ligand binder, each ligand binder having a
different specificity.
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18 * where in step c) the conplex is held until the rest of the aliquot has
flowed p nd wast e-val ve neans directs said rest to waste
outl et, F"“lm iﬂ“mlmuﬂe val ve means switches to direct the detectable
noi ety rel+easedtin®step *d) -to the detector neans. 15. The met hod
according to any one of clainms 11 to 14, wherein there are a plurality of
det ecti on pat hways downstream of the barri%er, each aliquot being directed

to a respective detection pat for detectlng any of the detection
moi ety, |and tHe ot%ra%ﬁﬂ}écff'$6h°%afﬂmla§§t%tllnﬁea orosuet U@ ALy wash

cycle; ¢r anaédf@mﬁ%gﬁ@r@gg p@ldguot, when the respective one detection
pat hway [is in use The met hod according to any one of clains 11 to

15,
a) feeding the sample and a reagent with a detectable

moiety into a liquid pathway;

b) allowing the sample and reagent to interact to form a
mixture of the sample, the reagent and a product-
reagent complex if the product is contained in the
sample where the complex is formed on a microbead;

c) passing the mixture to a membrane barrier across the
fluid pathway where the barrier is porous with a pore
size that prevents passage to the complex, but allows
any uncomplexed sample and/or reagent to flow
therethrough; _

d) subsequently breaking down the complex at the barrier
into a detectable moiety free from the microbead which
can flow through the barrier, for example the reagent;

e) detecting the presence of any detectable moiety
released in step d) downstream of the barrier.

12. The method according to claim 11, wherein the complex
is formed on a bead which is passed to waste after step d).

13. The method according to claim 11 or 12, wherein steps
a) to e) are repeated for a series of separated aliquots
flowing down the pathway, wherein in step b) each
respective aliquot is directed into an incubation loop
where the aliquot is isolated from the rest of the fluid
pathway for a period in order for interaction of the
reagent and any product in the sample to occur to form the
complex.

14. The method according to any one of claims 11 to 13,
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whérein the assay 'S arranged for nultianafyte determ nation from

the sa step a). 17. An assay apparatus as herei nbefore
descrl gacmlﬂ flmmlﬂfu “l and as illustrated by, the acconpanying
drawi ngs.* ¢18.L AM a%say nethod as hereinbefore described wth reference

to, and as illustrated by, the acconpanylng dr awi ngs. 19. A detector
apparatus as hereinbefore described withlfeference to, and as illustrated

by, the acconpanyi ng draw ngs. '
y 7 ager% in step c? the complex is held until the rest of the

aliquot has flowed past the barrier and waste-valve means
directs said rest to waste outlet, and then the waste-valve
meéns switches to direct the detectable moiety released in
step d) to the detector means.

15. The method according to any one of claims 11 to 14,
wherein there are a plurality of detection pathways
downstream of the barrier, each aliquot being directed to
a respective detection pathway for detecting any of the
detection moiety, and the other detection pathways will be:
unused, undergoing a wash cycle; or analysing a different
aliquot, when the respective one detection pathway is in
use.

16. The method according to any one of claims 11 to 15,
wherein the assay is arranged for multianalyte
determination from the same sample input in step a).

17. An assay apparatus as hereinbefore described with
reference to, and as illustrated by, the accompanying
drawings.

18. An assay wmethod as hereinbefore described with
reference to, and as illustrated by, the accompanying
drawings.

19. A detector apparatus as hereinbefore described with
reference to, and as illustrated by, the accompanying
drawings.
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