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SOLID SUPPORT HAVING ANTIBODIES IMMOBILIZED THEREON

BACKGROUND OF THE INVENTION

This invention relates to solid supports having antibodies

immobilized thereon and, more particularly, to such solid supports
which are useful in solid phase immunoassays.

Various types of assay elements are known for use in
immunoassays to analyze for analytes present in biological fluids. In
one type which is commonly referred to as a solid phase immunoassay,
one member of the antigen-antibody interaction pair, e.g., the
antibody, is bound to a solid carrier such as particulate materials,
fibrous materials and the like. In these assays the solid support
becomes the site at which the interaction between the bound material
and a binding partner takes place.

Any of the known immunometric assays, €.g., sandwich
or competitive assays, can be carried out in the solid phase format.
Such assays are well known to those skilled in the art. Briefly, for

example, in the competitive assay a sample fluid containing an analyte

PCT/US91/02092
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of interest, e.g., an antigen, is applied to a solid support having bound
thereto a binding partner of the analyte, e.g., an antibody. The
amount of antibody bound to the support is that necessary to allow the
requisite competition between the sample analyte and the labeled
species. Subsequently, after a period of incubation, a labeled analyte
or a labeled analogue thereof is added to the solid support and after
another incubation period and a wash step to remove any unbound
labeled material, the bound labeled material is detected to provide a
signal which is a function of the amount of analyte in the patient
sample fluid. The signal is inversely proportional to the amount of
analyte in the sample.

The antibodies which are immobilized on the solid carrier
can be bound thereto by various means including covalent binding,
immunoprecipitation and the like. The immunoprecipitation technique
can be carried out more conveniently as compared to the chemical
reaction(s) required for covalent binding. However, in some assays
such as the competitive immunoassay described previously, only a
relatively limited amount of antibodies may be bound to the carrier
because of various factors such as the assay concentration range, etc.
If the binding technique employed is not efficient enough a low signal
level may be obtained with a given amount of antibodies. Of course,
the signal can be improved by adding more antibodies to the solid
carrier but this alternative is not satisfactory if it results in the assay
range being shifted outside of the range required for the analyte of
interest.

Accordingly, it would be desirable to have new solid

supports having antibodies immobilized thereon. It would also be
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desirable to have such solid supports which could be used in

competitive solid phase immunoassays to provide improved signal

levels while at the same time exhibiting low nonspecific binding.
SUMMARY_OF THE INVENTION

These and other objects and advantages are accomplished

in accordance with the invention by providing a solid support having
immobilized thereon a complex of a specific antibody of interest, a
nonspecific antibody and an antibody directed against the Fc fragments
of the specific and nonspecific antibodies. For example, consider a
mouse monoclonal anti-digoxin antibody as the specific antibody of
interest which is to be immobilized on a solid support for use in an
immunoassay for digoxin. According to the invention the mouse
monoclonal anti-digoxin antibodies are included in a complex together
with an anti-mouse antibody which is raised against the Fc fragments
of mouse antibodies and a mouse IgG antibody which is nonspecific.
The complex is immobilized on the solid support by passive adsorption.

The solid supports of the invention are prepared by initially
mixing the antibody of interest, e.g., the anti-digoxin antibody, with
the nonspecific antibody in a coating solution, typically a buffer
solution, and then adding the specific antibody raised against the Fc
fragments of the specific and nonspecific antibodies. The mixture is
incubated under time and temperature conditions which allow the
complex to form. The coating solution is applied to the solid support
and the latter is dried. The antibody complex is immobilized to the
solid support through passive adsorption.

The solid supports of the invention have been found to be

particularly advantageous when used in competitive solid phase

PCT/US91/02092
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immunoassays for the analysis of analytes in a sample fluid. Higher
signal levels can be obtained while at the same time maintaining the
sensitivity of the assay in the desired assay range.

BRIEF DESCRIPTION OF THE DRAWING

For a better understanding of the invention as well as

other objects and further features thereof, reference is made to the
following detailed description of the preferred embodiments thereof
taken in conjunction with the accompanying drawing wherein the
Figure is a simplified, isometric view of a preferred assay element in
accordance with the invention. |

DESCRIPTION OF THE PREFERRED EMBODIMENT

The solid supports of the invention may comprise any
suitable solid carrier such as, for example, particulate materials, porous
members possessing an intercommunicating network of openings
throughout such that a fluid deposited on the member will propagate
through the member, and the like. Suitable porous members include
porous membranes, fibrous mesh materials and the like and may be of
any suitable material such as glass, polymeric materials, paper, etc. In
a preferred embodiment the solid carrier is a thin fibrous mesh member
which will permit fluid deposited thereon to propagate throughout
because of capillary action. The member may be any suitable fibrous
material; a preferred material is a nonwoven glass fiber mesh, the
fibers being very thin such as on the order of about 1 micrometer (um).

Any monoclonal antibodies of interest may be immobilized
on the solid carrier such as, for example, antibodies to: haptens such
as digoxin, triiodothyronine (T3) and the like; proteins such as

myoglobin; hormones; etc. The nonspecific antibody may be any to
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which the antibody directed against the Fc fragments of the specific
and nonspecific antibodies will bind. Preferably the nonspecific
antibody is of the same species as the specific antibody, i.e., they are
both raised in the same type of host animal, e.g., mice. The antibody
which is raised against the Fc fragments of the specific and
nonspeCiﬂc antibodies can be raised in any host animal.

The coating solution which is used to apply the antibody
complex to the solid support is prepared by initially combining the
specific antibody of interest and the nonspecific antibody in an
appropriate solution, preferably a buffer solution. The solution may
contain other additives such as, for example, proteins which are useful
for reducing nonspecific binding, stabilizers such as sugars, surfactants
which improve the wettability of the solid support and preservatives
for preventing anti-microbial action. Subsequently, the antibody
directed against the Fc fragments of the specific and nonspecific
antibodies is added. The solution is then incubated under time and
temperature conditions which are required to allow the complex
formation to occur. These conditions will vary depending upon the
specific materials, the amounts involved, etc. In a preferred
embodiment the coating solution is incubated at 37°C for about one
hour.

The solution is then deposited on the solid support and
allowed to become immobilized thereon through passive adsorption.
The solid support is dried to provide a member which is useful in solid
phase immunoassays.

in a preferred embodiment the solid supports of the

invention are utilized in the known competitive solid phase
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immunometric assays for an analyte of interest. Such assays are well
known to those skilled in the art and extensive discussion thereof is
not required here. To further describe the advantages of the solid
supports of the invention their use in a preferred fibrous solid phase
'competitive immunoassay will be described. Referring now to the
Figure there is seen an assay element 10 which includes a plurality of
chambers in a housing 12 wherein a first chamber 14 serves as a front
reservoir for the storage of a fluid reagent to be utilized in the assay, a
second of the chambers serves as a back reservoir 16 for the storage
of another fluid reagent for the assay, a third chamber 18 serves a
mixing well for mixing reagents and fourth chamber 20 is adapted to
dispense a fluid to one end of a porous solid support 22. There is also
shown a chamber 24 within the housing 12 wherein there is arranged
an absorbing material for absorbing fluid removed from solid support
22 such as by a wash fluid as the latter propagates through the fibrous
solid support. A frangible as puncturable foil (not shown) is disposed
over the front and back reservoirs, 14 and 16, respectively, for
containing the fluid reagents within these reservoirs thus providing a
self contained assay element.

The solid support 22 in this preferred embodiment
comprises a thin fibrous mesh pad to which there has been immobilized
an antibody of interest in accordance with the invention. A preferred
solid support is a nonwoven glass fiber mesh having very thin fibers
such as on the order of about 1 micrometer (um). This preferred solid
support is from about 0.30 mm to about 0.60 mm in thickness,

preferably about 0.40 mm.
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The solid support 22 extends from the dispensihg

chamber 20 to the chamber 24 which holds the absorbing material.
The fluid absorbing matérial 26, which may be any suitable material, is
located within chamber 24 and forms a part of the chamber 24 for

5 taking up fluid expelled from the solid support and the guide area (not
shown) in which the support is arranged. The absorbing material 26 is
located contiguous the solid support 22 and in a preferred
embodiment, as i.llustrated, is formed conveniently as an extension of
the solid support material folded back and forth on itself.

10 The housing 12 also includes a chamber 28 which is
positioned immediately above the area of the solid support where the
immunometric interactions take place. It will be apparent to those
skilled in the art that the immobilized antibody complex bound to the
solid support need only be present on that part of the support where

15 the immunometric interactions will take place. The housing 12 also
preferably includes a transparent window (not shown) or an opening in
the housing, positioned immediately below the bottom surface of the
solid support 22 to provide access for the readout illumination used to
measure the detectable change effected in the support as a result of

20  the assay method.

In the assay method a volume of sample fluid, typically
30-45 yl is deposited on the solid support 22 through chamber 28.
The sample fluid is allowed to incubate for a suitable period at the
appropriate temperature to allow the sample antigen to interact with

25 the immobilized antibodies in the reaction site on the solid support.
Subsequently, a conjugate of an enzyme-labeled antigen (the same as

the sample antigen) or an analogue thereof is withdrawn from
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chamber 14 and deposited on the solid support through chamber 28.
The conjugate will bind to any specific antibodies on the solid support
which are not bound to the sample antigen. The assay element 10 is
again allowed to inbubate.

Since the enzyme label »must be detected indirectly, a
substrate solution, typically 50-100 ul is applied to the porous solid
support 22 through chamber 20. The su_bstrate solution is utilized
both as a wash fluid to remove from the solid support any unbound
sample antigen or conjugate and to render the enzyme label detectable.
The substrate solution is caused to enter an end portion of the solid
support and as the solution propagates through the solid support 22 it
forces any unbound sample antigen and enzyme conjugate together
with the fluid out of the solid support and into the absorber chamber
24 where it is taken up by the absorber material 26. The signal
provided by the fluorescent species liberated by the reaction of the
enzyme with the substrate material is read out by means of suitable
optical apparatus.

It has been found that such competitive assays carried out
with the solid supports of the invention provide higher signal levels and
desirably steeper standard curve slopes in the assay range.

Although the preferred competitive solid phase assay has
been described with respect to a sequential format it should be
recognized that it can also be carried out in. the simultaneous mode.

The invention will now be described further in detail with
respect to specific preferred embodiments by way of examples it being

understood that these are intended to be illustrative only and the
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invention is not limited to the méterials, conditions, process
parameters, etc. which are recited therein. '
EXAMPLE |
An antibody solution was prepared containing 0.1 pg/mi
5 of anti-digoxin antibodies and 10 yg/ml of mouse IgG antibodies in a
pH 7.2 phosphate buffered saline solution which also contained other
proteins, stabilizers, surfactants and anti-microbial agents. The
solution was filtered through a 0.2 um filter and then 2 mi of a solution
of Goat Anti-Mouse 1gG, Fc Fragment Specific (Jackson
10 immunoResearch) was diluted 1:100 with the antibody solution to

form a coating solution.

The coating solution was incubated for one hour at 37°C
and about 35 yl added to an approximately 7 x 8 mm area of a
Whatman GF/F fibrous glass filter material. The filter material was

15 dried for about 10 minutes at 75°C and incorporated into an assay
element as described previously.

The assay elements were then used to carry out the
competitive immunometric assay method previously described with
sample fluids containing known digoxin concentrations. The assays

20 were carried out on an automated laboratory instrument. The enzyme
label used in the conjugate was methyl umbelliferyl phosphate and the
readout signal was obtained by directed 360 nm radiation upon the
bottom surface of the solid support and measuring the reflected 450
nm radiation.

25 The signals obtained are shown in Table |. The assays

were read kinetically and the signals obtained are the slopes of the
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kinetic measurements. Each value shown in Table | is the average of
three replicates.

Table |
Digoxin (ng/mt Signal
0.00 2372
0.50 ' 1911
1.00 ' 1275
2.00 672
4.00 251

It can be seen that .the assay method of the invention
provided high signal levels and a desirable steep standard curve slope
in the assay range (about 0.5 - 4.0 ng/mi).

EXAMPLE |l

A coating solution was prepared which was the same as
that described in Example | except that it contained 0.0625 yg/ml of a
monoclonal antibody to T3 instead of the anti-digoxin antibodieé.
Assay elements were prepared as described in Example | and used to
carry out the competitive solid phase assay method previously

described. The results obtained are shown in Table il.

- Table Il
I3 (ng/ml Signal
0.00 5973
0.50 5279
1.00 4487
2.00 3072
4.00 1981

8.00 1220
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Again the assay method of the invention provided high
signal levels and a desirable steep standard curve slope in the assay
range (about 0.50 - 8.00 ng/mli).

Although the invention has been described in detail with

5 respect to various preferred embodiments, those skilled in the art will
recognize_that variations and modifications may be made therein which
are within the spirit of the invention and the scope of the appended

claims.
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What is claimed is:
_ 1. A solid support having an antibody of interest
immobilized thereon comprising a solid support to which there is
attached a complex of: (1) a specific monoclonal antibody of interest;
(2) a nonspecific antibody; and (3) an antibody directed against the Fc
fragments of said specific and nonspecific antibodies.

2. The solid support as defined in claim 1 wherein said
solid support is a fibrous glass material. '

3. The solid support as defined in claim 2 wherein said
specific monoclonal antibody is a mouse anti-digoxin antibody or a
mouse anti-triiodothyronine (T3) antibody, said nonspecific antibody is
a mouse IgG antibody and said antibody directed against the Fc
fragments of said specific and nonspecific antibodies is a goat anti-
mouse antibody.

4. The solid support as defined in claim 1 wherein the
specific antibody and the nonspecific antibody are of the same species.

5. A method for preparing a solid support having an
antibody of interest immobilized thereon comprising

(a) adding to a solution containing a specific monoclonal
antibody of interest and a nonspecific antibody, an antibody directed
against the Fc fragments of said specific and nonspecific antibodies;

(b) incubating said solution at a temperature and for a
period of time sufficient to allow said antibodies to form a complex;

(c) applying said solution to a solid support and
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(d) drying said solid support whereby said antibody
complex is immobilized on the solid support.

6. The method as defined in claim 5 wherein said solid
support is a fibrous glass material. "

7. The method as defined in claim claim 5 wherein step

(b) is carried out at about 37°C for about one hour.
8. The method as defined in claim 5 wherein said specific

and nonspecific antibodies are of the same species.
9. The method as defined in claim 8 wherein said specific
antibody is a mouse monoclonal antibody and said nonspecific

antibody is a mouse IgG antibody.
10. The method as defined in claim 9 wherein said

specific antibody is a mouse anti-digoxin antibody or a mouse anti-
triiodothyronine (T3) antibody.

11. A competitive solid phase immunoassay method
comprising

(a) contacting a solid support as defined in claim 1 with (i)
a sample fluid containing an analyte which is the binding partner of the
specific monoclonal antibody immobilized on said solid support and (ii)
a conjugate comprising a label bound to said analyte or an analogue
thereof;

(b) separating the solid and fluid phases; and

(c) detecting the amount of the label present in either the
solid or fluid phase.

12. The method as defined in claim 11 wherein said label
is an enzyme and step (b) is carried out by applying a substrate

solution to said solid support.

PCT/US91/02092
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13. The method as defined in claim 12 wherein the
reaction of said substrate and said enzyme provides a fluorescent
species. 7 '

14. The method as defined in claim 11 wherein step (a) is
carried out by first applying said sample fluid to said solid support and
then applying a solution of said conjugate to the solid support.

15. The method as defined in claim 11 wherein said
specific monoclonal antibody immobilized on said solid support is a
monoclonal anti-digoxin antibody or a monoclonal anti-triiodothyronine
(T3) antibody.

* 16. The method as defined in claim 14 wherein said
specific monoclonal antibody immobilized on said solid support is a
monoclonal anti-digoxin antibody or a monoclonal anti-triiodothyronine
(T3) antibody.

5
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