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(57) Claim

1. A method for detection af an antibody of interest in a 
body fluid containing said antibody of interest and other 
antibodies, comprising the steps of: ·

a. providing an antibody-binding protein covalently bound 
to a porous matrix, said matrix being trapped within a 
transparent column;

b. contacting and incubating a test body fluid containing 
said antibody of interest and other antibodies with said 
protein-bound matrix of step (a) whereby said protein 
reacts with said antibodies to immobilize said antibodies, 
including said antibody of interest;

c. providing a solution of an antigen specific to said 
antibody of interest, said antigen being biotinylated;

d. contacting and incubating said biotinylated antigen of 
step (c) with the immobilized antibody of interest of step
(b) whereby said biotinylated antigen reacts with said 
immobilized antibody of interest to immobilize said 
biotinylated antigen;

e. providing a solution of avidin, said avidin covalently 
linked to an enzyme;

£. contacting sand incubating said solution of step (e) 
with the immobilized biotinylated antigen-immobilized
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antibody-protein bound matrix complex of step (d) whereby 
said enzyme-labelled avidin reacts with said matrix complex 
to immobilize said enzyme-labelled avidin;

g. contacting and incubating said immobilized complex of 
step (f) with a substrate solution wherein said enzyme 
linked to avidin induces a reaction with said substrate and 
produces a detectable reaction product on the immobilized 
complex; and

h. correlating said detectable reaction product on the 
immobilized complex in the column to the presence of said 
antibody of interest to be detected.

15. A method for detection of an antibody of interest in 
a body fluid containing said antibody and other antibodies, 
comprising the steps of:

. a. providing an antibody-binding protein covalently bound 
to a porous matrix, said matrix being trapped within a 
transparent column

b. contacting and incubating a test body fluid containing 
said antibody of interest and other antibodies with a 
solution of an antigen specific for the antibody of 
interest, said antigen being biotinylated;

c. contacting and incubating said combined solution of 
step (b) with a solution of avidin, said avidin covalently 
linked to an enzyme;

d. contacting and incubating said combined solution of 
step (c) with a matrix of step (a) such that a complex of 
antibody-biotinvlated antigen-enzyme labelled avidin is 
immobilized by said matrix;

e. contacting and incubating said immobilized complex of 
step (d) with a substrate solution wherein said enzyme 
linked to avidin induces a reaction with said substrate and 
produces a detectable reaction product on the immobilized 
complex; and

f. correlating said detectable reaction product on the 
immobilized complex in the column to the presence of said 
antibody to be detected.
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(57) Abstract

A method for detection for screening and diagnostic purposes of antibodies in a body fluid by means of an antibody-bind
ing protein covalently bound to a porous matrix trapped within a transparent column. A test fluid containing antibody is contact
ed with the protein-bound matrix whereby the protein reacts with to immobilize any antibody present in the test fluid. A biotiny
lated antigen of interest is contacted with the immobilized antibody whereby the biotinylated antigen binds to the immobilized 
antibody. Avidin covalently linked to an enzyme is contacted with the immobilized biotinylated antigen-immobilized antibody- 
protein bound matrix complex whereby the enzyme-labelled avidin binds to the immobilized complex. This immobilized complex 
is contacted with a substrate solution wherein the enzyme linked to avidin catalyzes a reaction of the substrate and produces a de
tectable reaction product which correlates to the presence of the antibody to be detected.
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AVIDIN-BIOTIN ASSISTED IMMUNOASSAY

BACKGROUND OF THE INVENTION
This invention relates to the detection for screening and

5 diagnostic purposes of antibodies in body fluids such as 
saliva, urine, tears, serum or plasma. In particular, this 
invention relates to the detection of antibodies which are 
present in low amounts in such fluids or where small 
amounts of such fluids are available and yet the antibodies

10 present have antigenic specificities characteristics of 
particular disease states, and are of diagnostic value.

Body fluids of mammals, such as serum, plasma, '^saliva, 
tears, urine, milk,"'seminal fluid, synovial fluid, etc. can 
contain antibodies which are useful in the diagnosis of

15 diseases, including those of bacterial and viral infection 
and of autoimmune origin. Body fluids, such as saliva, 
have significant advantage over serum and plasma as sources 
of these diagnostically valuable antibodies since they can 
be obtained without the facilities and hazards attendant

20 with the taking of blood samples. However, often the 
concentration - of antibodies is so low in these fluids as to 
make conventional tests for antibodies impractical.

Saliva, in particular, presents problems as a diagnostic 
indicator. These problems stem from the low concentration

25 of antibodies in saliva and the inconvenience of collecting 
and processing quantities of saliva sufficient for a 
reliable diagnostic test, which can be quickly performed.

SUMMARY OF THE INVENTION
In one aspect, the present invention is a method for

30 detection of antibody in a body fluid comprising the steps 
of providing an antibody-binding protein covalently bound 
to a porous matrix, said matrix being trapped within a 
transparent column.’ contacting and incubating a test fluid 
containing said antibody with said protein-bound matrix

35 whereby said protein reacts with said antibody to
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immobilize said antibody; contacting and incubating a 
biotinylated antigen of interest with the immobilized 
antibody whereby said biotinylated antigen reacts with said 
immobilized antibody to immobilize said biotinylated

5 antigen; contacting and incubating said solution of avidin, 
said avidin covalently linked to an enzyme, with the 
immobilized biotinylated antigen-immobilized antibody- 
protein bound matrix complex whereby said enzyme-labelled 
avidin reacts with said matrix complex to become

10 immobilized; contacting and incubating said immobilized 
complex with a substrate solution wherein said enzyme 
linked to avidin catalyzes a reaction of said substrate and 
produces a detectable reaction product; and correlating 
said detectable reaction product to the presence of said

15 antibody to be detected.
In another aspect, the invention is a method for 

detection of antibody in a body fluid, comprising the steps 
of providing an antibody-binding protein covalently bound 
to a porous matrix, said matrix being trapped within a

20 transparent column; contacting and incubating a test fluid 
containing said antibody with a solution of an antigen of 
interest, said antigen being biotinylated; contacting and 
incubating said combined solution with a solution of 
avidin, said avidin covalently linked to an enzyme;

25 contacting and incubating said combined solution with the 
matrix such that a complex of antibody-biotinylated 
antigen- enzyme labelled avidin is immobilized by said 
matrix; contacting and incubating said immobilized complex 
with a substrate solution wherein said enzyme linked to

30 avidin catalyzes a reaction of said siubstrate and produces 
a detectable reaction product; and correlating said 
detectable reaction product to the presence of said 
antibody to be detected.
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A further aspect of the invention is a method for 
detecting an antigen in a test biological fluid, comprising 
the steps of providing an antibody-binding protein 
covalently bound to a porous matrix, said matrix being

5 trapped within a transparent column; providing a solution 
of test fluid containing said antigen and containing a 
small amount of antibody against said antigen in aqueous 
buffer; contacting and incubating said solution with said 
matrix such that a complex of antibody and antigen is

10 immobilized by said matrix; providing a solution of 
monoclonal antibody modified so that it is a Fab fragment, 
lacking the Fc portion which binds to protein A but 
retaining its ability to bind antigen, said antibody being 
biotinylated; contacting and incubating said solution with

15 the immobilized complex such that an antibody-antigen-Fab 
antibody complex is immobilized by said matrix; providing a 
solution of avidin, said avidin covalently linked to an 
enzyme; contacting and incubating said solution with the 
immobilized antibody-antigen-Fab antibody complex whereby

20 said enzyme-labelled avidin reacts with said matrix complex 
to immobilize said enzyme-labelled avidin; contacting and 
incubating said immobilized complex with a substrate 
solution wherein said enzyme linked to avidin catalyzes a 
reaction of said substrate and produces a detectable

25 reaction product; and correlating said detectable reaction 
product to the presence of said antibody to be detected. 
The invention also contemplates a test kit comprising a 
transparent open-ended column; a pair of porous frits 
disposed within said column to define a space therebetween;

30 and a porous matrix having covalently bound thereto an 
antibody-binding protein; said matrix being trapped in said 
space between said pair of porous frits. The kit may also 
comprise appropriate reagents such as sample dilution 
buffer, biotinylated antigen solution, anti-antigen
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antibody, biotinylated Fab monoclonal antibody, enzyme- 
linked avidin solution, enzyme substrate, and control 
solutions.

BRIEF DESCRIPTION OF THE DRAWINGS
5 Figure 1 schematically illustrates the binding mechanism 

utilized by the present invention; and
Figure 2 diagrammatically represents the apparatus used 

in the present invention.
DESCRIPTION OF THE PREFERRED EMBODIMENT

10 A preferred embodiment of the present invention comprises 
a method of rapidly isolating antibodies from a body fluid 
by passing the fluid through a porous matrix to which is 
chemically bonded the substance protein A, a protein which 
rapidly binds to antibody molecules. The antibodies are

15 thus rapidly removed from the fluid as it filters through 
the matrix and the antibodies are concentrated in the 
matrix for the subsequent colorimetric assay for antigenic 
specificity. It is preferred that the porous matrix is a 
predetermined amount of a beaded agarose gel with

20 covalently bonded protein A which is placed in a column 
made of transparent material. The column has a porous frit 
at the bottom to retain the agarose gel while allowing the 
body fluid to quickly filter through the gel. The amount 
of protein A-containing gel in the column is sufficient to

25 bind an optimal amount of the antibodies in the body fluid 
and provide an adequate size surface for the subsequent 
colorimetric assay,..

Protein A is a protein isolated from the cell wall of the 
bacteria staphylococcus aureus (Cowan strain 1). Protein A

30 (also called Type 1 Fc receptor) is available commercially 
as a protein isolated fro:* this bacteria and also in a 
recombinant form expressed in other bacteria. Protein A 
can be covalently linked to agarose by any of several 
commonly used chemical reactions. Some examples of these
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techniques are the following: Amino groups or carboxyl
groups are introduced into the agarose matrix by the 
cyanogen bromide method with diamino alkanes (introduction 
of amino group) or amino carboxylic alkanes (introduction

5 of carboxyl groups). This method is described by M. 
Wilchek et al., "The purification of biologically active 
compounds by affinity chromatography," Methods of 
Biochemical Analysis. 23:347-385, 1986. These derivatized 
agarose gels are then coupled to carboxyl groups or amino

10 groups on the protein by the use of the commonly used 
carbodiimide chemistries or the use of such commonly used 
leaving groups as N-hydroxysuccinimide which is introduced 
into the amino derivatized agarose with O-bromoacetyl-N- 
hydroxysuccinimide. Other known techniques can be used to

15 covalently bind protein A to agarose or other 
po?.ysaccharide matrices.

Other proteins which rapidly and avidly bind antibodies 
are available, and can be used instead of protein A for the 
purposes described in this application. These proteins

20 include certain proteins isolated from group A streptococci 
(Type II Fc receptor), protein G (Type III Fc receptor) 
isolated from most human C and G streptococcus strains, 
Type IV Fc receptor isolated from some strain G 
streptococcus strains, and Types V, VI Fc receptors

25 isolated from streptococcus zooepidimicus. Each of these 
proteins has certain advantages over the others in its 
strength of binding to different subclasses of 
immunoglobulins and immunoglobulins from different 
mammalian species.

30 Other types of porous matrices are suitable for the 
purposes of this invention if they have low non-specific 
binding of proteins and functional groups such as hydroxyl 
groups or unique chemistries which allow the covalent 
binding of protein A or other proteins which bind
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antibodies An example of such matrix is the
methacrylamide, glycidyl methacrylate beaded polymer 
available from Rohm Pharma under the name "Eupergit C".
After binding of antibodies to the porous matrix as

5 indicated above, excess amounts of the body fluid are 
removed from the matrix by washing with a suitable aqueous 
buffer. The matrix with bound antibody is then used as a 
substrate to assay for the antigenic specificity of the 
bound antibody.

10 Several methods are available for the assay of the 
antigenic specificity of isolated antibodies. These 
include the use of enzymes such as horseradish peroxidase 
or alkaline phosphatase covalently linked to the antigens 
of interest. This technique is illustrated in T. Kitagawa

15 et al., "Enzyme coupled immunoassay of insulin using a 
novel coupling reagent," Journal of Biochemistry, 79:233
236, 1976. These enzymes are used to develop color
reactions which indicate the presence of the antigen. 
Another method which is available is the covalent binding

20 of biotin to the antigen as in G.R. Dreesman et al., U.S. 
Patent 4,535,057; D.A. Fuccillo, "Application of the 
avidin-biotin technique in microbiology," Bio-Techniques. 
3:494-501, 1985; and M. Wilchek et al., "The use of the
avidin-biotin complex as a tool in molecular biology,"

25 Methods of Biochemical Analysis. 26:1-45. Biotin (also 
known as Vitamin H) has the following chemical structure:

MH

30
It is bound with very high avidity (Kd 10-15M) by the 

protein avidin. Four biotin molecules are bound per avidin 
molecule. When enzymes such as horseradish peroxidase or 
alkaline phosphatase are chemically linked to the avidin
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molecule, the avidin-biotin interaction can constitute a 
molecular bridge between the antigen of interest and the 
enzyme which is used to develop the color reaction that 
indicates the presence of the antigen. Because each avidin

5 molecule has four biotin binding sites, the number of 
enzyme molecules per antibody molecule is increased in the 
presence of excess biotinylated antigen and the sensitivity 
of the assay is increased.
The chemical bond between the antigen and biotin molecule

10 can be formed by a number of different chemical reaction 
sequences which ar^, available. These reactions typically 
utilize N-hydroxysuccinimidyl or iodo leaving groups to 
derivative amino groups in the protein structures of the 
antigen. Typical reagents are shown below:

15

Na.OS
H
N

,0

N
HH

N

il H
l-CHj-C- N — ;CHj) — N 

θ H

sA/\cO
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H

N0 OO O
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N-O-C-CCH^-N-C — (CH.) - 
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Carbohydrate antigens can be biotinylated by the reaction 
of biotin hydrazide with aldehyde groups produced in 
polysaccharide structures after reaction with periodate. 
The selection of the best biotinylation system among these

5 and other available chemical reactions depends on the 
particular nature of the antigen being tested.

The present invention represents a unique application of 
the use of the biotin-avidin reaction to link antigen with 
an enzyme detection system. The unique use lies in the

10 fact that the antigen has been immobilized as it passes 
through a porous matrix containing specific antibody which 
has in turn been immobilized by protein A as shown in 
Figure 1 which illustrates schematically the system.

In the presence of excess biotinylated antigen, many
15 avidin-enzyme conjugates can bind to the gel for every 

antibody immobilized by protein A. This gives the 
technique its high sensitivity.
The enzyme coupled to the avidin determines the 

colorimetric assay used in the detection of antigen, which
2 0 ultimately is a test for the presence of certain types of 

antibody in the biological fluid. .Two of the more commonly 
used enzymes are alkaline phosphatase and horseradish 
peroxidase. These enzymes may be chemically bonded and 
linked to the avidin molecule utilizing commonly used

25 chemical pathways for protein? protein covalent linkage 
includes the use of glutaraldehyde or the use of other 
homobifunctional and heterobifunctional reagents such as 
disuccinimidyl suberate and succinimidy l-N-( 4-carboxy- 
cyclohexylmethyl)-maleimide (s. Yoshitake et al.,

30 "Conjugation of glucose oxidase from Aspergillus nicer and 
rabbit antibodies using N-hydroxy-succinimide ester of N- 
(4-carboxy-cyclohexylmethyl)-maleimide," Eur, J,. Biochem, 
101:395-399). These chemistries utilize the reactivity of 
the amino group of proteins with the succinimidyl ester,
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and the reactivity of the free SH group of proteins with 
the maleimide moiety.

If horseradish peroxidase is used as the detection 
enzyme, typical substrates would be diaminobenzidine, 4

5 chloro-l-naphthol, or 3,3',5,5'-tetramethylbenzidine(7). 
When any of these materials is mixed with hydrogen peroxide 
and exposed to the enzyme, a darkly colored polymeric 
material is formed. This colored product is fast, i.e., 
insoluble and precipitating on the solid support. The

10 production of this colored precipitate indicates the 
presence of the enzyme and in the context of this invention 
the presence of antibodies specific for the antigen being 
investigated. Other materials producing highly colored 
precipitates are used to indicate the presence of alkaline

15 phosphatase such as a mixture of 4-chloro-2-methylaniline 
and 3-hydroxy-2-naphthoic acid 4' chloro-2' methyl anilide 
phosphate, or a mixture of 5-bromo-4-chloro-3-indolyl- 
phosphate and nitroblue tetrazolium.

In the present invention, the capture of antibodies by
20 the Protein A attached to the insoluble matrix occurs in 

minutes with a total assay time of less than 15 minutes. 
The use of the column technique also lends speed and 
convenience to the present invention, and permits the 
concentration of antibodies from a large volume of fluid.

25 EXAMPLE I
The following is a typical and practical use of the ideas

and techniques which are the basis of this invention: 
Crosslinked agarose consisting of beads (75-300 micron 
diameter) to which protein A has been linked by the

30 techniques indicated above (either by the producer or a 
commercial supplier, e.gs, Bio Rad Corp. Product 1536154) 
is washed in phosphate buffered saline (PBS) and incubated 
for 12 hours at 4’C as a 25% suspension in PBS containing 
0.75% gelatin, 0j3% Tween 20 detergent. This reduces non-
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specific binding of proteins to the agarose. The agarose- 
protein A beads are again washed in PBS. As shown in 
Figure 2, a clean polystyrene column 10 (8 mm I„D, x 102
mm) with s volume of 6 milliliters and a porous (70 μη pore

5 size) polyethylene disk (frit) 12 at the bottom is used 
(e.g., Pierce Chemical Co. product 29920). A cap 14 is 
used on the bottom tip of the column to control the flow of 
liquid through the column. Columns of other dimensions 
which fulfill the basic requirements of the invention are

10 usable. Two hundred microliters of the prepared agarose- 
protein A beads 16 are placed on the frit at the bottom of 
the column with adequate PBS for transfer. A second frit 
18 is placed on top of the settled agarose beads resulting 
in a 4 mm thick disk of agarose beads sandwiched between 2

15 porous frits. The column described here fulfills the 
essential requirement of a device which will (l) contain an 
adequate quantity of agarose-protein A beads, (2) allow 
easy observation of the beads, (3) allow the flow of a body 
fluid to be tested through the beads with adequate contact

20 surface between solutes in the body fluid and the protein A 
attached to the beads, (4) allow the sequential addition 
and washing out of the reagents used to perform the 
colorimetric tests of the antibodies in the body fluid.
After placing the agarose-protein A beads in the column

25 as described, about one milliliter of the body fluid to be 
tested is diluted with 2 milliliters of an aqueous buffer 
which is 0.25M in TRIS (Tris (hydroxy methyl amino 
methane)), 0.37% gelatin, 0.30% Tween 20, 0.075M NaCl, and 
0.01M in sodium phosphate. This buffer is called ’’diluent

30 buffer" and has a pH of about 8.0,, The diluted body fluid 
is placed in the column on the top of the upper frit and 
allowed to drain through the column by removing the bottom 
cap (3 to 5 minutes for this step) . The column is then 
washed twice with 3 ml. portions of diluent buffer (3
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minutes per wash). Ten micrograms of biotinylated antigen 
(prepared by producer) is added to 2 ml. of diluent buffer 
and drained through the column (2 minutes). Additional 
sensitivity can be obtained by preincubating antigen with

5 body fluid for 5 minutes and then draining through the 
column. This is followed by 2 x 3 ml. washes with diluent 
buffer (3 minutes each). Twenty micrograms of avidin- 
peroxidase conjugate (prepared by producer or commercial 
supplier, e.g., Sigma Chemical Co. product 3151) is

10 dissolved in 2 ml. diluent buffer and drained through the 
column (2 minutes). Again the column is washed 2 times 
with 3 ml. of diluent buffer (3 minutes each) . These 
washes are followed by passing 2 ml. of a substrate 
solution through the column. The substrate solution can be

15 0.5 mg/ml. of 3,3 diaminobenzidine in PBS containing
0.00004 percent H2O2 (2 minutes). The extent of darkening 
of the gel at this point indicates the presence of 
antibodies in the biological fluid specific for the test 
antigen. An additional wash with water allows the test

20 column to he capped and stored at refrigerator temperature 
with stable color development for several days.

Controls consist of columns run at the same time with 
known positive and negative samples of body fluids or 
suitable solutions of positive and negative antibodies.

2 5 Alternative or additional controls for the purpose of color
comparison can be agarose without protein A (negative) or 
agarose witl biotin coupled to it. Biotin, which contains 
a carboxylic acid? can be coupled to agarose by the same 
chemical reactions used te couple protein A to agarose.

3 0 These color-comparison-controls can be run in the same
column as the test by simply placing the additional 
aliquots of agarose in the column with the agarose-protein 
A? each agarose aliquot is separated from the others by a 
polyethylene frit.
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EXAMPLE II
The procedure described in Example I for assaying i ml. 

of body fluid takes about 27 minutes. This time can be 
significantly reduced by the following modification: One

5 milliliter of body fluid is combined with 2 ml. of diluent 
buffer. Ten micrograms of biotin-antigen complex are added 
followed by incubation for 2 minutes at room temperature. 
Twenty micrograms of avidin-peroxidase complex are added 
and the mixture is immediately passed through the column (3

10 minutes) . This is followed by 2 washes with 3 ml. of 
diluent buffer (6 minutes) and color development with 2 ml. 
of diaminobenzidine-H202 substrate solution (2 minutes) . 
The total assay time with this modified procedure is about 
13 minutes and the sensitivity is equal to or greater than

15 that described earlier.
EXAMPLE III

Using the abbreviated column procedure of Example II, we 
have tested the saliva and serum of Acquired Immune 
Deficiency (AIDS) patients which are confirmed to have

20 serum antibodies against the Human Immunodeficiency Virus-1 
(HIV-1) proteins (positive samples). Ten micrograms of 
biotinylated HIV viral lysate were used per column. Using 
6 microliters of positive serum or 150 microlite s of 
positive saliva, a near maximum dark J.'rown color was

25 obtained on the agarose beads using the diaminobenzidine 
substrate. Control serum and saliva from uninfected 
persons gave essentially colorless agarose beads with the 
same procedure. The s ime results have been obtained using 
as antigen an HIV protein produced by expression of a

30 recombinant gene (commercial product, envelope peptide 
pl21, Centocor, Inc.). Similar results have also been 
obtained using a viral lysate of the virus HTLV-1 and serum 
from infected patients.
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In a like manner, this invention should be useful for the 
detection of disease specific antibody in body fluids of 
patients with infection by such agents as Hepatitis B and 
Herpes Simplex Type I and Type II.

5 Another format which fulfills the basic function of , the 
column is to place the sandwich of frit-protein A-agarose- 
frit in a disposable plastic pipette tip. The frits wedge 
tightly against the walls of the tip, confining the agarose 
beads and allowing the flow of liquid through the beads.

10 When attached to the standard hand pipetting unit, the tip 
can b<2 used to draw the body fluids and various reaqentsr»1 *■
and washing fluids through the agarose beads.

EXAMPLE IV
In addition to. its ability to detect antibodies specific

15 for HIV and other antigens, the present invention can be 
modified to directly detect the antigens of interest. 
Biotinylated antigen is omitted in this procedure. The 
biological fluid to be tested is added to blocking buffer 
in the column. Two micrograms of human antibody against

2 0 the antigen (s) is also added to this solution in the 
blocking buffer. After 5-10 minutes incubation, there is 
added 2 micrograms of a mouse monoclonal antibody that has 
been modified so that it is a Fab fragment (lacking the Fc 
part of the molecule which binds to Prorein A, but

25 retaining its ability to bind antigen). (D.W. Dresser,
"Assays for immunoglobulin-secreting cells," in D.M. Weir 
(Ed.), Handbook of Experimental Immunology, 34d ed., 
Blackwell Scientific Publications, Oxford? and J. J. 
Langone, "Protein A of Staphylococcus aureus and related

30 immunoglobulin receptors produced by Streptococci and 
Pneumonococci, ’’ Advances in Immunology, 32:157-252.) This 
modified monoclonal antibody is also biotinylated as 
previously described. The monoclonal antibody binds to 
those portions of the antigen which are not bound to the
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human antibody. After another 5-10 minutes incubation, the 
avid,in-enzyme detection reagent is added and the mixture 
drained through the column. After washing, chromogenic 
detection is carried out as before. The monoclonal

5 antibody Fab fragment will only bind to the column, and 
thus color development will only be seen, if the antigen of 
interest is present. In contrast to other immunoassays for 
the direct detection of antigen, this technique captures 
antiuen as an antigen-antibody complex by binding of

10 antibody, including the antibody endogenously present in 
the biological sample. Also, larger volumes of biological 
fluid can be concentrated on a small detection surface.

Example V
This technique can also be adapted to biological fluids

15 which lack endogenous antibodies against the antigen cf 
interest and where there are no other sources of human 
antibody specific for the antigen. This would be the case,, 
for example, in a plant tissue extract to be assayed for 
antigens of a plant pathogen. Here, two monoclonal

20 antibodies specific for the antigens of the pathogen would 
be used. One antibody would be ,»5dded to the extract te 
bind the antigen and mediate its binding to the immobilized 
Protein A. The second monoclonal would be made into a 
biotinylated Fab fragment and used as a detection antibody.

25 A specific potential application of this technique exists 
for the detection of Corvnebacterium sepedonicum infection 
of potatoes. C. sepedonicum infection produces bacterial 
ring rot in potatoes, a disease of significant commercial 
impact. Stem and tuber extracts of affected plants contain

30 many of these gram-positive bacteria. A number of 
monoclonal antibodies have been produced in mice to the 
antigens of C. sepedonicum which can be used in an 
immunoassay for the organism. Extracts of suspect plant 
tissues are prepared according to standard techniques in
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fluid containing detergent to maximize solubility of the 
bacterial antigens. Insoluble materials are removed by 
filtration and centrifugation. Between 1 and 5 mL of this 
extract are added to the column described above. The

5 column contains 1 mL of diluent buffer and 10 micrograms of 
a monoclonal antibody against a principal bacterial 
antigen. Ten micrograms of a second monoclonal antibody, 
biotinylated and present as a Fab fragment, are also 
present. This monoclonal antibody is specific for a second

10 epitope on the same bacterial antigen. After 5 minutes 
incubation, the mixture is drained through the column. The 
column is washed with diluent buffer as described above. 
Avidin linked to enzyme is then passed through the column 
followed by washes as previously described in Examples I

15 and II. Suitable chromogenic substrates for the enzyme are 
added and color development estimated in comparison to 
positive and negative controls to assess the presence of 
bacteria in the original tissues.
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THE CLAIMS DEFINING THE INVENTION ARE AS FOLLOWS

1. A method for detection of an antibody of interest in a
body fluid containing said antibody of interest and other 
antibodies, comprising the steps of: ·

5 a. providing an antibody-binding protein covalently bound 
to a porous matrix, said matrix being trapped withiti a 
transparent column;

b. contacting and incubating a test body fluid containing 
said antibody of interest and other antibodies with said

10 protein-bound matrix of step (a) whereby said protein 
reacts with said antibodies to immobilize said antibodies,

' including said antibody of interest;
c. providing a solution of an antigen specific to said 

antibody of interest, said antigen being biotinylated;
15 d. contacting and incubating said biotinylated antigen of 

step (c) with the immobilized antibody of interest of step 
(b) whereby said biotinylated antigen reacts with said 
immobilized antibody of interest to immobilize said 
biotinylated antigen;

20 e. providing a solution of avidin, said avidin covalently 
linked to an enzyme;

f. contacting sand incubating said solution of step (e) 
with the immobilized biotinylated antigen-immobilized 
antibody-protein bound matrix complex of step (d) whereby

25 said enzyme-label led avidin reacts with said matrix complex 
to immobilize said enzyme-labelled avidin;

g. contacting and incubating said immobilized complex of 
step (f) with a substrate solution wherein said enzyme 
linked to avidin induces a reaction with said substrate and

30 produces a detectable reaction product on the immobilized 
complex; and

h. correlating said detectable reaction product on the 
immobilized complex in the column to the presence of said 
antibody of interest to be detected.
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2. The method of claim 1, wherein said body .fluid is 

saliva.
3. The method of claim 1, wherein said matrix is any 

porous material having low non-specixic binding of proteins

» · · ·• «
* k » · « fc

\>
J 

A
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and functional groups or other chemistries wi.. allow 
binding or proteins that bind antibodies.

4. The method of claim 3, wherein said matrix is agarose.
5. The method of claim 4, wherein color-comparison 

5 controls are run in the same column using additional
aliquots of agarose separated from one another with 
polyethylene disks.

6. The method of claim 1, wherein said protein is protein
. A.

« « *• « *

» V *
«

10 7. The method of claim 1, wherein said protein is derived
from sources chosen from the group of Types II, III, IV, V, 
and VI Fc receptor.

8. The method of claim 1, wherein after said test fluid 
is contacted and incubated with said prorein-bound matrix,

15 said matrix is washed.
9. The method of claim 1, wherein after said biotinylated 

antigen is contacted and incubated with said immobilized 
antibody, said matrix is washed.

10. The method of claim 1, wherein after said enzyme- 
20 linked avidin is contacted and incubated with said

immobilized antigen complex, said matrix is washed.

< « · ·
» · · ·

11. The method of claim 1, wherein the column is open-
ended.

12. The method of claim 1, wherein the column is
polystyrene.

13. The method of claim 1, wherein the matrix is
supported by a porous polyethylene disk.

14. The method of claim 1, wherein the test body fluid
is diluted before application with an aqueous buffer.

30 15. A method for detection of an antibody of interest in
a body fluid containing said antibody and other antibodies, 
comprising the steps of:
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a. providing an antibody-binding protein covalently bound 

to a porous matrix, said matrix being trapped within a 
transparent column;

5

« « «• » *
♦ I \ «

6
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b. contacting and incubating a test body fluid containing 

said antibody of interest and other antibodies with a 
solution of an antigen specific for the antibody of 
interest, said antigen being biotinylated;

5 c. contacting and incubating said combined solution of 
step (b) with a solution of avidin, said avidin covalently 
linked to an enzyme; ·

d. contacting and incubating said combined solution of
. step (c) with a matrix of step (a) such that a complex of

10 antibody-biotinylated antigen-enzyme labelled avidin is 
immobilized by said matrix;

e. contacting ano incubating said immobilized complex of
• step (d) with a substrate solution wherein said enzyme
, linked to avidin induces a reaction with said substrate and
4 15 produces a detectable reaction product on the immobilized 
' complex; and ' ’

f. correlating said detectable reaction product on the 
' immobilized complex in the column to the presence of said

antibody to be detected.
20 16. The method of claim 15, wherein after said combined

. solution of step (c) is contacted and incubated with the
• matrix of step (a), said matrix is washed.
; 7.7. The method of claim 15, wherein the antigen is HIV
. 1·
• 25 18. The method of claim 1 or 15, wherein the assay is

performed in a pipette tip.
19. A method for detecting an antigen in a test

• biological fluid containing said antigen, comprising the
: steps of:

30 a. providing an Fc receptor antibody-binding
protein covalently bound to a porous matrix, said matrix 
being trapped within a transparent column;

\ V.
\ 's

r *
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b. providing a solution of test fluid containing 

said antigen and containing a small amount of antibody 
against said antigen in aqueous buffer;

c. contacting an incubating said solution of step 
5 (b) with said matrix of step (a) such that a complex of
antibody and antigen is immobilized by said matrix;

« · · ·
« »« ·
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d. providing 'a solution of monoclonal antibody 

modified so that it is an Fab fragment, lacking the Fc 
portion which binds to the protein but retaining its 
ability to bind said antigen, said antibody being

5 biotinylated;
e. contacting and incubating said solution of step 

(d) with the immobilized complex of step (c) such that an 
antibody-antigen-Fab antibody complex is immobilized by

• said matrix;
10 f. providing a solution of avidin, said avidin

covalently linked to an enzyme;
t g. contacting and incubating said solution of step
’«**»’ (f) with the immobilized antibody-antigen-Fab antibody
’.· ’ complex of step (e) whereby said enzyme-labelled avidin

15 reacts with said matrix complex to immobilize said enzyme
, ’ *, labelled avidin;
, , h. contacting and incubating said immobilized• t

* comple.·”, of step (g) with a substrate solution wherein said
enzyme linked to avidin induces a reaction with said

20 substrate and produces a detectable reaction product on the 
. immobilized conrolex; and4 1( *

i. correlating said detectable reaction product on< · (
* ‘ 1 the immobilized complex in the column to the presence of
>ΐ(ΐι· said antigen to be detected.

* ‘ 25 20. The method of claim 19, wherein after said enzyme-
linked avidin is contacted and incubated with said 

···· immobilized Comdex of step (e), said matrix is washed.
“**, 21. The method of claim 19, wherein the anti-antigen
* * antibody of step (b) and the anti-antigen antibody of step

30 (d) are specific for different epitopes of said antigen.
22. The· method of claim 19, Wherein the biological test

fluid lacks endogenous antibodies against said antigen.
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23. The method of claim 22, wherein the biological test 

fluid is a plant extract containing antigens of a plant 
pathogen.

24. The method of claim 23, wherein the antigen is a 
5 bacterium.

• < t• » I « i » »
» %» » tI < t
i t• · *« »
* » *β »» «

» » · »* ·
•< i * · · e «

( » e
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25. The, method of claim 24 

Corynebacterium seoedonicum.
---- 2-6-s—A—kit·——detecting—

wherein the bacterium is

antibodi-es—in—a a-l-iv a—fee-
iagnostic tests comprising:

(a) a transparent open-ended column;
(b) a pair of porous frits disposed within said 

column tosdefine a space therebetween;
(c) a. porous matrix having covalently bound thereto 

. an antibody-bind^g protein; and
10 (d) said matrix being trapped in said space between

said pair of porous f^sHxs.
27. A kit as definedMn claim 26, wherein said matrix 

comorises agarose beads. x.
28. A kit as defined in clstim 26, further comprising a 

15 removable tip at qne end of said cbiumn.
29. A kit as defined in claim 26, farther comprising the 

reagents: sample dilution buffer, biotinylated antigen, 
solution, enzyme-linked avidin solution, enkyme substrate, 
and control solutions.

20 30. A kit as defined in claim 26, further comprising the
reagents

—•and bi-otinyla^ed-'-F-ab ■ monoc-l-onal—an-t-lbody

polyclonal or monoclonal anti-antigen antibody

<iii i <
9 I Dated this 10th day of January 1992
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