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ASSAY 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 immunoassays. 

It is well known to perform assays where aliquots of 
a sample are tested to see if the sampl.e contains a 

particular substance by reaction with one or more reagents 
10 to form a cample:x 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 immunoassay automation• Proc. UK NBQAS 
Meeting 1994:1:163-170; Wheeler, Michael J. For example, 
various types of i.mmunoasaays are now commonly used to teat 

20 bl.cod and other aampl.es for a great number of different 
compounds. Yet, even a large hospital would not have a 
large number of different assay ~chines and so the 
apparatus :must be capable of performing a range of 
different tests on _different samples. The versatility of 

25 any assay technique :amat necessarily increase as the number 

of tests that can be requested on samples increases. ~he 

growing desire that assays can be performed directly in 

places such as Doctors Surgery's, rather than sendinq 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 
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accuracy of the test will be apparent, as, for example, a 
patient's treatment may be determined based on the result 
of the assay and so an inaccurate result may lead to 
inappropriate treatment of the patient. 

The growth in ~ssay techniques being used has led to 
a large number of systems on the market. Presently, moat 
systems are semi-automated or automated systems, where 
after loading of the reagents and samples no further input 

10 is required from a human operator, unless a breakdown 
occurs. 

Aa 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. 'fhere 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 cOlllbined with the necessaz:y 
reagent or· reagents. The assay cell is then transterred to 
a part of a machine where.it can be held for sufficient 

25 time for the reagent and the sample to combine. 'thereafter 
the sample cell is transferred to the detector which 
detects the presence of a· known indicator to detemine 
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 transferrinq 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 
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semi-automated 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 

S _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 
l.arge due to the space required for the waiting area. 

10 

Recently, it bas been suggested to use flow injection 
technology in assay equipment. A review of this technology 
is given in an article by Pucbades, R. §t. Al •A 
Comprehensive Overview on the Application of Flow Injection 

15 '.rechniques in Immunoanalysis, Critical Reviews in 
Analytical Chemistry" 23, (4) :301-321(1992). '.rhe 
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 

2 0 the detector. '.rhis dispenses with the need of sample ce.lla 
and general.ly reduces the mechanical components of the 
system. 

W094'/03104 discloses a flow injection technique with 
25 deve1opments shown in W094/20855 and W095/22766. In thi.s 

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 alonq a condnit 
which has a transparent portion. In the transparent 

30 portion a sc;reen is produced of small, preferably magnetic, 
beads. As the fluid stream carries these samples and 
reagents into the area of the screen, complexl!;!s of the 
reagent-sample are held by the screen. Normally, a second 
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set of transparent beads are covered with a bound reagent 
complex which allows a competition assay to occur in this 
reqion. Quantitative analysis of the presence of a product 
in the sample is conducted by electro-magnetic detection 

5 means, e.g.. fluorometer, at this point which is why the 
beads and the section of the conduit must be transparent in 

10 

this area. ~his techniqUe is· particularly suitable for 
measuring the rates and progress of the assay reaction. 

Clearl.y, in this known flow injection method the 
detection means and the transparent area of the condut 
mast 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 assays which can be performed by this technique. 

20 

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

According to a first aspect of the present invention 
there is provided an assay apparatus for detecti.ng 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 
detectinq means via a barrier arranged to prevent a 
product-reagent complex passage but allow passage to the 
reagent and the ~ample, where the complex is formed through 
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 detectinq means. 
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According to a second aspect of 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; 

10 

15 

20 

b) 

c) 

d) 

~) 

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; 
holding the complex at a barrier across the fluid 
pathway which barrier allows any uncomplexed sample 
and/or reagent to flaw therethrough; 
subsequently · breaking down the complex into a 
detectable moiety which can flow through the barrier, 
for example the reagentJ 
detecting the presence of any detectable moiety 
released in step d) downstream of the barrier. 

~he 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 previ.oual.y 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 
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 plurality of incubation loops, each loop being 
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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. '?his 
allows a particularly compact way of processing several 

5 samples at the same time, yet as there are no assay cells, 
the apparatus remains compact. Preferably, the loop-valve 
means camprises a single valve arranged to allow at moat 
one selected incubation loop to form part of the fluid 
pathway at any given time. !'his 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 fluid pathway 
dawn.stream 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. t.rhe 
multiple pathways may extend from any point after the 

25 incubation loops. '?his 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 pref erred embodiment of the invention will now be 
described with reference to the accompanying drawings in 
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which: 
Fi9. 1: shows a schematic representation of an assay 

apparatus accordinq to the present 
invention; 

5 Fig. 2: shows a detector for use in the apparatus of 
Piq. l; 

Fig. 3: depicts the overall construction of the 
apparatus of Pig. 1. 

10 Figure 1 shews a flow injection imnmncasaay analyser 
aa 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 stream. 

15 These materials can then be brought into contact with one 
another or with other materia1s·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 direct~y 

analoqous 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 buff er 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 
mixinq it with reagents from a reaqent cartridge 15. 

The sample processor unit 14 has the capacity to hold 
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approximately 100 samples and a normal variety of tube 
sizes. The unit 14 is capable of carrying out accurate and· 
precise pipetting to generate a sample dilution 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 aJ:m (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 1lJ1it 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 
Dlicrotiter plates and the bar codes are read by the on 

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

The flow system of the instrument consists of 
transmission tubing 10 · made from chemically and 

25 biologically inert material such as commercially available 
nylon or PEEK with an inner diameter of typically o.amm, 
although this may change to suit the circumatances. The 
pumping system (not shown) consists of several low pressure 
pumps, most likely peristaltic pumps which may be af 

30 differing size, sophistication and perfoJ::JDance 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 
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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 controiled 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 aim.pl.a in design needing only to switch the liquid 
flow between one of two channels or limited number of 

15 channels. The valves D111St have chemically and biol.ogically 
inert surfaces ~here they come into contact with the liquid 
tttream. 

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 1ikely that the beads will be made of 

a cellulose materia1 with low non-specific binding 
properties although other suitable materials may be 
preferred. The surf ace of these beads is coated, probably 
through covalent conjugation, al though 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 sophisti~ated assay format, it is 

i: 
'' 
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possible to coat two or more liqand binders with different 
specificity 1 s onto the bead surface and this 8.1.J.ows for 
mul tianalyte determination from the same sample. 1'he 
second reagent is a labelled material which may be an 

5 analogue 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 liposomea, enzymes and 
chemiluminescent materials are also possible. 

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 into one of the incubation loops 19. The access 
to the incubation loops 19 ia controlled by valve means 20. 
'rhe loop 19 is made from a fixed length of transmission 

20 tubing of an appropriate internal diameter, 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 ta form a coldplex which is 

25 bound to a microbead. '.?he complex bound ta the microbead 
mast include a detectable moiety. A~er a qiven time the 
computer switches the aliquot of mixture back into the main 
stream and it is carried down ta 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 chemical.ly 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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through to the flow cell. The pore structure of the 
membrane is governed by the size of the micro bead.a, 
however it is important that the membrane has a low non­
specific binding of excess reagents and that substantially 

5 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 

10 switched in synchronisation to divert the main buff er flow 
from the barrier 22 whilst introducing an elution buffer 
from vessel 24 to flow through the barrier -~2. The turning 
of the switch can be gauged from monitoring the unbound 
reagent flowing through the flow cell 27 to waste. This 

15 releases the label (detectable moiety) from the microbead 
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 

20 volume unlikely to exceed 200µ1 and which is normal.l.y 
illuminated by a light source and monitored by a detector 
30 aa 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 

25 removes the beads to waste through val.ve 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 

30 path of mirrors and beam splitters 38 to 42, identical 
duplicate flow cells 27 and a sinqle detector 35 which will 
most probably be a red sensitive photomultiplier tube but 
could also be a silicon photodiode or other detector. The 
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choice of lasers will be very much dependent 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 fluorophores is rapid and 
the final choice for these components cannot be made now. 
However it is likely that the lasers should have at laaat 
a l milliwatt output and ·operate above 550nm, whilst the 
fluorophores should be water soluble, stable in solution, 

10 unaffected by pB 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 mnlti-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. In this way specific measurements can 
be made in mixtures of f luorophores 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. 
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The system operates in random access mode hut has the 
in-built capacity for . immediate analysis of emergency 
samples, which are placed in separate rack on the 
autosampler. The timing and scheduling of operations are 

5 precisely controlled by the software which is icon driven, 
intuitive to use 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 c:lilution and sample 
re-analysis. The inatrmnant and software are fully 
configured for operation within a ·Laboratory Information 
Management System. (LIMS) environment, including quality 

15 control monitoring of assay co~trols and reagent cartridge 
perfoJ:mance. 

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. ~he 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. Bach 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 2 9. This greatly increases the number of 
samples which can be analysed in a qi ven time period. This 

! • 
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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 
5 the increased capacity is provided at little extra cost. 

Of course, the detector 30 can be used in other 
assay/analysis systems where its advantages can also be 
utilised. ~urtharmore, other types of detectors could be 

10 used other than lasers that still operate with the 
advantageous single detector and/ or source but ha~e several 
flow cells for detection of the detectable :mOiety. · 
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1. An assay apparatus for detecting a product in a 
sample, comprising a fluid pathway with an input for the 

S sample and an input for a reagent with a detectable moiety 
which transports the sample to a detecting means via a 
barrier arranged to prevent · a product-reagent compl.ex 
passage but allow passage to the reagent and the sample, 
where the complex is formed through interaction of the 

10 

15 

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. 

2. The apparatus according to claim 1, wherein the inputs 
are arranged to input a aeries of spaced •Part aliquots 
containing a sample and respective reagents into the fluid 
pathway, the apparatus further including a plurality of 

20 incubation loops, each loop being individually isolatable 
fram the fluid pathway by loop-valve means, wherein each 
aliquot in the fluid pathway is directed into a selected 
loop for a known period. 

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

30 4 • The assay apparatus according to any one of claims l 
to 3, wherein a detection pathway forms the fluid pathway 
downstream of the barrier, the detection pathway includinq 
waste-valve means arranged to direct fluid in the detection 

; .. ~ .... 
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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 JDeans arranged to 
direct each respective aliquot into a respective selected 
one 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. 

15 

20 

7. 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 fluid pathwayr 

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 
sample1 

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

25 d) subsequently breaking dawn the complex into a 
detectable moiety which can flow through the barrier, 

30 

for example the reagent; 
., detecting the presence of any detectable moiety 

released in step d) downstream of the barrier. 

8. The method according to claim 7, wherein steps a) to 
e) are repeated for a series of separated aliquots flowing 
down the pathway, wherein in step b} each respective 
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aliquot is directed into an incubation loop where the 
al.iquot 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. 

9. The method according to claim B, where in step c) the 
complex is held until the rest of the aliquot has £lowed 
past the barrier and waste-valve means directs said rest to 
waste outlet, and than the waste-valve means switches to 

10 direct the detectable moiety released in step d) to tha 
detector means. 

10. ~he 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 he: 
unused, undergoing a wash cycleJ or analysing a different 
aliquot, when the respective one detection pathway is in 

20 

25 

1188. 

11. An assay 
reference to, 
drawings. 

apparatus as hereinbefore described with 
and as illustrated by, the accompanying 

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

30 13. A detector apparatus as hereinbef ore described with 
reference to, and as illustrated by, the accompanying 
drawings. 


