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ABSTRACT

The apparatus comprises a first zone contain-
ing a first receptor which specifically binds to the
analyte and a sample application point: a second zone
containing a solid phase bound receptor which specifi-
cally binds to the first receptor but not the analyte,
the first and second zone being in at least partial
fluid contact. There is a third zone containing a
third receptor which specifically binds to the analyte
and which carries a label. The third zone is separated
from the first zone to prevent fluid contact there-—
between. A fluid application device is in contact with
at least the third zone. The method comprises sequen-
tially contacting the sample with a first receptor
which specifically binds the analyte under conditions
favoring formation of a complex between the first recep-
tor and the analyte in the solution, contacting the
complex containing solution with a solid phase bound
second receptor which specifically binds to the first
receptor under conditions favoring binding of the
complex to the solid phase, displacing the liguid
sample from the solid phase with a displacing solution,
and contacting the solid phase bound complex with a
third labelled receptor which binds to the analyte
but not to the first or second receptor to bind the
third receptor thereto, and determining the lavel in
either bound or unbound to the complex as an indication

of analyte in the sample.
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APPARATUS AND METHOD FOR SEQUENTIAL
DETERMINATION OF AN ANALYTE IN A
FLULID SAMPLE

FIELD OF THE INVENTION

This invention relates to an apparatus useful in
determining an analyte in a fluid sample. It also relates
to a method for determining an analyte in a sample, using
a four mamber, or "guaternary" complex lnvolving the
analvte, a whole monoclonal antibody which binds to said
analvte, a labeled monoclonal antibody Fab fragment which
also binds to the analyte, where both of these are
obtained from the same animal specles, and a solid phase
bound antibody which may or may not be monoclonal, which
binds to the Fc portion of a monoclonal antibody but not
to i1ts Fab portien.

BACKGROUND AND PRIOR ART

The formation of sandwiches of antigen and antlbody
and their use in immuncassays has been ln use for ovex

fifteen years. The art has seen two distinct trends in
rhe field. The earllest trend was toward the formation of

ternary complexes, l.e,, complexes of the form -
AblmAgwhbz*, where Ab,* carries some label. The later
trend is to multiple component systems, usually
quaternary, but sometimes involving five or more
components. The prior art discussion maintaina this
distinction,

I. Ternary Complex Formation

The patent literature contains many examples of
inventiong in this area. An early example of such an
aseay may be found in Schuurs, et al., UvU.S. Patent No.
3,654,090 (1872), which is useful not only as historical
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background, but for an understanding of some o0f the key
facets of this field,

Schuurs, et al. teaches detection of an antigen using
a golid phase bound antibody against one epltope, or
binding site, of the antigen, as well as a soluble, enzyme
labeled antibody which binds with a second portion of the
antigen. The method disclosed in Schuurs, et al., involves
determination of the enzyme label after the sandwilch
between bound antibody, antigen, and labeled antibody
forms. This is accomplished either in the solid phase, or
in the liquid phase, by addition of a substrate for the
enzyme label. Usually, the enzyme-substrate reaction
produces a color or change in colorx, which can pe
raecognized in "yes-no" tests, or quantitated where the
amount of subsptance presant is to be determined.

Absgent from Schuurs, et al. is any discussion of
nmonoalonal antibodies or antibody fragments and this is
not surprising since Schuurs, et al. was filed 1in 1968,
and lssued in 1972, i.e., much earlier than the
breakthroughs in hybridoma technolegy which occurrad

following the developmant of the K8hler-Milstein method
for producing monoclonal antibodies.

Schuurs, et al. received another patent in 1974, U.S.
Patent No. 3,791,932, again directed to sandwich assays.
This patent describes a so=called "forward" sandwich
immunoassay. This type of assay calls for a specific
order of steps, i.e., the sample being tested is first
contactad with the insoluble binding partner and the
reaction between these two is allowed to proceed to

completion. The solid phase complexes are removed from
the solution, and the second binding partner, containing
an enzyme label, is then added to the so0lid phase.
Following binding to the complex, the enzyme level is
determined, following the standard technigques referred to,
supra. Again, there is no mention of monoclonal
antibodies or antibody fragments.,
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Ling, in U.8. Patent No, 3,867,517 (1975), taught
that enzymes were not the only label which could be used
in sandwich assays. This patent describes a forward

sandwich assay using as the label a radioactive antibody.

125I

The radloactive label was , a standard radioisctope.

Radiolabelling of antibodies is a gtandard technigue, but
assumes the presence of the proper amino acids in the
antibody molecule for binding of the radicactive iodine.
Otherwise, the label does not hold.

Schuurs, et al., received yet another patent in 1977,

U.S. Patent No. 4,016,043, This patent claims to teach a
simplex version of rudimentary sandwich assays., It

teaches using an insoluble component of an

antigen-antibody reaction and a labeled sample of the same
componant, This method assumes that the antigen being
detected has two identical epitoplic sltes., Further, the
uge of two identical recaptors precludes the use of
"simultanaeous" assaye, which are discussed infra. The
consequencas of this 1s that the Schuurs '043 assay can
take as long as 60 hours to complete. In the clinical orx
dlagnostic laboratory, the large amount of time requires
is unacceptabla,

Piasio, et al., U.,8, Patent No. 4,098,876 (1978)
taught a "reverse" sandwich assay. This patent is

important because it showed, first, that the component
being determined could be bound to the soluble, laheled
antibody first, and the immobilized antibody second. It
was also an improvement in that a washing step was
eliminated, which meant that time wasg saved in performing
the assay. Piaslo; et al. teach that their assay could,
ideally, be completed in under one~half hour, This
paradigmatic system was not realized in their examples,
but the time was substantially less than the 60 hours for
Schuurs, et al., dlscussed supra. A significant drawback
of the method is that it regquires enormous amounts of
immobilized antibody.



10

20

30

2004878

- 4 e

Nigwender, U.S. Patent No. 4,048,298 (1977), 1=
actually not a sandwich assgay, but ghowag an invention
where an immobilized antibody was usad to bind another
antibody. Thig patent teaches an interesting variation on
o0lder competitive immunoassays. Niswender contacts a
solid phase bound antibody with the sample being assayed
as well as a second, radiolabeled antibody which binds to
the first, but not to the component belng determined. The
effect of this is to allow the investigator to determine
substance present by determining how much radiolabeled
antibody binds to the solid phase,

This patent shows that antibodies can bind to other
antibodies rather than just antigens. This property is

important in more recent assays, some of which are
discussed infra.

Schwarzberg, U.S. Patent No. 4,235,689 (1980)
racognized that antibodies possasgss two distinct porxtlons,
the Fc portion, or "constant" region, and the Fab portion,
which is the part of the antibody which binds to an
epitopic site. Schwarzberg prepared complexes of labeled

Fab fragments bound to a ligand, such as a polypeptide,
This complax is then used in so~galled “competitive"
assays, No solid phase binding, or sandwich assays, are
described.

Jeong, et al., U.S. Patent No. 4,244,940 (1981)
teaches a "gimultaneous" sandwich immuncoassay. Such an

aggay requires an antigen with different epiltopic sites,
because two different antibodies or receptors must be
used, for the reasons elaborated upon supra.

With Jeong, et al.,, it will be seen that by 1981 the
state of the art in this field did teach forward, reverse,
and simultancous assay, always with ternary complexes
(L.e., complexes of three specles) being formed. The art
had begqun to see the use of Fab fragments as "linker"
molecules (Schwarzberg), but they had not been used as an
essential part of an immunoassay sysgtem, nox had
monoclonal antibodies been used.
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Both of these ldeas were taught in patents which
issued in 1983, David, et al., U.8. Pataent No. 4,376,110
(1983), ovarcame a prejudice in the art that monoclonal
antibodies were not “"sticky" enough, iLl.e., possessed
insufficient affinity for use 1in sandwich assays. David,
et al., taught that all three forms of ternary sandwich
agssays could be performed with monoclonal antibodies, as
long as they both had affinities of at least 108
liters/mole. Moussebois, et al., in U.5. Patent No.
4,397,060 (1983), taught an agglutination assay could be
parformed uging Fab fragments bound to a solid support.
This patent shows, yet again, that Fab fragments were not
baing considered as partners of immunocassays, even though
monoclonal antibodies themselves were now being used,

Gallati, et al., U.S. Patent No, 4,467,031 (1984)
taught a specific sandwich assay, for determination of

carcincembryonic antigen (CEA). The key feature of this
invention was the use of different salt concentrations to
improve complex formation. It is a “forward" sandwich
assay, ag the term is defined herein, and discusses the
possibility of two monoclonal antibodies being used in the

assay. It will be seen that this, too, isa a ternary
complex, and that an Fab fragment is not being used.

Woods, et al,, U,S. Patent No, 4,469,787 (1984)
teaches a gandwich agsay which requiresg the binding of a

label to the Fc portion of a second antibody. The label
ig not directly attached to the gecond antibody, rather,
Woods et al, assert invention in that the label is bound
to the Fe portion of the antibody after the ternary
complex is formed. This is done so as to prevent
interference between the label and the immobilized first
antibody.

U.S5. Patent No. 4,486,530 (1984), which issued to
David, et al., and is a continuation in part of U.S.
Patent No. 4,376,110, discussed supra, again teaches
ternary monoclonal antibody sandwiches and thelr
detection, This patent adds to the art by showing that
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sandwich assays can be performed- in homogengous phase,
i.e,, without phase separation, This is performed by
labeling the monoclonal antibody components of the terxnary
complexes with labels which do not react unless brought
together by the “"glue" of a multiepitopic antigen.

Carro, et al., U.8, Patent No, 4£522}922 (1985)
combine sandwich assays with an older form of immuncassay,
the so~called "precipitation' tesgt, This invention
taaches Fformation of a ternary sandwich, followed by
addition of a precipitating agent to precipitate the
complex out of solution. This is a radloimmunoassay,
which employs polyclonal antisera,

The most racent patents in the field show
modifications on the basic sandwich principle. Petska, 1in
U.S. Patent No. 4,623,621 (1986), teaches that an
oligomeric protein can be measured by using a solld phase
bound monoclonal antibody which 1s specific for an epitope
present once on the repeating protein porxtion of the
molecula, After solid phase binding, a second sample of
the same monoclonal antibody, only labeled, is bound,
Again, a ternary complex is formed, only with whole
antibodies, and simultaneous assaying is not possible.

II. Multiple Member Complex Formation

The earliest example of a quaternary system is
exhibited by U.8. Patent No. 4,343 896, which issued to
Wolters, at al. This patent which is based On a
disclosure filed in 1976, teaches the solid phase bound
complex Abl—Abz—Ag~Ab3*. A crucial limitation in the
Wolters patent is that Ab, and Aba* come from different
animal species. The reason for this is because Abl has to
be directed against the constant region, i.e., "Fc'
portion of Ab,. All antibodies of a particular
immunological ¢lass which come from the same animal
species will have identical Fc portions. If Abz and Ab3

were from the same animal species, the art taught that not
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only would AblmAbz—Ag—AbS* but one one yauld also obtain
Abl—AbB*, both of which would bind to the solid phase,
¢auging interference and incorrect results.

Axen, et al.,, U,8, Patent No. 4,469,796 (1984)
teaches that more than three components may be involved in
an immune reaction, but the only four part complex taught
i a s0lid phase bound complex of AguAblwAbzwAbB*. It 1is
noteworthy that 1ln the description of reactants given at

column 1, lines 41-60, Axen, et al. never mentions Fab
fragments.

Tanswell, et al., U.S, Patent No. 4,624,930 (1986)
teaches four component complexes wherein a first and third
receptor in solution bind to the antigen while a second
80lid phase antibody binds t0 the first antibody.
Tanswell's teaching is generic to the use of a double
antibody system and it does not specifically disclose
monoclonal antibodles.

Forrest, et al., U.S, Patent No, 4,659,678 (1987)
goes beyond the four part binding discussed supra, and

actually forms a pentavalent complex of antibody-hapten-
antibody~antigen~antibody. The tail end of the complex ls

a radloactively labelad antibody. At least one antibody
must be a monoclonal antibody.

Forrest, et al, detail at some length the advantages
and disadvantages of multi=-member complex forming assays.
The solutlion to the problems set forth at, e.dg., column 2,
lines 1-5, is to use a solid phase bound mdb, to bind a
complex of Ab~Ag-Fab®*. The only time a solid phase bound
mAb is used to bind the complex mAbz-Ag-Fab*, howaver,
Forrest requires that the mAb2 be bound to another
antigen, so that the solid phase complex
mAbl-AgzwmAb2-Agl~Fab* is formed, It must be understood
in this context, however, that "Agz" actually stands for a

linking agent, as mAb2 cannot posasess binding sites for
two different Ags.



10

20

30

~00AR7H

In U.8, Serial No. 146,574, filed Januwary 21, 1988
and assigned to the assignees of thils application, a
device and method are deg¢ribed involving gquaternary
immunoassays. The device is adapted for using the method,
which involves contacting an analyte with a pair of
receptors, specifically a labeled monoclonal antibedy or

labeled fragment (e.g., a Fab or Fab' fragment), a second
non~labeled monoclonal antibody, and a s0lid phase bound

receptor, which may be an antibody. The two non=solid
phase bound antibodies are from the same animal species.
These components are combined to form & quaternary
"sandwich" structure,

Quaternary structures provide increased sensitivity;
however, there is problem present in the gquatexnary assay,

and ¢his disclosure 18 directed to solution of that
problem,

In performing immunoassays one generally works with
body fluid samples, such as blood or urine. These are not
ideal systeme for immunological analysle, as they contain
native substancas which interfaere with the desired binding
between the analye and tha labeled raceptor or
"conjugate". 8ea, in this regard, Boscato, et al., Clin,
Chem. 34(11): 27=-33 (1988); BEuropean Patent Specification
83 869. This interference results in skewed, and false

regults in dlagnosis, pregnancy determination, etc.

Prior art devices available for performing immuno-
assays do not address this problem. These devices are
configured so that the labeled receptor i1s introduced to
the medium containing the analyte to be determined while
the interfering substances are still present.

It is an object of the invention to provide an
apparatus useful in performing assays where the problem of
interference from substances native to the sample being
analyzed i1s eliminated.
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It 1s a further object of the invention to provide a
method for carrying out diagnostic assays of the type
described herein, wlthout interference by native
substances.

How these and other objects of the invention are

accomplished will be determined from the disclosure which

follows.

In accordance with one aspect of the invention there
1s provided apparatus useful for determining an analyte
1n a sample, comprising: (1) a first zone containing an
unlabelled first receptor which is soluble in a liquid
sample and which specifically binds to the analyte to be
determined; (11) a second zone containing an immobilized
second receptor which binds to complexes of the analyte

to be determined and the unlabelled first receptor via

sald unlabelled first receptor, wherein a first portion
of said second zone is in contact with said first zone so
as to permit flow of liquid and complexes of analyte and
unlabelled first receptor from said first zone into said
second zone; (11i) a third zone containing a labelled
third receptor which binds to the analyte but not the
unlabelled first receptor, wherein a first portion of
sald third zone 1is 1in contact with a second portion of
salid second zone to permit flow of liquid from said third
zone 1nto the second zone and binding of 1labelled

receptor to the analyte component of 1mmobilized

complexes of analyte and labelled receptor, (1v) a fluid

application means positioned at a first end of said
apparatus, whereln sald fluid application means does not
contaln a receptor, is in contact with a second, separate

portion of said third zone and does not contact said
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second zone, (V) a waste zone positioned at a second end

of saild apparatus and opposite said fluid application

means, whereiln said waste zone 1is 1in contact with said

P

second zone to permit flow of liquid from said zone into

sald waste zone, and (vi) with the proviso that said

first zone and said third zone are not 1in contact with
each other and wherein said analyte to be determined
reacts with said unlabelled first receptor in said first
zone to form a complex of analyte and unlabelled first
receptor which flows into said second zone, wherein said
lmmobllized second receptor bind to said complex of

analyte and unlabelled first receptor via said first

receptor, said labelled third receptor is dissolved from
said third =zone upon contact with a fluid which flows
through said fluid application means and into said third
zone, sald labelled third receptor flowing into said

second zone to bind to said complex of analyte and

unlabelled receptor via said analyte, and liquid flows
into said waste zone.

In accordance with another aspect of the invention
there 1s provided method for determining an analyte in a
liquid sample comprising: sequentially contacting said
sample with a first receptor which specifically binds
sald analyte under conditions favoring formation of a
complex between said first receptor and said analyte in
sald solution, contacting sald complex containing

solution with a solid phase bound second receptor which

specifically bilnds to sald first receptor under

conditions favoring binding of said complex to said solid

phase, displacing said liquid sample from said solid

phase with a displacing solution, contacting said solid
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phase bound complex with a third labelled receptor which
binds to said analyte but not to said first or second
receptor to bind said third receptor thereto, and
determining saild label either bound or unbound to said

complex as an 1ndication of analyte in said sample.

BRIEF DESCRIPTION OF THE FIGURES

Figure 1 shows one embodiment of a device in
accordance with this invention.
Figure 2 shows a second embodiment of a device in

accordance with this invention.

DETAILED DESCRIPTION OF PREFERRED EMBODIMENTS

The device of this invention is an apparatus which

1s adapted for determining an analyte in a sample with

the elimination of interference by other components of
the sample. The device 1is specifically adapted for use
1n quaternary sandwich immunoassays.

Reference to the figures will be  helpful 1in
understanding both the device and the method of this
invention. Referring to Figure 1, the device includes a
support 1, which 1s inert, and which serves basically to
contain the other features of the apparatus. A first
zone 2 1s provided, which may also be described as the

grire-

"first wick" of the invention. This first zone 2 1is

adapted for reception of the sample. This first zone 2
contains a first receptor, such as an antibody, or a
plotinylated antibody, which specifically binds to the

analyte being determined. This first receptor is not

solid phase bound, and is removable from the first zone 2
when sample 1s added. It will be referred to as the

"capture" receptor.
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The first zone 2 is in at least partial £luid contact
with a second zone 3, which doeg contain a solid phase
bound reg¢eptor, or "matrix" receptor. This solid phase
bound receptor may be any of a number of substances, such
as an antibody, protein A, an avidin/streptavidin system

and so forth, This receptor must, however, bind to the
capture receptor of the first zone.

The davice also includes a third zone 4, and it is
this third zone 4 which defines the invention. Third zone
4 contains the conjugate receptor, such as a labeled
antibody or antibody fragment. It is positioned relative
to the first zone 2 so that when sample is applied to the
first zonae, the sample does not contact the third zone 4,
Thus, first zone 2 and third zone 4 are separated by a
liguid impermeable barrier 5, which prevents the conjugate
of third zone 4 from diffusing into the first zone, The

apparatus shows a ligquid application means 6, which is in
partial fluld contact with the third zone 4. Fluid

application means 6 is shown to be separate from first
zone 2, although this is not essential. This liquld
application means 6 permlts application of a liguid which
does dislodge the conjugate, since the sample does not,

When an assay 1s being performed, a sample liguid to
be analyzed 1s added to first zone 2. Any capture
recaeptor which binds to the analyte to be determined will
complex to the analyte, forming a receptor-analyte complex
which 18 contained in the liquid, Ligquids, by their
nature, flow, so the complex containing liquid will
continue to move through the apparatus.

The liquid then moves into the second zone 3, which
contains the matrix receptor., This receptor bindsgs to the
capture raceptor previously introduced in the first zone,
and immobilizes both complexes and uncomplexed first
receptor.

In prior art devices, by this point the labelled
conjugate has been introduced. Either the labelled
conjugate is introduced in the first zone, or in the so0lid
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rhase zone. 1In both cases; the coniugate is introduced

whnile the sample liguild together with its native,
interfering substance, 1s present,

In the inventive device, however, such 1l& not the
case, The impermeable barrier 5 precludeg contact of the
gsample with third zone "4", which contains the conjugate.
Thus, the sample reaches the matrix without the conjugate,
and solld phasa complexing occurs,

Introduction of the conjugate then takes place, via
one of several alternative schema. It is one option, for
example, to introduce to samnple application zone 2 a
"wash", such as a buffer, distilled water, or a running
solution, This wash takes the same path as does the
sample, but its normal flowability, and its relative
inertness result in the sample ligquid being dislodged from
the matrix, without any interference with the so0lid phase

bound components. Once this is accompllished, one may,
e.g., introduce a solution to liquid application means 6.
This liguid seclution enters third zone 4, and carries the

conjugate into second zone 3, where it binds with the
analyte, without any interference from the native

substances, which, of course have now been removed,
While the wash solution is an option, it 1s not the

only way to accomplish the removal of the sample solution.
If one omits the washing step, it has been found that the
front of the conjugate containing solution will also
"push" the liguid sample being assayed through the device
before the conjugate arrives in the gecond zone, Thus,
while it is important to get the liguid sample further
down the device, there are several ways to do this.

Once the conjugate has contacted the second zone 3
and flowed therefrom, measurement of the label in the
conjugate is regquired. Measurement is possible via many
different processes. Various labels are known which, de

facto, produce a detectable signal. Examples of these

include metallic particles, such as gold, or materials
which, without further interaction, give o0ff a detectable
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signal, such as fluorescent, radiocactive, or chemiluscent
materlals.

Also envisioned as labels are those materials which
react with others to produce the signal, be 1t
colorimetric, fluorescent, and so forth. One exemplary
type of label system well known 1in the art 1s the
"enzyme-substrate" system. In these systems the label
l1s, €.g., an enzyme which reacts with a substrate. The
reaction produces a product with a distinct color, change
1ln color, or some other observable property.

When the label 1s one which inherently produces a

signal, 1t 1s of course unnecessary to provide a means

for 1ntroducing a reactant, such as a substrate, to the
label. Thus the following discussion relates to these
systems where a label 1s used which requires a reactant
to produce a signal. None of the specifically disclosed
empbodiments are necessary in the device, but they
exemplify various ways to bring the label and reactant
together.

Figure 1 shows an option where there is provided a
feature 8 which contains a reactant or substrate apart
from the matrix 3, while Figure 2 shows a configuration

where the reactant or substrate and matrix are "merged".
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The apparatus does not, however, need a substrate
diffusion zone, as substrate may be added after the
complexing reactions have taken place in their entirety.
Supstrate application may take place, e.g., by pressing
down a structure containing the substrate onto the second
zone, or by applying it to the first zone in the liquid
application means after complexing has taken place, using

a device such as the one described in, e.g., U.S. Patent

No. 4,005,023, Figures 1-4.

The materials used to construct the device of this

invention may include many different substances. The

zones should be liquid absorptive and possess good

capillarity. Examples of materials which may be used

include bibulous paper, nitrocellulose paper, sponges,

polymeric films, etc. Both fibrous and non-fibrous

materials can be used.

As has been alluded to, supra, the various receptors

may be a number of materials. In one embodiment the
conjugate 1s a Fab or Fab' fragment of a monoclonal
antibody carrying an enzyme label, and the capture
receptor 1s a second whole monoclonal antibody derived
from the same species as the conjugate example. Other
possible receptors include polyclonal antibodies. The
matrix receptor, or solid-phase bound receptor 1is
immobilized via any of the stand means of doing so, such

as by cyanogen bromide fixation. The 1mmobilized

receptor 1s preferably an antibody which binds to the Fc

portion of the capture antibody, but can be another

substance as well, such as protein A, or biotin when the

capture antibody has an avidin molecule attached thereto.
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Review of this discussion will show that the invention

also provides a method for determining an analyte,
involving contacting the analyte to a first receptor with
formation of complexes therebetween followed by

contacting the complexes with a second, solid phase bound

receptor. This 1s followed by binding the third
receptor, the conjugate, to the solid phase bound
complex. Determining bound or unbound conjugate permits

one to assay for the analyte.

DETAILED DESCRIPTION OF PREFERRED EMBODIMENTS

Experiments were performed comparing the apparatus
and method of the 1invention described herein to the

apparatus and method described in U.S. Patent 4,891, 313.

F

Two devices were prepared 1in which most of the

components were 1dentical. Specifically, the 1liguid
application means "6" for both devices was a piece of
viscose sponge cloth (Kalle, Wiesbaden), cut to 3.0 cm x
0.6 cm. Second zone 3 was constructed from a piece of
3512 paper (Schleicher & Schull); which was activated
using cyanogen bromide. Sheep anti-mouse Fc antibodies
were coupled to the paper, and it was cut to 1.2 cm x 0.6
cm. Barrier foil 5 was a 1.0 cm x 0.6 cm piece of
double-sided adhesive tape (3m). Waste zone 7 was

_

constructed from a 5. cm x 0.6 cm piece of D-28 paper

(Whatman - Trade-mark).
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The device differed, however, in the construction of

first zone 2 and the material impregnated in the third

zone 4. Specifically, wusing the invention described

p—

herein, the first zone 2 was a piece of 4210 paper

(Kalff) cut to 1.6 cm x 0.6 cm, which had impregnated

F

therein 10 wul of a solution of 1 wug of monoclonal

antibody to hCG in 0.3% Tween 20 (Trade-mark, a phosphate

puffered saline, pH 7.2). The device of U.S. patent
4,891,313 was impregnated, in contrast to the invention,
with a 10 wul solution containing 1 ug of the same

monoclonal antibody, but also 0.2U0 of a conjugate of a

Fab fragment of a second monoclonal antibody to hCG

conjugated to beta galactosidase, and 0.1% bovine serum

ga—
p—

albumin. In the invention, the third zone was a piece of

4210 paper cut to 2.5 cm x 0.6 cm. A first solution was

impregnated on one portion of the second zone, and

contained 10 ul of 10% polyvinyl alcohol (Mowiol 4-88,

Trade-mark of Hoechst), and 0.4 mg of the Dbeta
galactosidase substrate methoxy naphthol galactoside (1:1
mix of DMSO and water). Adjacent to the portion of the
zone 1mpregnated with the substrate a second solution (10
ul) was 1mpregnated which contained 0.3 U of a conjugate
of an Fab portion of monoclonal antibody to hCG
conjugated to beta galactosidase, and 20 ug of phenyl-
ethyl-thio-galactoside, 1n a solution of PBS/BSA/Tween
(Trade-mark) . The second Ggalactoside 1s a Dbeta
galactosidase inhibitor.

It 1s 1mportant to note that, in the invention the

two solutlon listed supra are impregnated in the second

zone such that, when dried, they are adjacent to each

other but do not touch.
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In the device of U.S. patent 4,891,313, the second
zone was the same size as 1n the invention, but was

impregnated only with the 4-methoxy-naphthol galactoside

solution referred to supra.

To summarize, then, the difference in the device can

be summarized by the following Table:

TABLE
Invention Prior Art
First Zone contains one anti- contains two
body anti-bodies, one
labelled, and an
inhibitor
Second Zone Filrst portion: contains only
substrate label substrate

Second portion:
second antibody
and 1nhibitor
Portions not con-
tacting each other

A aman s o o oo AP v—sihiher S A A

The devices were then assembled onto a white
polyester backing sheet using double sided adhesives.
Construction of the components into test strips followed
standard techniques well known in the art, and for that
reason detalls are not given here.

Assays were then run on both sets of strips, using a

control system containing 0 mIU/ml of hCG, and one

containing 250 mIU/ml. Additionally a running solution
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was prepared containing 50 mmol/l1 sodium phospatea; 0.03%
Tween 20; 150 mmol/1l NaCl; 2 mmol/l NaBQ, (sodium
perborate, a peroxidage substrate); and 10 U/ml
horseradish paroxidase. |

In paerformning the assays, 150 ul of the sample was
applied to the first zone, followed by application of 850
wl of . running solution to application point 6, Colox
development was then observed in the third zone. The
expected color is a dark blue, produced by reaction of the
enzyme substrate and the beta galactosidasge,

The results of the assays were evaluated using a
MacBeth Reflectance Spectrometer, and the AE value for

the test areas relative to a plain white paper strip are
recorded.

Prior Art Invention
hCG concentration
10
0 mIU/ml 10
250 mIU/ml 20 30

In these units, a dlfference of 1.0 is sanely
discernabla, a difference of 2,0 clearly discernable,

The difference in values, especially for the sample
containing 250 mIU/ml, shows how affective the device and
method described herein is in eliminating interference in
the assay. The slgnal generated in response to analyte 1is
much clearer, stronger, and more acgcurate.

It will be understood that the specification and
exanples are illustrative but not limitative of the
presaent invention and that our embodiments within the
gspirit and scope of the invention will suggest themselves
to thoge skilled in the art.
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CLAIMS
1. Apparatus useful 1in determining an analyte in a
sample, comprising:
(1) a first zone containing an unlabelled first

receptor which 1s soluble in a liquid sample and which
specifically binds to the analyte to be determined;

(11) A second zone containing an immobilized second
receptor which binds to complexes of the analyte to be

determined and the wunlabelled first receptor via said

unlabelled first receptor, wherein a first portion of
sald second zone 1s 1n contact with said first zone so as

to permit flow of liquid and complexes of analyte and

unlabelled first receptor from said first zone into said

second zone,

(111)a third zone <containing a labelled third
receptor which Dbinds to the analyte but not the
unlabelled first receptor, wherein a first portion of
sald third zone 1is in contact with a second portion of
sald second zone to permit flow of ligquid from said third
zone 1into the second zone and binding of labelled
receptor to the analyte component of immopilized
complexes of analyte and labelled receptor,

(1v) a fluid application means positioned at a first
end of sald apparatus, wherein said fluid application
means does not contain a receptor, 1is in contact with a

P

second, separate portion of said third zone and does not

contact said second zone,
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(v) a waste zone positioned at a second end of said

apparatus and opposite saild fluid application means,
wherein said waste zone 1s 1n contact with said second
zone to permit flow of liquid from said second zone into
sald waste zone, and

(vi) with the proviso that said first zone and said
third zone are not in contact with each other and wherein

sald analyte to be determined reacts with said unlabelled

first receptor in said first zone to form a complex of

analyte and unlabelled first receptor which flows into

sald second zone, wherein sald 1mmobilized second

receptor bind to said complex of analyte and unlabelled
first receptor via said first receptor, said labelled
third receptor 1s dissolved from said third zone upon
contact with a fluid which flows through said fluid
application means and 1nto said.third zone, sald labelled
third receptor flowing into said second zone to bind to
sald complex of analyte and unlabelled receptor via said

analyte, and liquid flows into said waste zone.

2. Apparatus of «c¢laim 1, further comprising a
substrate application =zone, said substrate application
zone being 1n at least partial fluid contact with said

second and third zones.

’

3. Apparatus of claim 1 or 2, wherein said fluid

application means 1s in fluid contact with said first and

third zones.




CA 02004878 1999-11-30

_19_

4. Apparatus of claim 2, wherein said substrate

application zone 1s 1n partial fluid contact with said

second zone.

5. Apparatus of claim 1, wherein said apparatus
comprilses a substrate application zone positioned in said
apparatus 1n a flap means permitting contact between said

substrate application zone and said second zone.

6. Method for determining an analyte in a liquid
sample comprising:

sequentially contacting said sample with a first
receptor which specifically binds said analyte wunder

F

conditions favoring formation of a complex between said

first receptor and said analyte in said solution,
contacting said complex containing solution with a

solid phase bound second receptor which specifically

binds to said first receptor under conditions favoring
binding of said complex to said solid phase,

displacing said liquid sample from said solid phase
with a displacing solution,

contacting said solid phase bound complex with a

third labelled receptor which binds to said analyte but

not to said first or second receptor to bind said third
receptor thereto, and
determining said label either bound or unbound to

sald complex as an indication of analyte in said sample.

7. ' Method of claim 6, wherein said displacing

solution contains said third receptor.
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8 . Method of <claim 6, wherein said displacing

solution 1s a wash solution.

9. Method of claim 6, wherein at least one of said

flrst, second and third receptors is an antibody.

10. Method of claim 6, wherein said second receptor

1s protein A.

11. Method of claim 6, wherein said second receptor
1s avidin/streptavidin and said first receptor is
biotinylated.

12. Method of claim 6, wherein said second receptor

1s an antibody.

13. Method of claim 6, wherein said third receptor

1s a Fab or F(ab'), fragment.

14 . Method of claim 9, wherein said antibody is
monoclonal.
15. Method of claim 13, wherein said fragment 1is a

tragment of a monoclonal antibody.

16. Method o©of any one of claims 6 to 15, wherein

sald label 1s chromophoric, fluorescent or radioactive.

17. Method of any one of claims 6 to 15, wherein

sald label is an enzyme.
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