PCT

WORLD INTELLECTUAL PROPERTY ORGANIZATION
International Bureau

INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TliEATY (PCT)

(51) International Patent Classification © :

(11) International Publication Number:

WO 00/21665

BO1L 3/00, C12Q 1/68, BOSD 5/12, Al . o _
GOIN 33/53, 33/553, 33/549 (43) International Publication Date: 20 April 2000 (20.04.00)
(21) International Application Number: PCT/US99/23902 | (81) Designated States: CA, US, European patent (AT, BE, CH,

(22) International Filing Date: 14 October 1999 (14.10.99)

(30) Priority Data:
60/104,263
60/145,786

us
uUs

14 October 1998 (14.10.98)
27 July 1999 (27.07.99)

(71) Applicant (for all designated States except US): ARIZONA
BOARD OF REGENTS [US/US]); Arizona State University,
Tempe, AZ 85287-6006 (US).

(72) Inventors; and

(75) Inventors/Applicants (for US only): GARCIA, Antonio, A.
[US/US]; 1642 West Morelos Street, Chandler, AZ 85224
(US). BONEN, Matthew, R. [US/US]; 1250 W. Grove
Parkway, #2056, Tempe, AZ 85283 (US).

(74) Agents: SORELL, Louis, S. et al.; Baker & Botts, LLP, 30
Rockefeller Plaza, New York, NY 10112-0228 (US).

CY, DE, DK, ES, Fi, FR, GB, GR, IE, IT, LU, MC, NL,
PT, SE).

Published
With international search report.
Before the expiration of the time limit for amending the
claims and to be republished in the event of the receipt of
amendments.

(54) Title: IMMOBILIZED SILVER IMMUNOASSAY SYSTEM

(57) Abstract

The present invention provides bioassay plates having silver ions immobilized thereon, which are useful in immunoassays for detection
of antibodies or antigens. Methods of making and using the biossay plates are also provided, as well as an apparatus for making activated

bioassay plates.




AL
AM
AT
AU
AZ
BA
BB
BE
BF
BG
BJ
BR
BY
CA
CF
CG
CH
CI
CM
CN
CU
cz
DE
DK
EE

Codes used to identify States party to the PCT on the front pages of pamphlets publishing international applications under the PCT.

Albania
Armenia
Austria
Australia
Azerbaijan
Bosnia and Herzegovina
Barbados
Belgium
Burkina Faso
Bulgaria

Benin

Brazil

Belarus

Canada

Central African Republic
Congo
Switzerland
Cote d’Ivoire
Cameroon
China

Cuba

Czech Republic
Germany
Denmark
Estonia

ES
FI
FR
GA
GB
GE
GH
GN
GR
HU
IE
IL
IS
IT
JP
KE
KG
KP

KR
KZ
LC
LI

LK
LR

FOR THE PURPOSES OF INFORMATION ONLY

Spain

Finland

France

Gabon

United Kingdom
Georgia

Ghana

Guinea

Greece

Hungary

Ireland

Israel

Tceland

Ttaly

Japan

Kenya
Kyrgyzstan
Democratic People’s
Republic of Korea
Republic of Korea
Kazakstan

Saint Lucia
Liechtenstein

Sri Lanka

Liberia

LS
LT
LU
LV
MC
MD
MG
MK

ML
MN
MR
MW
MX
NE
NL
NO
Nz
PL
PT
RO
RU
SD
SE
SG

Lesotho

Lithuania
Luxembourg

Latvia

Monaco

Republic of Moldova
Madagascar

The former Yugoslav
Republic of Macedonia
Mali

Mongolia

Mauritania

Malawi

Mexico

Niger

Netherlands

Norway

New Zealand

Poland

Portugal

Romania

Russian Federation
Sudan

Sweden

Singapore

SI
SK
SN
Sz
TD
TG
TJ
™
TR
T
UA
UG
us
Uz
VN
YU
YA

Slovenia

Slovakia

Senegal

Swaziland

Chad

Togo

Tajikistan
Turkmenistan
Turkey

Trinidad and Tobago
Ukraine

Uganda

United States of America
Uzbekistan

Viet Nam
Yugoslavia
Zimbabwe




10

15

20

25

WO 00/21665 PCT/US99/23902

~

IMMOBILIZED SILVER IMMUNOASSAY SYSTEM

Specification

Background of the Invention

Since the late 1950s, when the work of Rosalyn Yalow and Solomon Berson
(Yalow et al., 1959, Nature (London) 184:1648; Yalow et al., 1960, J. Clin. Invest
39:1157) first illuminated the possibilities of immunoassays, immunodiagnostic
techniques based on the specific interaction of antibody and antigen have become of
paramount importance in the clinical, agricultural, food, veterinary, and environmental
sectors. In 1996, it was estimated that the worldwide market of immunoassay
products was $10 billion in the clinical sector alone, and increasing at an annual rate
of 10% (Deshpande, Enzyme Immunoassay: From Concept to Product Development,
New York:Chapman & Hall, 1996). This market is driven by an ever-increasing
desire for assays of greater sensitivity and specificity, at reasonable financial costs. It
is in this environment that the specific and irreversible interaction between avidin or
streptavidin and biotin has found use.

Streptavidin, a close relative of egg white avidin, is expressed in Streptomyces
avidinii (Green, 1990, Methods in Enzymology 184:51), and both avidin and
streptavidin exhibit an affinity for biotin on the order of 10" M!. The streptavidin-
biotin system has become a widely-used tool of molecular biology in such
applications as affinity chromatography, cytometry, nucleic acid research, and
diagnostics (Diamandis et al., 1991, Clin. Chem. 37:625; Wilchek et al., 1988, Anal.
Bio Chem. 171:1). A common immunological procedure calls for the use of
streptavidin-coated microtiter plates, which are used to capture either biotinylated
antibodies or antigens. Since the assay is based on the interaction of streptavidin and
biotin, universal kit-based assay formats are possible. These universal assays are also
the basis of many automated immunological testing systems (Chan, ed., 1996,
Immunoassay Automation: An Updated Guide to Systems, San Diego: Academic

Press, 51-308). A format utilizing a microtiter-based enzyme-linked immunosorbent
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assay (ELISA) can measure a wide variety of analytes using a dual antibody or
“sandwich” immunoassay. The choice of a streptavidin-coated solid support is made
to overcome the limitations present in the direct antibody coating of polystyrene
supports, which can result in unreliable or nonuniform coating of the solid support, in
addition to the steric affects of binding upon the antibody. However, while
streptavidin systems allow for universal ELISA kits and can improve assay sensitivity,
coated plates can be costly.

Research examining the behavior of biotin has found that immobilized silver
ions will bind biotinylated compounds both strongly and, in this case, reversibly. This
research has been done with both immobilized metal affinity chromatography (IMAC)
(Garcia et al., 1994, Reactive Polymers 23:249; Kim et al., 1995, Art. Cells, Blood
Subs., and Immob. Biotech. 23:555; Miles et al., 1995, J. Chromatogr. A. 702: 173)
and paramagnetic particles (Ramirez-Vick, 1997, Ph.D. Dissertation, Arizona State
University, Tempe, AZ). It has been discovered in accordance with the present
invention that immobilized silver ions can be used in an immunoassay format to

provide a sensitive and inexpensive universal assay.

Summary of the Invention

The present invention provides an immunoassay system comprising bioassay
plates having silver immobilized thereon. The present invention further provides a
method of making bioassay plates having silver immobilized thereon.

In another embodiment, the present invention provides a method for detecting
an antigen or antibody, and a kit useful for the detection of an antigen or antibody.

An apparatus for providing activated bioassay plates is also provided by the

present invention.

Brief Description of the Drawings

Fig. 1is a graph depicting the sensitivity of a microtiter plate having silver
immobilized thereon.

Fig. 2 is a schematic of an immunoassay utilizing microtiter plates having

silver immobilized thereon, and biotinylated capture antibodies.
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Fig. 3 is a graph providing a kinetic analysis of a horseradish peroxidase
immunoassay.

Fig. 4 is a schematic of a checkerboard assay.

Fig. 5 shows the results of a checkerboard assay.

Fig. 6 is a schematic depicting the arrangement of activated and control wells
of a microtiter plate.

Fig. 7 is a graph of immunoassay results comparing a streptavidin method
with the silver method of the present invention.

Fig. 8 isa flow diagram describing the apparatus of the present invention.

Fig. 9 is a side view of the apparatus of the invention.

Fig. 10 is a diagram of the liquid handling system of the invention.

Figs. 11a-11c are diagrams of the liquid transfer manifold of the invention.
Fig. 1lais a side view of the reagent addition stage and vacuum stage; Fig. 11bisa

front view of the reagent addition stage; Fig. 11c is a front view of the vacuum stage.

Detailed Description of the Invention

The present invention provides an immunoassay system comprising bioassay
plates having silver, in particular silver ions, immobilized thereon. The invention
further provides methods of making and using such bioassay plates. The bioassay
plates and immunoassay of the present invention are useful for the detection of
antibodies and antigens, and provide cost and sensitivity advantages relative to the
streptavidin-coated bioassay plates of the prior art.

The bioassay plates used in the present invention are microwell, or microtiter,
plates known in the art for immunoassays, and are commercially available.
Conventional microwell plates are 96-well microplates having wells arranged on an
8 x 12 matrix on 9 mm centers. Each well holds approximately 300 microliters. 384-
well plates are also available, in which the wells are arranged in a 16 x 24 matrix on a
4.5 mm center, with each wells having a brim volume of approximately 80
microliters. Well plates defined by larger matrices, e.g. 1536 well plates, are also

available. The number and configuration of the wells are not critical to the present
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invention, and are used by way of example only. The bioassay plates used in
accordance with the present invention are plastic, and preferably polystyrene.

Bioassay plates having silver ions immobilized thereon are made by a method
comprising functionalizing a multi-well bioassay plate to provide an amine-containing
bioassay plate, adding polymerized glutaraldehyde to the wells of the plate for a time
and under conditions whereby the amines are activated by glutaraldehyde, rinsing the
plates with an aqueous solution, adding thiourea to the wells of the plate for a time
and under conditions whereby the thiourea is reacted with a glutaraldehyde moiety of
the glutaraldehyde-activated bioassay plate, rinsing the plate with an aqueous solution,
and contacting the plate with silver ions for a time and under conditions whereby the
silver ions are immobilized on said plate.

The bioassay plate may be constructed of any material that can be
functionalized to contain an amine group. In a preferred embodiment, the multi-well
bioassay plate is a plastic multi-well bioassay plate. For example, the plate may be
made of polystyrene, polyethylene, polypropylene, or other primary polymers or
composite resins. Polystyrene is particularly preferred. Methods for functionalizing
these materials to contain an amine group are known in the art. For example, a
polystyrene bioassay plate can be functionalized to contain an amine group by
methods known in the art and disclosed for example in Immobilized Affinity Ligand
Techniques, Hermanson et al., eds., San Diego: Academic Press, 1992, the disclosure
of which is incorporated herein by reference. Aminated polystyrene bioassay plates
are also commercially available, for example from Corning (Corning, NY), NUNC
(Denmark) and Micro Membranes (Newark, NJ). Preferably the plate is amidated or
aminated to contain from about 1 x 10" to 1 x 10" amine sites per cm’.

Polymerized glutaraldehyde may be prepared by allowing glutaraldehyde
(25 wt %) to polymerize, for example for from 1 to 36 hours at from 23°C to 70°C.

In a preferred embodiment polymerization is at 70°C for about 24 hours. The
polymerized glutaraldehyde is added to the wells of the plate and incubated under
conditions whereby a glutaraldehyde-activated plate is produced, for example for from
1 to 36 hours at from 23°C to 70°C. In a preferred embodiment, incubation is at 35 to

50°C for 1 to 24 hours, and more preferably at about 37°C for about 24 hours. The
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plate is rinsed with an aqueous solution, for example. deionized water, to remove
unreacted glutaraldehyde. The wells of the plate are then filled with thiourea, for
example from 0.01M to 1M solution, and preferably a IM solution, under conditions
suitable for reaction with the glutaraldehyde moiety, for example for from 1 to 36
hours at from 23°C to 70°C. In a preferred embodiment at, incubation is for 1 to 24
hours at 35 to 50°C, and more preferably about 24 hours at about 37°C. The plate is
rinsed with an aqueous solution, for example deionized water, to remove unreacted
thiourea.

Silver ions, preferably in the form of silver nitrate, are then added to the plate
under conditions whereby silver ions are immobilized on the plate, for example for
from 1 to 36 hours at from 23°C to 70°C. In a preferred embodiment, incubation is
for about 24 hours at about 37°C. The plates are then rinsed with an aqueous
solution, for example deionized water, and may be stored until use, preferably in an
opaque sleeve.

The bioassay plates having silver ions immobilized thereon are useful in a
method for detecting an antigen or an antibody. It has been discovered in accordance
with the present invention that the silver ions immobilized on bioassay plates are
capable of strong binding to biotinylated antibodies and antigens. Accordingly, the
plates of the invention may be used in standard enzyme-linked immunosorbent assays
(ELISAs). For example, a bioassay plate having silver ions immobilized thereon is
incubated with biotinylated antibody to provide a bioassay plate having the antibody
immobilized thereon. After washing with an aqueous solution, the plate is incubated
with a solution containing the cognate antigen under conditions whereby the antigen
binds to the immobilized antibody, followed by another washing step. The antigen is
then detected, for example by subsequent incubation with a labeled antibody having
specificity for the antigen. Detectable labels for antibodies are known in the art and
include radiolabels, fluorescent tags, and enzyme conjugates. In a preferred
embodiment, the aqueous solution contains deionized water and Tween
(polyoxyethylene sorbitan monolaurate).

An antibody may be detected using the plates of the present invention in an

indirect ELISA assay. For example, a bioassay plate having silver ions immobilized
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thereon is incubated with a biotinylated antigen to Iprovide a bioassay plate having the
antigen immobilized thereon. After washing with an aqueous solution, the plate is
incubated with a solution containing the cognate primary antibody under conditions
whereby said antibody binds to the immobilized antigen. After incubation and
washing, a labeled secondary antibody is added and incubated under conditions
whereby it binds to the primary antibody. After washing, the secondary antibody is
detected, wherein detection thereof indicates the presence of the primary antibody.
Detectable labels for antigens are known in the art and include radiolabels, fluorescent
tags, and enzyme conjugates. In a preferred embodiment, the aqueous solution
contains deionized water and Tween.

Conditions for biotinylating antibodies and antigens are well known in the art
and disclosed, for example, by Bayer et al., “Protein Biotinylation” (1990) Methods in
Enzymology 184:138 and O’Shannessy “Antibodies Biotinylated via Sugar Moieties”
(1990) Methods in Enzymology 184:162, the disclosures of which are incorporated
herein by reference. Conditions for performing ELISAs are well-known in the art and
disclosed, for example, by Harlowe, et al., (1988) Antibodies: A Laboratory Manual,
Cold Spring Harbor Laboratory Press, Cold Spring Harbor, N'Y, the disclosure of
which is incorporated herein by reference.

The present invention further provides a kit useful for the detection of an
antigen or antibody. The kit comprises, in a first container, a bioassay plate having
silver ions immobilized thereon. In a preferred embodiment, the bioassay plate is a
polystyrene multi-well plate. The kit may optionally contain a second container
containing a biotinylated antibody or a biotinylated antigen. The kit may optionally
contain a third container containing labeled antibody, when the second container
contains a biotinylated antibody, or a labeled secondary antibody, when the second
container contains a biotinyiated antigen.

The present invention further provides an apparatus useful for the automated
production of microplates having modified surface chemistry. As shown by the flow
diagram in Fig. 8, the apparatus provides for filling the wells of a microplate with a
reagent in an addition/withdrawal chamber; conveying the microplate to an incubation

chamber in which the microplate is sealed, heated and agitated, and unsealed;
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conveying the microplate to the addition/withdrawal chamber for evacuation of
reagent, washing, and addition of a second reagent; conveying the microplate to the
incubation chamber for sealing, heating and agitation, and unsealing; conveying the
microplate to the addition/withdrawal chamber for evacuation of reagent and washing;
followed by subsequent cycles of reagent addition and incubation, or conveyance of
the microplate out of the machine.

In a preferred embodiment, and with reference to Figs. 9, 10, 11a, 11b and
11c, the apparatus comprises a housing having disposed therein a reagent
addition/withdrawal chamber (1) and an incubation chamber (2). Microplates are
conveyed into and between the chambers by means of a plate holder (3) movable
horizontally by a plate holder track (4). Reagents and wash solution are provided in
storage containers (5) connected by reagent lines (13) to the dispense portion ofa
manifold (6) which delivers reagent and wash solution by dispense lines (7) by means
of a liquid pump (11). After reagent addition, microplates positioned on the plate
holder (3) are conveyed via the plate holder track (4) into the incubation chamber (2).
The microplate is sealed by a non-reactive sealing plate (13) delivered vertically. The
incubation chamber further provides a means for heating and agitating the microplate
(14). After a time predetermined by the user, the microplate is conveyed to the
reagent addition/withdrawal chamber (1) via plate holder track (4). Spent reagent is
removed through aspirator lines (8) and withdrawn by the aspirate portion of the same
manifold (6) by means of a vacuum pump (9) through waste lines (12) to a waste
container (10). Wash solution is added through the dispense portion of the manifold
(6) which delivers wash solution through dispense lines (7). Wash solution is
removed through aspirator lines (8) and withdrawn by the aspirate portion of manifold
(6) by means of a vacuum pump (9) through waste lines (12) to a waste container (10).

The foregoing steps are carried out in an automatic programmed manner under
the control of electronic circuitry contained in the housing.

All references cited herein are incorporated in their entirety.

The following examples serve to further illustrate the present invention.
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Example 1

A polystyrene 96 well microtiter plate aminated to provide approximately 2 x
10" active amine sites per cm® was obtained from Corning (Corning, NY).
Glutaraldehyde (25 wt %) which had been allowed to polymerize at 70°C for 24 hours
was added to each well of the microplate, which was then incubated at 37°C for 24
hours to facilitate plate activation. The plate was then rinsed with deionized water
and wells filled with a 1M solution of thiourea, followed by an additional 24 hour
period of incubation at 37°C. After another rinsing of the plate, a 1M solution of
silver nitrate was allowed to contact the plate during another 24 hour incubation at
37°C. The plate was then rinsed extensively.

The biotin-binding capability of such an immobilized silver microtiter plate
was tested as follows. A complete plate was assembled from stripwells, using
alternating strips of unactivated and silver-containing wells, where the silver-
containing strips were in the odd-numbered rows and the unactivated strips were in
the even-numbered rows. The test consisted of the binding of biotinylated horseradish
peroxidase (pHRPO), which was detected using the chromogenic reaction of 2,2'-
azino-bis(3-ethylbenzthiazoline-6-sulfonic acid) diammonium salt (ABTS®). This
was a one-step, unamplified assay; 150 ul of the bHRPO solution was added to the
wells using doubling dilutions, and allowed to bind for one hour. Following this, the
plates were rinsed with deionized water and the ABTS® in citrate buffer was added.
The developed color in the wells was read after one hour at room temperature using a
BioRad Benchmark Microplate Reader set at 415 nm. The plate setup and moles of

bHRPO corresponding to each dilution are shown in Tables I and II, respectively.
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1 2 3 5 7 8 9 10 11 12
no bHRPO no bHRPO no bHRPO no bHRPO no bHRPO no bHRPO
no bHRPO 1/1 1/64 174096 1/262144 no bHRPO
no bHRPO 1/2 1/128 1/8192 1/524288 no bHRPO
no bHRPO 1/4 1/256 1/16384 1/1048576 no bHRPO
no bHRPO/ABTS 1/8 17512 1732768 1/2097152 no
bHRPO/ABTS
no bHRPO/ABTS 1/16 1/1024 1/65536 1/4194304 no
bHRPO/ABTS
no bHRPO/ABTS 1/32 172048 1/131072 1 /8388608 no
bHRPO/ABTS
no bHRPO/ABTS no no bHRPO/ABTS no bHRPO/ABTS | no bHRPO/ABTS no
bHRPO/ABTS bHRPO/ABTS
TABLE I
Dilution Grams bHRPO Moles bBHRPO
1/1 2.40E-06 5.33E-11
1/2 1.20E-06 2.67E-11
1/4 6.00E-07 1.33E-11
1/8 3.00E-07 6.67E-12
1/16 1.50E-07 3.33E-12
1/32 7.50E-08 1.67E-12
1/64 3.75E-08 8.33E-13
17128 1.88E-08 4.17E-13
1/256 9.38E-09 2.08E-13
1/512 4.69E-09 1.04E-13
1/1024 2.34E-09 5.21E-14
1/2048 1.17E-09 2.60E-14
1/4096 5.86E-10 1.30E-14
1/8192 2.93E-10 6.51E-15
1/16384 1.46E-10 3.26E-15
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TABLE I1
Dilution Grams bHRPO Moles bHRPO
1/32768 7.32E-11 1.63E-15
1/65536 3.66E-11 8.14E-16
1/ 1E+05 1.83E-11 4.07E-16
1/3E+05 9.16E-12 2.03E-16
1/ SE+05 4.58E-12 1.02E-16
1/ 1E+06 2.29E-12 S.09E-17
1/2E+06 1.14E-12 2.54E-17
1/ 4E+06 5.72E-12 1.27E-17
1/ 8E+06 2.85E-13 6.36E-18

After applying statistical curve fitting techniques, a concentration activity
curve was generated and is shown in Figure 1. Results are presented in terms of
moles of bBHRPO. As demonstrated therein, the detection limit of this system
approaches femtomolar levels, even using an unamplified system. The typical
Gaussian response curve of ELISA is also seen in Figure 1, which further
demonstrates that the maximum sensitivity of this assay occurs at bHRPO levels of 2

x 107" moles.

Example 11

Example I demonstrated that immobilized silver microtiter plates are capable
of binding biotin and a biotinylated antigen. This example demonstrates that
biotinylated capture antibodies can be bound to immobilized silver microtiter plates
and used for antigen capture.

Immobilized silver microtiter plates were prepared as described in Example I.
The plates were incubated with biotinylated anti-peroxidase antibodies (Jackson
Immunological) at an antibody concentration of 1.2 mg/ml diluted 1:100, with
addition of 150 microliters to each well for an hour. After washing the plates with 50
mM phosphate buffer with 0.1% v/v Tween 20 detergent (Phosphate/Tween buffer),

the enzyme horseradish peroxidase (Sigma) was added, in the amounts shown in
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Table III, for one hour incubation. Phosphate/Tweeh buffer was used as the dilution
buffer in the assay.

The results of eight assays of the type shown in Figure 2 are presented in
Figure 3, along with 20 error limits. The data for the immunoassays is shown in
Table 111, using the eight simultaneous assay replications for a basic statistical
analysis. Figure 3 uses kinetic rates to determine the detection of enzyme, which
allows for a linear fit of the data when presented on a semi-log plot using the dilution
number of the initial enzyme solution. At the initial dilutions, the margin of error is
rather high, due to the high amounts of enzyme in the initial solution (2.56 x 10"
moles per well) producing extremely rapid kinetics. As the enzyme goes through
doubling dilutions, the kinetics are measured more easily and the precision of the
assay improves at dilution number 16 (1.6 x 10"'? moles per well). The detection limit
of this assay is in the region of dilution number 1000 (0.25 femtomoles), which
approaches the theoretical detection limit of the enzyme substrate system being used.

(Deshpande, Enzyme Immunoassays: From Concept to Product Development, New
York, Chapman & Hall (1996), 1-422.

TABLE Il

Kinetic Inmunoassay Data

Dilution HRPO HRPO Kinetic

Number (g/well) (mol/well) Rate 20 Limits
1 1.13E-06 2.56E-11 927.65 286.73
2 5.63E-07 1.28E-11 773.66 253.20
4 2.81E-07 6.40E-12 666.47 95.75
8 1.41E-07 3.20E-12 598.88 97.22
16 7.03E-08 1.60E-12 551.07 61.58
32 3.52E-08 8.00E-13 452.40 25.79
64 1.76E-08 4.00E-13 361.72 24.07
128 8.79E-09 2.00E-13 277.00 20.58

256 4.39E-09 1.00E-13 193.03 2747
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TABLE III

Kinetic Inmunoassay Data

Dilution HRPO HRPO Kinetic

Number (g/well) (mol/well) Rate 20 Limits
512 2.20E-09 5.00E-14 128.36 49.72
1024 1.10E-09 2.50E-14 80.85 53.07
2048 5.49E-10 1.25E-14 65.28 62.02
4096 2.75E-10 6.25E-15 60.26 61.08
8192 1.37E-10 3.12E-15 62.54 60.02
16384  6.87E-11 1.56E-15 52.25 78.54
32768  3.43E-11 7.81E-16 46.92 83.12
65536  1.72E-11 3.91E-16 36.93 69.52
131072 8.58E-12 1.95E-16 40.52 69.90

The basis of the foregoing is the assumption that the enzyme binds only to the
antibodies, which specifically select it from the test solution. In order for this to be
valid, background binding of the enzyme to the plate must be at insignificant levels.
In order to determine this, a checkerboard assay was performed (Deshpande, supra).
The assay arrangement is shown in Figure 4. When performed, the initial
concentrations of the antibody and the enzyme were the same as described above, as
were all buffers and incubation periods. The checkerboard assay, which is primarily
visual, is a means to determine the effect of the antibody concentration and the
enzyme concentration on the assay results. As seen in Figure 5, the enzyme only
binds when antibody is present in the well. As antibody concentrations decrease
horizontally across the plate, enzyme binding falls rapidly, as shown by the absence of
color on the right side of the plate, even at the extreme enzyme concentrations

introduced into row A.
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Example II1

The foregoing examples demonstrate that immobilized silver is capable of
binding biotin in the bHRPO assay and that effective immobilization of capture
antibodies in the immobilized silver microplate wells is possible. In the present
example, the silver ion immunoassay format is then compared to the current
streptavidin technology used to bind biotinylated antibodies. Plates coated with
streptavidin (Xenopore, XPS 010 00) were obtained for this purpose. These plates
represent the best of the currently available products since they feature a covalent
linkage between the streptavidin and the plate surface, and are also blocked with a
proprietary nonbiotinylated protein to inhibit background binding. No blocking
agents are used on the silver plates. A side by side comparison with an immobilized
silver plate prepared according to Example I was performed as follows.

Both the streptavidin plate and the silver plate were hydrated and rinsed with
50 mM pH 7 phosphate buffer. The wells in the plates were filled to capacity with
buffer and allowed to stand at room temperature for 10 minutes. The plates were then
rinsed twice with the same buffer.

Biotinylated anti-peroxidase antibodies (Jackson Immunological) were used to
coat the plates. In this assay, 150 ul of antibody solution (1.2 mg/ml) diluted to 1:100
was added to the wells in the odd numbered columns. The even numbered columns
were used as control wells, and were filled with 150 pl of buffer. This arrangement of
activated and control wells is shown in Figure 6. The buffer used to dilute the
antibodies and fill the control wells was 50 mM pH 7 phosphate buffer with 0.1% v/v
Tween 20 Phosphate/Tween) added to inhibit any hydrophobic binding in the plates.
The plates were then covered and allowed to stand at room temperature for 1.5 hours.

Both plates were thoroughly washed using a Bio-Rad Plate Washer filled with
Phosphate/Tween buffer as the wash buffer. Horseradish peroxidase (Sigma) was
used as the antigen in this test. A solution of peroxidase was created by adding 8 x
10*g of the enzyme to 10 ml of Phosphate/Tween. 1 ml of this solution was then
added to 9 ml of buffer. 300 pl of the diluted enzyme solution was added to wells
Al, A2, AS, A6, A9, and A10. The amount of enzyme added to these primary wells
is shown in Table IV. The remainder of the wells were filled with 150 pl of
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Phosphate/Tween. For Test 1, 150 pul of solution waS withdrawn from Al and A2 and
diluted into B1 and B2. This procedure was repeated down the plate, with the
solution from H1 and H2 carried to wells A3 and A4. Tests 2 and 3 were performed
in a similar fashion. After all of these doubling dilutions were complete, the plates
were covered and allowed to stand at room temperature for 1 hour.

For enzyme detection the plates were first washed using the automated plate
washer with Phosphate/Tween. Then, 150 pl of an ABTS solution was added to each
well in the plate, and the rate of formation of the colored product read at 415 nmin a
Bio-Rad Benchmark Microplate Reader. Readings took place every 15 seconds for 5
minutes. The ABTS solution was made by adding 17 mg of ABTS to 100 ml of 50
mM pH 5 citrate buffer. Immediately before use, 100 ul of 3% hydrogen peroxide
was added to the solution to catalyze the enzymatic reaction.

The raw data for these experiments is presented in Table IV and Table V.
Using the average of the normalized tests, a plot comparing the streptavidin plate to
the silver plate was prepared. The data points shown on the graph in Figs. 7 are the
average values of the normalized tests shown in Tables IV and V. The exception to
this are the data points taken at Dilution 1, which were replaced by the values
representing the asymptotic approach of the immunoassays as determined from the
preceding points. From this, the maximum kinetic rate achievable in the silver plate
is 375, versus 150 in the streptavidin plate. Due to the approach to a final value at
high levels of enzyme, this difference is due to the amount of capture antibody on the
plate. The silver plate binds more functional capture antibody, and thus is able to
bind more enzyme when excess enzyme is present. Assuming that each antibody
captures an average of 1.5 enzyme molecules, it is possible to estimate that the silver
plate has approximately twice as many biotinylated antibody binding sites available.
The ultimate detection limits of both plates is the same, however, and approaches
femtomolar levels. This is the limit of the enzyme/substrate detection system being

used.
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Silver Plate Immunoassay Data
Dilution HRPO Test 1 Test2 Test3 Test 1 Test 2 Test 3 Average
Number (mol/well)
Antibody  Control Antibody Control Antibody  Control Normalized ~ Normalized ~ Normalized

1 2.73E-11 283E+02  2.52E+01  2.38E+02 183E+01  290E+02  25SE+01  2.58E+02  220E+02  265E+02  247E+02
2 137E-11 I8TEH02  1SSE0]  3.46E+02 LISEX01  3.94E+02  1T3E+01  37IE+02  334E+02  3.76E+02  3.61E+02
4 6.83E-12 36TE+02  9.82E+00  3.76E+02  T.SSE+00  38IE+02 122401  3SSEH02  368E+02  3.69E+02  3.65E+02
8 341E-12 336E+02  6.04E+00  344E+02  420E+00  3.63E+02  87IE+00  330E+02  3.40E+02  3.54E+02  3.4IE+02
16 1.71E-12 307E+02  5.74E+00  299E+02  337E+00  343E+02  7.77E+00  301E+02  296E+02  336E+02  3.11E+02
32 8.53E-13 267B+402  150E+01  270E+02  177E+00  290E+02  7.32E+00  2.52E+02  2.68E+02 28302 2.68E+02
64 427E-13 2086402 283E+00  216E+02  2.11E+00  228E+02  S.S53E+00  2.05E+02 214402 222E+02  2.17E+02
128 2.13E-13 1.61E+02 1.49E+00 1.53E+02 2.30E+00 1.50E+02 7.92E+00 1.60+02 1.S1E+02 1.42E+02 1.51E+02
256 1.07E-13 738E+0)  1.04E+00  T.A8E+0l  499E+00  7.39E+01  202E+00  727E+01  6.68E+01  7.18E+0l 7.05E+01
512 533E-14 S20E+01  135E400  4.73E+01  257E+00  S37E+01  232E+00  S.OGE+0I  448E+01  S5.14E+0] 4.89E+01
1024 2.67E-14 281E+01  149E+00  233E+01  483E+00  2.7SE+0I  3.26E+00  2.67E+01 18SE+01  243E+01 231401
2048 1.33E-14 L20E+01  1.96E+00  134E+01 S7TE+00  143E+01  4.13E+00  100E+01  7.68E+00 1.02E+0 9.30E+00
4096 6.67E-15 6.66E+00  191E+00  1.0SE+0I 83SE+00  S6IE+00  530E+00  475E400  21SE+00  331E+00  3.41E+00
8192 3.33E-15 473E+00  1.49E+00  1.03E+01 884E+00  3.03E+00  4.65E+00  324E+00  143E+00  -1.62E+00  1.02E+00
16384 1.67E-15 293400  241E+00  TOTEH00  G6.65E+00  6.78E+00  6.25E+00  5.22E-01 428E-01 5.25E-01 4.92E-01
32768 8.33E-16 212E400  386E+00  S24E+00  5.19E+00  695E+00  B4SE400  -L74E400  482E-02 -1S3E400  -1.07E400
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TABLE V
Streptavidin Plate Inmunoassay Data
Dilution HRPO Test 1 Test2 Test3 Test | Test 2 Test 3 Average
Number (mol/well)
Antibody  Control Antibody Control Antibody Control Normalized Normalized  Normalized

5 2.713E-11 1.36E+02 6.50E+00 1.33E+02 8.55E+00 1.29E+02 5.50E+00 1.29E+02 1.24E+02 1.24E+02 1.26E+02

2 1.37E-11 1.74E+02 8.61E+00 1.24E+02 3.46E+00 1.75E+02 7.26E+00 1.65E+02 1.20E+02 1.68E+02 1.51E+02

4 6.83E-12 1.74E+02 1.96E+00 1.51E+02 2.29E+00 1.49E+02 2.06E+01 1.72E+02 1.49E+02 1.28E+02 1.50E+02

8 3.41E-12 1.62E+02 1.47E-01 1.34E+02 1.02E+00 1.38E+02 4.83E-01] 1.62E+02 1.33E+02 1.38E+02 1.44E+02

16 1.71E-12 1.62E+02 ~2.36E-01 1.40E+02 3.03E-02 1.30E+02 -2.53E-01 1.62E+02 1.40E+02 1.30E+02 1.44E+02
1 Q 8.53E-13 1.49E+02 -8.89E-01 1.16E+02 6.89E-01 1.31E+02 -1.41E+00 1.50E+02 1.16E+02 1.33E+02 1.33E+02

64 4.27E-13 1.23E+02 -6.99E-01 1.28E+02 3.23E-01 1.05E+02 -1.26E+00 1.24E+02 1.28E+02 1.06E+02 1.19E+02

128 2.13E-13 1.04E+02 -1.47E-01 1.0JE+02 -8.88E-01 8.99E+01 -2.0SE+00 1.04E+02 1.02E+02 9.20E+01 9.93E+01

256 1.07E-13 3.86E+01 8.42E-01 5.01E+01 1.06E+00 4.32E+01 5.47E-01 3.78E+01 491E+01 4.26E+01 4.32E+01

512 5.33E-14 3.95E+01 1.37E+00 3.31E+01 7.59E-02 4.04E+01 6.97E-02 3.81E+01 331E+01 4.03E+01 3.72E+01
1 524 2.67E-14 2.45E+01 1.38E+00 2.02E+01 -1.67E-01 2.45E+01 5.45E-01 2.31E+0] 2.03E+01 2.40E+01 2.25E+01

2048 1.33E-14 1.29E+01 6.25E-01 9.56E+00 -8.19E-01 1.22E+01 1.06E-0! 1.23E+01 1.04E+01 1.21E+01 1.16E+01

4096 6.67E-15 5.97E+00 -3.87E-01 4.76E+00 -1.42E+00 6.07E+00 -3.69E-01 6.36E+00 6.18E+00 6.44E+00 6.33E+00

8192 3.33E-15 2.75E+00 -3.01E-0} 1.47E+00 -2.08E+00 3.18E+00 -6.08E-02 3.05E+00 3.55E+00 3.24E+00 3.28E+00

16384 1.67E-15 1.25E+00 -9.64E-01 1.64E-01 -1.36E+00 -2.02E+00 -9.85E-01 2.21E+00 1.52E+00 -1.04E+00 8.97E-01
29763 8.33E-16 1.07E+00 -1.22E+00 -2.82E-01 -1.87E+00 -9.76E-01 -2.00E+00 2.29E+00 1.58E+00 1.02E+00 1.63E+00
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Claims

A bioassay plate having silver ions immobilized thereon.

The bioassay plate of Claim 1 wherein said plate is a polystyrene plate.

The bioassay plate of Claim 2 wherein said plate is a multi-well plate.

The bioassay plate of Claim 2 wherein said plate is a 96-well

microplate.

A multi-well bioassay plate having silver ions immobilized thereon
made by a method comprising:

functionalizing a multi-well bioassay plate to provide an amine -
containing bioassay plate;

adding a polymerized glutaraldehyde to the wells of said plate and
maintaining for a time and under conditions to provide a
glutaraldehyde - activated bioassay plate;

rinsing said plate with an aqueous solution;

adding thiourea to the wells of said plate and maintaining for a time
and under conditions whereby the thiourea reacts with the
glutaraldehyde moiety of said glutaraldehyde-activated bioassay plate;
rinsing said plate with an aqueous solution; and

contacting said plate with silver ions for a time sufficient to immobilize

said silver ions on said plate.

The multi-well bioassay plate of Claim 5 wherein said polymerized
glutaraldehyde is prepared by allowing 25 wt % glutaraldehyde to
polymerize at about 70°C for about 24 hours.
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7. The multi-well bioassay plate of Claim 5 wherein said polymerized
glutaraldehyde is maintained in the wells of said plate at about 37°C

for about 24 hours.

8. The multi-well bioassay plate of Claim 5 wherein said thiourea is

maintained in the wells of said plate at about 37°C for about 24 hours.

9. The multi-well bioassay plate of Claim 5 wherein said silver ions are

added to said plate in the form of silver nitrate.

10. A method of making a multi-well bioassay plate having silver ions
immobilized thereon comprising the steps of:

a) functionalizing a multi-well bioassay plate to provide an amine-
containing bioassay plate;

b) adding a polymerized glutaraldehyde to the wells of said plate and
maintaining for a time and under conditions to provide a
glutaraldehyde - activated bioassay plate;

c) rinsing said plate with an aqueous solution;

d) adding thiourea to the wells of said plate and maintaining for a time
and under conditions whereby the thiourea reacts with the
glutaraldehyde moiety of said glutaraldehyde activated bioassay plate;

e) rinsing said plate with an aqueous solution; and

f) contacting said plate with silver ions for a time sufficient to immobilize

said silver ions on said plate.

11. The method of Claim 10 wherein said polymerized glutaraldehyde is
prepared by allowing 25 wt % glutaraldehyde to polymerize at about
70°C for about 24 hours.

12. The method of Claim 10 wherein said polymerized glutaraldehyde is

maintained in the wells of said plate at about 37°C for about 24 hours.
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The method of Claim 10 wherein said thiourea is maintained in the

wells of said plate at about 37°C for about 24 hours.

The method of Claim 10 wherein said silver ions are added to said

plate in the form of silver nitrate.

A method for detecting an antigen comprising the steps of:

incubating a multi-well bioassay plate having silver ions immobilized
thereon with a biotinylated antibody having specificity for said antigen
to provide a bioassay plate having said antibody immobilized thereon;
incubating said plate with a solution containing said antigen;

washing said plate with an aqueous solution;

incubating said plate with a labeled antibody having specificity for said
antigen;

washing said plate with an aqueous solution; and

detecting said label, wherein detection of said label is indicative of the

presence of said antigen.

A method for detecting a first antibody comprising the steps of:
incubating a multi-well bioassay plate having silver ions immobilized
thereon with a biotinylated antigen that is reactive with said first
antibody to provide a bioassay plate having said antigen immobilized
thereon;

incubating said plate with an aqueous solution containing said first
antibody;

washing said plate with an aqueous solution;

incubating said plate with an aqueous solution containing a labeled
second antibody that binds to said first antibody;

washing said plate with an aqueous solution; and
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detecting said label, wherein detection of said label is indicative of the

presence of said first antibody.

A kit for the detection of a first antibody comprising a first container

containing a bioassay plate having silver ions immobilized thereon.

The kit of Claim 17 further comprising a second container containing a

biotinylated antigen that is reactive with said first antibody.

The kit of Claim 18 further comprising a third container containing a

labeled second antibody that binds to said first antibody.

A kit for the detection of an antigen comprising a first container

containing a bioassay plate having silver ions immobilized thereon.

The kit of Claim 20 further comprising a second container containing a

biotinylated antibody having specificity for said antigen.

The kit of Claim 21 further comprising a third container cbntaining an

antibody having specificity for said antigen.

An apparatus for activating microplates comprising:

a housing;

a reagent addition/withdrawal chamber disposed in said housing, said
reagent addition/withdrawal chamber including reagent and wash
storage containers in communication with a manifold, said manifold in
communication with dispense lines disposed to deliver wash and
reagent to a microplate, and further including aspirate lines in
communication with the manifold, said manifold in communication
with a waste container, said aspirate lines disposed to aspirate spent

reagent from said microplate;
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an incubation chamber disposed in said housing, said incubation
chamber including a means for vertically delivering a non-reactive
sealing plate to said microplate, and a means for heating and agitating
said microplate.

a means for horizontally conveying a microplate into and out of said
addition/withdrawal chamber and between said addition/withdrawal

chamber and said incubation chamber.
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