US 20140349872A1

a9y United States

12) Patent Application Publication (o) Pub. No.: US 2014/0349872 A1

Evans et al.

(43) Pub. Date: Nov. 27, 2014

(54)

(1)

(72)

(73)

1)
(22)

(63)

(60)

SYSTEMS AND METHODS FOR
IMMUNOSORBENT ASSAY FOR SINGLE
AND MULTIPLE ANALYTES

Applicants:Norman Scott Evans, Arlington, TX
(US); Derrick Charbonnet, Ocean
Springs, MS (US)

Inventors: Norman Scott Evans, Arlington, TX

(US); Derrick Charbonnet, Ocean

Springs, MS (US)

Assignee: CHIPOTLE BUSINESS GROUP,

INC., Arlington, TX (US)

Appl. No.: 14/285,900

Filed: May 23, 2014

Related U.S. Application Data

Continuation-in-part of application No. 12/848,983,
filedon Aug. 2, 2010, now Pat. No. 8,735,142, which s
a continuation-in-part of application No. 11/506,178,
filed on Aug. 16, 2006, now Pat. No. 7,767,404.

Provisional application No. 60/708,459, filed on Aug.
16, 2005, provisional application No. 60/708,576,
filed on Aug. 16, 2005, provisional application No.
60/709,268, filed on Aug. 18, 2005.

Publication Classification

(51) Int.CL
GOIN 33/536 (2006.01)
(52) US.CL
(@ R GOIN 33/536 (2013.01)
10) R 506/9
(57) ABSTRACT

Systems and methods for minimizing or eliminating steps in
immunosorbent assays for single and multiple analytes by
eliminating the need to attach target molecules to test well and
the need to remove unbound antibodies through rinsing.
Immunosorbent assay (ISA) is utilized for a single analyte
and includes the step of mixing the immunologic molecules
with the sample and detection. Immunosorbent assay for
multiple analytes for testing a plurality of analytes in a single
well is disclosed using a modified ISA test wherein different
tags are attached to different antibody pairs. Alternate
embodiments use multiple types of scavenger antigens with
corresponding elimination of the need for scavenger antibod-
ies. Various types of test wells are disclosed for rapid and
simultaneous testing of fluids for a plurality of components
and methodology for continuous immunosorbent assay.
Method for immunosorbent assay of an analyte object having
a plurality of distinct target antigens is also disclosed.
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Fig. 13
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SYSTEMS AND METHODS FOR
IMMUNOSORBENT ASSAY FOR SINGLE
AND MULTIPLE ANALYTES

CROSS REFERENCE TO CORRESPONDING
APPLICATIONS

[0001] This application claims the benefit under 35 USC
§120 of co-pending U.S. patent application Ser. No. 12/848,
983 filed Aug. 2, 2010, which further claims the benefit under
35 USC §120 of U.S. patent application Ser. No. 11/506,178
filed Aug. 16, 2006 (now U.S. Pat. No. 7,767,404), which
further claims the benefit under 35 USC §119(e) of U.S.
Provisional Patent Application Ser. No. 60/708,459 filed Aug.
16, 2005; U.S. Provisional Application Ser. No. 60/708,576
filed Aug. 16,2005; and U.S. Provisional Application Ser. No.
60/709,268 filed Aug. 18, 2005, the full disclosures of which
are incorporated herein by reference.

BACKGROUND OF THE INVENTION

[0002] A vast number of biomolecules and biological enti-
ties (such as proteins and other complex molecules, and bac-
teria, fungal cells and other cell types) can be detected using
immunologic techniques. Common among these tests, and
well-known in the art, are ELISA (Enzyme-Linked Immun-
oSorbent Assay) tests. Typically an ELISA test’s target (the
antigen) has molecular properties for which binding domains
of antibodies have affinity.

[0003] Antibodies are molecules that “fit” and bind to the
antigen; the binding can be strong or weak. In order to identify
those biomolecules and biological entities that are bound by
specific antibodies, a tag (in this case, an enzyme) is typically
attached to the antibodies. These tags react with additional
chemical markers that, after enzymatic catalysis, fluoresce or
cause the solution to change color. Other immunologic tests
useradioactive tags (e.g., radio-immuno assay, or RIA, tests).
[0004] All of these immunologic tests require multiple
steps. In an ELISA test, for example, a first step is to attach
target entities to a test well. A second step is to introduce a
fluid containing tagged antibodies into the well. The tagged
antibodies then bind with considerable specificity to match-
ing antigens (and less so, or not at all, to the other entities that
may be present in the well). After fluid is removed, the test
well is rinsed to remove unbound antibodies (if a detection
step 1s prematurely implemented before rinsing, all antibod-
ies, whether tightly bound to antigen or unbound, may poten-
tially be detected). Finally, the well is refilled with a neutral
fluid and marker chemicals are added. A detection step is then
implemented, and the presence or amount of antigen is deter-
mined from a color change or florescence measurement. A
reliable and efficient means of minimizing or eliminating
steps in immunosorbent assays is needed.

[0005] Testing of a liquid sample often requires manually
adding a liquid reagent to the liquid sample followed by
manually mixing the liquid sample and the added liquid
reagent. For example, in order to test a liquid sample, a
researcher may add, through the use of a micropipette, a
liquid reagent to an aliquot of the liquid sample in a micro-
tube.

[0006] The researcher may then need to mix the liquid
sample with the added liquid reagent by further repetitively
drawing up and expelling the mixture from the micropipette
into the microtube. User variability (e.g., that may result from
fatigue on the part of the researcher) or method variability
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introduced by relying on such micropipette-based mixing
may adversely affect the reliability of subsequent measure-
ments (e.g., colorimetric readings of chemical reactions in the
liquid mixture).

[0007] The mixing of liquids is accomplished in some
methods of high throughput screening (e.g., utilizing stan-
dard 96-well, 384-well, 1536-well or 3456-well plates)
through automated additions of liquids across rows of wells
within plates. These high throughput screening methods,
however, generally require extensive electromechanical
equipment and computer programming support for imple-
mentation. A generally simpler system for effecting the
simultaneous mixing of a plurality of liquids is often needed.

SUMMARY OF THE INVENTION

[0008] The present invention provides a reliable and effi-
cient means of minimizing or eliminating steps in immun-
osorbent assays. The method of the present invention is a
generally simpler system for effecting the simultaneous mix-
ing of a plurality of liquids. The present invention enables
testing for any reasonably clear fluid. The test substances
need not be floating but rather may be bound, attached, or part
of a surface as long as the surface can be submerged in the
fluid. A wide variety of scavenger antigens may be utilized as
long as the antibody concerned binds to the scavenger antigen
no better than it does to the target.

[0009] Some of the embodiments of the present invention
are directed to the analysis of a single analyte in an immun-
osorbent assay, while other embodiments of the present
invention are directed to the analysis of multiple analytes or
targets per well in an immunosorbent assay. All of the
embodiments of the present invention provide means of mini-
mizing or eliminating steps in immunosorbent assays. The
core steps of mixing the immunologic molecules with the
sample and then accomplishing detection remain, thus result-
ing in a simpler ImmunoSorbent Assay (ISA). This reduction
in steps is accomplished primarily by eliminating the need for
two steps: 1) attaching target molecules to the well, and 2)
removing unbound antibodies through rinsing.

[0010] The embodiments of the invention directed to a test
for a plurality of analytes or targets in a single well use a
modified ISA test, thus resulting in InmunoSorbent Assay for
Multiple Analytes (ISAMA). A primary means of detecting
multiple analytes (or multiple targets) in embodiments of
ISAMA is by attaching different fluorescent tags (e.g., tags
that fluoresce at different wavelengths of light) to different
antibody pairs.

[0011] The present invention further includes various types
oftest vessels including single wells, multiple wells, cassettes
having multi-part test wells, and various structures separate
from a well, including continuous flow devices. Such varia-
tions allow for the rapid and simultaneous testing of fluids for
a plurality of components. Further disclosed is a method for
immunosorbent assay of an analyte object having a plurality
of distinct target antigens. A method for immunosorbent
assay of micro-organisms is disclosed wherein embodiments
of this invention utilize colorimetric reactions of reagents in a
unique way for the easy performance of such testing. This
summary of the invention is not intended to represent each
embodiment or every aspect of the present invention.

BRIEF DESCRIPTION OF THE DRAWINGS

[0012] A more complete understanding of the systems and
methods of the present invention may be obtained by refer-
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ence to the following Detailed Description when taken in
conjunction with the accompanying Drawings, wherein:

[0013] FIG.11is a test well with scavenger antigens;
[0014] FIG. 2 is a test well with target fluid added;
[0015] FIG. 3 is amodel of antibodies (cones) and antigens

(cubes: targets; cylinders: scavenger antigens);

[0016] FIG. 4 is a test well through which a detection light
beam passes;
[0017] FIG. 5 illustrates a test well with a detection light

detecting target antigens and not detecting scavenger antigen;
[0018] FIG. 6 illustrates a test well containing tags in solu-
tion within the well fluorescing and tags attached to scavenger
antigens not fluorescing;

[0019] FIG. 7 is a well with scavenger antigens;

[0020] FIG. 8isawell with target fluid added having targets
and antibody pairs suspended or floating freely in the solu-
tion;

[0021] FIG. 9 is a model of ISAMA antibody pairs and
antigens with two types of tagged antibody pairs and two
types of targets depicted;

[0022] FIG. 10 illustrates four ISAMA antibody pairs: one
of two ISAMA antibody pairs that is suspended in solution is
bound to one type of target, and the other of two ISAMA
antibody pairs that is suspended in solution is bound to
another type of target; two of the four ISAMA antibody pairs
are in excess and are bound to scavenger antigens attached to
the well wall;

[0023] FIG. 11 is a well through which a detection light
passes;
[0024] FIG. 12 illustrates detection light missing scavenger
antigen;
[0025] FIG. 13 illustrates that tags on ISAMA antibody

pairs bound to target antigen in solution within a well fluo-
resce, but those tags on ISAMA antibody pairs that are bound
to scavenger antigen attached to the well wall do not fluo-
resce;

[0026] FIG. 14 is a cassette structure for testing fluids;
[0027] FIG.15is adisassembled cassette structure for test-
ing fluids;

[0028] FIG. 16 is an oblique view of a first embodiment of

a cassette for testing fluids;

[0029] FIG. 17 is an exploded view of this first cassette
embodiment such that wells or well portions may be better
viewed;

[0030] FIG.18 depicts a cassette similar to this first cassette
embodiment in a portable, self-contained detector;

[0031] FIG. 19 depicts a simple detector connected to a
laptop wherein the detector and laptop are held in a commer-
cial “briefcase;”

[0032] FIG. 20 is a largely broad side view of a second
embodiment of a cassette for testing fluids;

[0033] FIG. 21 is an angled side view of this second
embodiment depicting sample wells or well portions in an
inner or front plate;

[0034] FIG. 22 is a flat-on broad side view of this second
embodiment of a cassette for testing fluids;

[0035] FIGS. 23A and 23B diagram a diagonal cut-away
view of this second embodiment of a cassette for testing
fluids;

[0036] FIGS. 24A-24E diagram further side and cut-away
views of an outer sleeve or back plate of this second embodi-
ment of a cassette for testing fluids;
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[0037] FIGS.25A-25E diagram side and angle views of an
inner or front plate of this second embodiment of a cassette
for testing fluids;

[0038] FIGS.26A-26D diagram a trigger or plunger of this
second embodiment of a cassette for testing fluids;

[0039] FIG. 27 depicts a detector into which this second
embodiment of a cassette for testing fluids is inserted,
[0040] FIG. 28 depicts another embodiment of a detector
into which this second embodiment of a cassette for testing
fluids is inserted;

[0041] FIGS. 29A-29C diagram this second embodiment
of a cassette for testing fluids in a closed, ready-to-use posi-
tion;

[0042] FIGS. 30A-30C diagram this second embodiment
of a cassette for testing fluids in a sample-taking position;
[0043] FIGS. 31A-31C diagram this second embodiment
of a cassette for testing fluids in an analysis position;

[0044] FIG. 32 is another angled side view of this second
embodiment of a cassette for testing fluids;

[0045] FIG. 33 is anarrow side view of this second embodi-
ment of a cassette for testing fluids. The trigger or plunger is
depressed;

[0046] FIG. 34 is a largely broad side view of this second
embodiment of a cassette for testing fluids;

[0047] FIG. 35 is a diagram of an embodiment of the con-
tinuous flow methodology of the present invention;

[0048] FIG. 36A is a diagram identifying the basic steps in
the methodology of the present invention;

[0049] FIG. 36B is a diagram identifying the basic steps in
a first method in the prior art;

[0050] FIG. 36C is a diagram identifying the basic steps in
a second method in the prior art;

[0051] FIG. 37 is a schematic representation of the immu-
noassay of a single analyte of the present invention;

[0052] FIG. 38A is a schematic representation of the immu-
noassay of multiple analytes of the present invention showing
the preferred use of multiple distinguishing tags;

[0053] FIG. 38Bis a schematic representation of the immu-
noassay of multiple analytes of the present invention showing
the use of more than one type of scavenger antigen and the
elimination of the corresponding conjugated scavenger anti-
bodies;

[0054] FIG. 39A is a schematic representation of the immu-
noassay for analysis of micro-organisms of the present inven-
tion showing the preferred use of multiple distinguishing
tags;

[0055] FIG. 39B is a schematic representation of the immu-
noassay for analysis of micro-organisms of the present inven-
tion showing the use of more than one type of scavenger
antigen and the elimination of the corresponding conjugated
scavenger antibodies;

[0056] FIG. 40A is a schematic representation of the immu-
noassay for analysis of a plurality of different targets on a
single organism or molecule showing four different targets;
[0057] FIG. 40B is a schematic representation of the immu-
noassay for analysis of a plurality of different targets on a
single organism or molecule showing the addition of tagged
antibodies; and

[0058] FIG. 40C is a schematic representation of the immu-
noassay for analysis of a plurality of different targets on a
single organism or molecule showing the tagged antibodies
linked to the antigens.
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DETAILED DESCRIPTION OF THE PREFERRED
EMBODIMENTS

[0059] As summarized above, the present invention is
directed to systems and methods forimmunosorbent assay for
single and multiple analytes. The present invention includes
the following components: an immunosorbent assay for a
singleanalyte, an immunosorbent assay for multiple analytes,
and various vessel structures for testing fluids and methods of
use in immunosorbent assays.

Immunosorbent Assay for a Single Analyte

[0060] Embodiments of this invention make use of flores-
cent tags (or other tags that react specifically to light or other
electromagnetic energy). For example, instead of target enti-
ties being bound to the well, a second antigen (the “scavenger
antigen”) that is similar to the antigen in question is obtained
or prepared and bound to the well. In embodiments of the
invention, this scavenger antigen is bound only to the walls of
the well, not the bottom. In other embodiments, scavenger
antigens may be bound only to the bottom of a well (and the
detection light beam shone through clear well sides so as to
limit or avoid illumination of the well bottom). The antibodies
bind to scavenger antigen but with less affinity or avidity than
to target molecules. In some embodiments, the number of
scavenger antigens considerably exceeds the number of anti-
bodies.

[0061] In other configurations of the invention, the diam-
eter of the well is larger than the diameter of the light beam
used for detection. After the antibody solution is added to the
well, the target solution is added, and the well is agitated. The
antibodies present bind to either the targets, which are largely
suspended in solution, or the scavenger antigens on the well
walls. In further aspects, there must be enough time and
agitation to ensure that all the antibodies are bound either to
the targets or the scavenger antigens.

[0062] In further embodiments, a detection light beam,
either a laser or another tightly focused beam, is then shone
through the well. In some embodiments, the walls of the well
are out of the path of the detection light or the walls are shaped
in such a way as to cast shadows in order to prevent or
minimize the detection beam’s striking the tagged antibodies
bound to scavenger antigen on the walls. When the detection
light beam shines into the well, it strikes the targets suspended
in solution within the well and not the antibodies bound to the
walls.

[0063] Thus in these embodiments, only the florescence
from the antibodies bound to targets is detected. In addition to
being shone through the well, the beam can be absorbed or
reflected off the well bottom in other embodiments. The emis-
sions from the tagged antibodies can be detected from the top,
bottom, or any convenient direction in various embodiments.
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[0064] In another embodiment, the scavenger antigens are
attached to items or carriers that float or remain suspended in
the fluid of the well. These items or carriers have holes within
which shadow areas are created and within which the scav-
enger antigens attach.

[0065] Inanother embodiment, wells having perpendicular
ridges along their side wall are utilized, and scavenger antigen
is attached along the inside of these ridges. The ridges can
shadow tagged antibodies bound to scavenger antigen and
prevent light emissions from these tagged antibodies from
otherwise contaminating detection measurements.

[0066] In another embodiment, radioactive tags are used
with wells that have sufficient shadowing elements to prevent
stray radiation from disrupting detection of radioactivity
from tagged antibodies bound to target molecules.

[0067] 1t is also possible to have two (or more) types of
antibodies each with a different type of tag and two (or more)
types of scavenger antigens fixed to the well, essentially
running two different single analytes, i.e., two ISA’s, at the
same time.

[0068] It is to be understood that the measurement used to
quantify the tagged antibodies present (i.e., not bound to a
scavenger antigen) could be direct as described herein, or
differential, wherein measurement of the tagged antibodies
drawn to the scavenger antigens is made.

[0069] In another embodiment, the immunosorbent assay
for a single analyte is conducted using bound (conjugated)
antibody pairs, i.e., primary and scavenger. This is in contrast
to the primary embodiment for ISA wherein no scavenger
antibody is utilized. This may be necessary in certain circum-
stances in which the scavenger antigen does not sufficiently
attract or bind to the tagged target antibody.

[0070] FIG. 11is a test well 10 with well wall 12 and scav-
enger antigens 14. FIG. 2 is a test well with target fluid 16
added. Also shown in FIG. 2 are target antigen 18, antibody
with tag 24, target antigen bound to antibody with tag 26, and
scavenger antigen bound to antibody with tag 28. F1IG. 3 is a
model of antibodies (cones) 20 and antigens (cubes: targets
18; cylinders: scavenger antigens 14), and tags (spheres) 22.
FIG. 4 is a test well 10 through which a detection light beam
30 passes. F1G. 5 illustrates a test well 10 of diameter with a
detection light 30 of diameter detecting target antigens 18 and
not detecting scavenger antigen 14. FIG. 6 illustrates a test
well 10 containing target antigen bound to antibody with tag
26 in solution within the well fluorescing 32 and antibody
with tag attached to scavenger antigen 28 not fluorescing.
These and other embodiments include characteristics noted in
Table 1.

TABLE 1

Single Analyte Methodology Features

No. Description of Characteristics of Embodiments

1 Detection is accomplished with a beam of electromagnetic energy or radiation.
The beam is shielded, focused, lased, or controlled in some way so as
specifically to avoid illumination of areas where scavenger antigens are

located.

Scavenger antigen is obtained or prepared has an equal to or lower binding
affinity or avidity with the antibody than the target antigen has with the
antibody in order to ensure that the antibodies preferentially bind to the targets.
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TABLE 1-continued

Single Analyte Methodology Features

. Description of Characteristics of Embodiments

10

11

Scavenger antigen is bound to a portion of the well that is not illuminated by
the detection beam but the antibody-containing test solution yet contacts that
portion of the well.

The scavenger antigen may be bound to items floating or suspended in the
well, but these items have holes, pits, etc., that shadow tagged antibodies that
bind to the scavenger antigen.

Antibody is obtained or prepared that binds tightly to the target antigen.
Antibody is conjugated with a tag that fluoresces or radiates when struck by
the detection beam. The resulting fluorescence or radiation is detected by
devices inside or outside the well.

The tagged antibody is capable of being dissolved or suspended in the test fluid.
The detection beam can be switched on and off, and yet the signal from the
tagged antibody can be detected during the off periods.

The detection beam can be continuous, and yet the signal from the tagged
antibody can be detected as an additional signal.

The detection of the signal from tagged antibodies can be accomplished from a
range of angles.

The well has lips that provide additional shadow area to shield the scavenger
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antigen from the detection beam.

12 The well has ridges on its walls that provide additional shadow area to shield

the scavenger antigen from the detection beam.

13 The well has depressions or holes that provide additional shadow area to shield

the scavenger antigen from the detection beam.

14 The well bottom does not reflect or scatter the detection beam back into the well.

15 The test fluid surface may be flat and does not act as a lens.
16  The test fluid surface may be made flat by contact with a well top.

17 The test fluid surface may be made flat by avoiding surface tension differences

between the fluid and the well.

18 The test fluid surface may be made flat by filling the well exactly to the neutral

fill volume between the meniscus above and below the top of the well.

[0071] Examples of the prior art A and B, as shown in FIGS.
36B and 36C respectively, each carry out an assay that
involves the critical step of washing a solution away and
detecting tags or labels on the well wall, a probe, or a sub-
strate. The present invention is fundamentally distinct from
the prior art in that it carries out an assay without the necessity
of removing the solution from the well. The detection of tags
is carried out with all components added to the well remaining
in the well. This is a fundamental distinction and a fundamen-
tal advantage. The use of tagged antibodies introduced into
the well provides much greater ease of use, speed of detec-
tion, and efficiency in the field. As shown in FIG. 36A, one
primary embodiment of the method of the present invention
includes not simply the tagging of the antibodies before intro-
duction into the well, but more importantly the elimination of
two steps in the process. Agitation in the present invention
occurs immediately prior to the detection step as a manner of
fully dispersing the competitively bound tagged antibodies.
The present invention directly measures the bound tagged
antibodies/target antigens, resulting in a quick and accurate
measurement of the target antigens in the sample.

[0072] FIG. 37 is a schematic representation of the immu-
noassay of the present invention for a single analyte. The
methodology is much simpler than the prior art. The present
invention therefore improves upon the more complicated “lab
bench” assay methods of the prior art and achieves detection
in the field by utilizing a method that follows a simpler pro-
cess (made possible by way of the structure of the well and the
detection method). In contrast to the direct detection method
of the present invention (see FIG. 37), the prior art typically
utilizes an indirect method for quantifying the free antigen
levels in the sample by measuring what remains after the
sample has been washed from the well.

Immunosorbent Assay for Multiple Analytes

[0073] Embodiments of ISA and embodiments of ISAMA
share fundamental characteristics. As in embodiments of
ISA, for example, embodiments of ISAMA make use of
florescent tags (or other tags that react specifically to light,
other energy, or radioactivity). In embodiments of ISAMA,
however, a second antibody (scavenger antibody) is obtained
or prepared. Furthermore, unlike in embodiments of ISA,
scavenger antigen in embodiments of ISAMA is matched to
scavenger antibody but not to target antibody. Binding
between scavenger antibody and scavenger antigen is gener-
ally of a lower affinity or avidity than the binding between
primary antibody and target molecule in embodiments of
ISAMA. Key to ISAMA is a plurality of tagged antibodies
(each with an individually distinguishable tag) and a plurality
of scavenger antibodies which perform just as in ISA. The
result, however, allows the detector (by means of a method-
ology of distinguishing the tags) to count each type sepa-
rately.

[0074] In embodiments of ISAMA, primary antibody and
scavenger antibody are conjugated as an antibody pair (i.e.,
ISAMA antibody pair) and, additionally, a tag is attached to
the ISAMA antibody pair. Such use of a conjugated pair
permits the reduction of types of scavenger antigens to one. If
conjugated pairs of antibodies are not used, then multiple
types of scavenger antigens must be employed, i.e., one for
each antibody/target. In embodiments of ISAMA, scavenger
antigen binds to scavenger antibody but with less affinity or
avidity than primary antibody binds to a target molecule or
intended analyte. In preferred embodiments, many more
scavenger antigens are present than ISAMA antibody pairs
(i.e., pairs of primary antibody conjugated to scavenger anti-
body).
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[0075] Inembodiments of ISAMA, the scavenger antibody
and the target antibody are conjugated in such a way that they
both cannot or do not bind to their respective antigens at the
same time.

[0076] In embodiments of ISAMA, primary antibody spe-
cies or kinds are in one-to-one correspondence with species
or kinds of targets or analytes for which testing is to be
accomplished. That is, in embodiments of ISAMA, a primary
antibody species or kind of a ISAMA antibody pair only
cross-reacts or binds with high affinity or avidity to one spe-
cies or kind of target or analyte. Furthermore, in embodiments
of the invention, each primary antibody species or kind (e.g.,
of a ISAMA antibody pair) has an identifying tag (e.g., one
that fluoresces at a specific wavelength, or responds to, or
emits, a specific type of radiation).

[0077] As in embodiments of ISA, scavenger antigen is
attached to the sides of a well in embodiments of ISAMA.
Binding of scavenger antibody (e.g., of a ISAMA antibody
pair) to scavenger antigen attached to a well wall is thus
facilitated in embodiments of ISAMA.

[0078] In further embodiments of ISAMA, mixtures of
ISAMA antibody pairs (i.e., various pairs wherein, for
example, the primary antibody that is conjugated to scavenger
antibody may differ for each antibody pair type) may be
added to a solution within the well so that a different primary
antibody type or kind of a ISAMA antibody pair mixture
matches to specific types or kinds of target molecules that are
added to the well. In embodiments of ISAMA, each type or
kind of ISAMA antibody pair is identifiable by the type or
kind of tag that is attached to the primary antibody of each
ISAMA antibody pair.

[0079] In embodiments of ISAMA, when a well solution
containing ISAMA antibody pairs is agitated or otherwise
allowed to incubate, the various conjugated primary antibod-
ies of the ISAMA antibody pairs bind to the various matching
target molecules; all ISAMA antibody pairs that do not bind
(via their conjugated primary antibody component) to targets
in solution bind (via their opposite conjugated scavenger
antibody component) to the scavenger antigen attached to
well walls. As a result, in embodiments of ISAMA, only
tagged ISAMA antibody pairs that are bound to targets
remain floating or suspended in the well solution.

[0080] In further embodiments of ISAMA, a detection light
beam, a laser, or another tightly focused beam, is then shone
through the well. In some embodiments of ISAMA, the walls
of the well are out of the path of the detection light or the walls
are shaped in such a way as to cast shadows to prevent or
minimize the detection beam’s striking the tagged ISAMA
antibody pairs bound to scavenger antigen on the walls. When
the detection light beam shines into the well, it strikes the
tagged ISAMA antibody pair-bound targets floating or sus-
pended in solution within the well, but the detection light
beam does not strike the tagged ISAMA antibody pairs bound
to scavenger antigen that is attached to the walls.

[0081] Thus, in these embodiments of ISAMA, only the
florescence from the tagged ISAMA antibody pairs bound to
targets floating or suspended in solution is detected. The
intensity of specific florescence wavelengths (or other char-
acteristics used to distinguish tagged ISAMA antibody pairs
that bind to a different analyte or target species or kinds) can
be used to quantify the levels of analyte or other target floating
or suspended in the well.

[0082] In addition to being shone through the well, the
beam can be absorbed or reflected off the bottom in other

Nov. 27,2014

embodiments of ISAMA. Emissions from the tagged ISAMA
antibody pairs can be detected from the top, bottom, or any
convenient direction in various embodiments.

[0083] Fluorescing radiation from tagged ISAMA anti-
body pairs bound to analytes or targets shines from the well to
the detectors in embodiments of ISAMA,; the detector has the
capacity to distinguish signals that are simultaneously trans-
mitted but that differ or vary based on the tagged ISAMA
antibody pair from which a signal originated. Again, in
embodiments of ISAMA, specific tagged ISAMA antibody
pairs bind (via their conjugated primary antibody component)
to specific target molecules. In some ISAMA embodiments,
the fluorescing radiation or light shines into a spectroscopic
analyzer. This device, well known in the art, spreads the light
out in the manner of a prism and then uses a photosensitive
device (such as a photosensitive charge-coupled device or
CCD) to convert radiation spectra into electrical or digital
signals specific for each of the different tags. In embodiments
of ISAMA, the strength of an electrical or digital signal
specific for a tag is proportional to the concentration of ana-
lyte or target suspended in the well.

[0084] In another embodiment of ISAMA, the scavenger
antigens are attached to items or camers that float or remain
suspended in the fluid of the well. These items or camers have
holes within which shadow areas are created and within
which the scavenger antigens attach.

[0085] In another embodiment of ISAMA, wells having
perpendicular ridges along their side wall are utilized, and the
scavenger antigen is attached along the inside of these ridges.
The ridges can shadow tagged ISAMA antibody pairs bound
to scavenger antigen and prevent light emissions from these
tagged ISAMA antibody pairs from otherwise contaminating
detection measurements.

[0086] Inanother embodiment, radioactive tags are used in
place of, or in addition to, fluorescent tags on ISAMA anti-
body pairs with wells that have sufficient shadowing elements
to prevent stray radiation from disrupting detection of radio-
activity from tagged antibodies bound to analyte or target
molecules.

[0087] Once again, it is to be understood that the measure-
ment used to quantify the tagged antibodies present (i.e., not
bound to a scavenger antigen) could be direct as described
herein, or differential, wherein measurement of the tagged
antibodies drawn to the scavenger antigens is made.

[0088] FIG. 7 is a test well 40 with well wall 42 and scav-
enger antigens (cylinders) 44. FIG. 8 is a test well 40 with
target fluid 46 added having targets and antibody pairs sus-
pended or floating freely in the solution. FIG. 9 is a model of
ISAMA antibody pairs (tagged cone pairs) 54ab and Mac and
antigens (cubes: targets 48b and 48¢; cylinders: scavenger
antigens 44). Two types of tagged antibody pairs 54ab and
Mac and two types of targets 485 and 48¢ are depicted (the
two types of tagged antibody pairs differ in the type of pri-
mary or target antibody that is conjugated with scavenger
antibody in each tagged antibody pair). The tag (sphere) 52 is
also shown. The tag used for one primary antibody may be
distinguished from the tag used for a different primary anti-
body. FIG. 9 also depicts three types of antibodies: circular
cone 50a, pentagon cone 505, and hexagon cone 50c.

[0089] FIG. 10 illustrates four ISAMA antibody pairs (one
oftwo ISAMA antibody pairs (565 and 56¢) that is suspended
in solution is bound to one type of target, and the other of two
ISAMA antibody pairs that is suspended in solution is bound
to another type of target; two of the four ISAMA antibody
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pairs (586 and 58¢) are in excess and are bound to scavenger
antigens attached to the well wall). Each of the two depicted
targets is appropriately bound by a corresponding ISAMA
antibody pair, and each of the two depicted excess ISAMA
antibody pairs is bound (via its scavenger antibody) to scav-
enger antigen attached to the well wall. As noted for FIG. 9,
the tag used for one primary antibody may be distinguished
from the tag used for a different primary antibody.

[0090] FIG. 11 is a test well 40 through which a detection
light beam 60 passes. FIG. 12 illustrates detection light beam
60 missing scavenger antigen 44 (detection light also is miss-
ing two tagged ISAMA antibody pairs bound to scavenger
antigen 585 and 58c; detection light beam 60 is also illus-
trated as illuminating each of two tagged ISAMA antibody
pairs, each of which is bound to a different target antigen 565
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and 56¢). FIG. 13 illustrates that tags on ISAMA antibody
pairs bound to target antigen in solution within a well fluo-
resce 625 and 62¢ (each of the two different ISAMA antibody
pairs fluoresces radiation of a different color), but those tags
on ISAMA antibody pairs that are bound to scavenger antigen
attached to the well wall do not fluoresce.

[0091] FIG. 38A provides a schematic representation of the
immunoassay of multiple analytes of the present invention
showing the preferred use of multiple distinguishing tags.
FIG. 38B is a schematic representation of the immunoassay
of multiple analytes of the present invention showing the use
of more than one type of scavenger antigen and the elimina-
tion of the corresponding conjugated scavenger antibodies.
These and other embodiments of ISAMA include character-
istics noted in Table 2.

TABLE 2

Multiple Analytes Methodology Features

No.

Description of Characteristics of Embodiments

w

o

~a

10

15
16

-
1

18

Detection is accomplished with a beam of electromagnetic energy or radiation.
The beam is shielded, focused, lased, or controlled in some way so as
specifically to avoid illumination of areas where scavenger antigens are
located.

Scavenger antigen is obtained or prepared, as is scavenger antibody. The
scavenger antibody is conjugated with primary antibody (target antibody) in a
ISAMA antibody pair. The scavenger antibody binds to scavenger antigen
with a lower binding affinity or avidity than that with which the primary
antibody binds to analyte or target.

Scavenger antigen is bound to a portion of the well that is not illuminated by
the detection beam but the tagged ISAMA antibody pair-containing test
solution yet contacts that portion of the well.

Scavenger antibody and primary antibody (target antibody) are conjugated in
such a way that both scavenger antibody and primary antibody cannot or do
not bind to their respective goals (i.e., scavenger antigen and target,
respectively) at the same time.

The scavenger antigen may be bound to items floating or suspended in the
well, but these items have holes, pits, etc., that shadow tagged ISAMA
antibody pairs that bind to the scavenger antigen.

Primary antibody (target antibody) is obtained or prepared that binds tightly to
the target antigen in order to ensure that ISAMA antibody pairs preferentially
bind to targets.

Each different species or kind of target antibody is conjugated with a tag that
fluoresces or radiates in a distinguishing way (e.g., at a different wavelength)
when struck by the detection beam. The resulting fluorescence or radiation is
detected by devices inside or outside the well.

Tagged ISAMA antibody pairs are capable of being dissolved or suspended in
the test fluid.

The detection beam can be switched on and off, and yet the signal from the
tagged ISAMA antibody pair can be detected during the off periods.

The detection beam can be continuous, and yet signal from the tagged ISAMA
antibody pair can be detected as an additional signal. Signal from a well may
be separated into individual components (e.g., wavelengths corresponding to
signals from different species or kinds of targets) by a photospectrometer or
other device (i.e., signal from a well may be analyzed for the identification and
quantification of individual species or kinds of targets that are bound by
corresponding tagged ISAMA antibody parts).

The detection of the signal from tagged antibodies can be accomplished from a
range of angles.

The well has lips that provide additional shadow area to shield the scavenger
antigen from the detection beam.

The well has ridges on its walls that provide additional shadow area to shield
the scavenger antigen from the detection beam.

The well has depressions or holes that provide additional shadow area to shield
the scavenger antigen from the detection beam.

The well bottom does not reflect or scatter the detection beam back into the well.
The test fluid surface may be flat and does not act as a lens.

The test fluid surface may be made flat by contact with a well top.

The test fluid surface may be made flat by avoiding surface tension differences
between the fluid and the well.

The test fluid surface may be made flat by filling the well exactly to the neutral
fill volume between the meniscus above and below the top of the well.
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Cassette Structures for Testing Fluids and Methods of Use in
Immunosorbent Assays

[0092] In some embodiments, the test cassette includes a
plurality of wells with capacity to contain samples and
reagent. Ways in which reagent is contained within a well
may be used to characterize various embodiments or configu-
rations of the test cassette (for example, as summarized in
Table 3).

TABLE 3

Methods for Containment of Reagents

No. Containment of Reagent within a Well

1 Adhered to the wall of the well.
2 Adhered to sphere(s) or other shape in the well.
3 Absorbed on a sponge or other absorbent material in the well.
4 Inaliquid inthe well.
[0093] A well may be divided into a plurality of compart-

ments. A reagent portion of a well (e.g., a portion correspond-
ing to the well portion in the outer sleeve or back plate of the
second embodiment of the cassette) may be isolated from the
balance of the well to prevent reagent-sample mixing until
mixing is desired.

[0094] Well portion volumes may be carefully controlled in
order to permit use of the known volume of a well portion for
estimating or measuring the volume or amount of a reagent or
other liquid sample occupying the well portion. Such esti-
mates or measurements may be helpful in calculating the
concentration of a compound (e.g., an analyte in a sample) in
a liquid in the well.

[0095] Wells may be kept free of sample fluid until desired.
Sample may be introduced into wells through capillary
action, injection, pouring, suction or other means known to
those skilled in the art (e.g., by submersion).

[0096] A clear pane may cap a well at one or both ends. If
awellhas a clear pane at both ends, light may pass completely
through the well. Pane surfaces and other well surfaces (or
non-surface materials) may be a certain color and allow light
of only certain wavelength(s) to reflect from (or pass through)
them. In particular, well surface and non-surface materials
may be completely transparent and allow light to pass through
wells in any direction.

[0097] Thecassette may have an identifying mark or marks
[e.g., bar code, radio frequency identification (WID) tag,
detents (“click-stops”), or other marks known to those skilled
in the art] that allow a detector to identify a cassette that has
been placed in the detector.

The Detector

[0098] In some embodiments, the detector simultaneously
emits a light consisting of range(s) of wavelengths, i.e., of one
or several different spectra. The detector may also emit only
one wavelength, or a plurality of different wavelengths, of
light over programmed time period(s). Light typically shines
into, or through, a well during testing.

[0099] In some embodiments, the detector includes a plu-
rality of light receivers. These may capture light that has
traveled through reagent, sample or mixtures of reagent and
sample. In some embodiments, the detector may include only
one light receiver; this receiver may be capable of capturing
light reflected from, or transmitted through, one or multiple
wells.
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[0100] A light receiver usually is connected to a device that
can process data (e.g., match a colorimetric measurement
from a table of potential readings in order to identify, quan-
tify, or both identify and quantify, analyte in a tested fluid).

[0101] In some embodiments, the detector includes a man
machine interface (MMI) that allows an operator to control
the detector as well as to save and download data generated
from analysis using the cassette. This MMI may be integral to
the detector or be part of a separate computer connected by a
direct communication cable or a network link to the detector.

A First Embodiment of the Test Cassette/Detector

[0102] In a first embodiment, a cassette has a plurality of
(e.g., more than 100) wells. The cassette includes three parts:
a generally circular reagent well plate, a central water or
sample well plate, and a generally circular cover. Well bot-
toms of'the reagent well plate are opposite the bulk of the rest
of the cassette. The wells or well portions of the other two
plates transverse or pass through those plates. All three plates
are held together tightly at the center, and yet they may be
caused to rotate relative to each other about the center (while
permitting various wells to remain sealed).

[0103] Some wells may be used for calibration purposes
(e.g., for comparing transmitted or reflected light values to
expected values). In some configurations, the cover and the
reagent well plates are made of an optically clear plastic.
[0104] After reagents are loaded into reagent wells or
reagent well portions, the central water (or sample) well plate
may be rotated or affixed relative to the reagent well plate in
such a way that the wells or well portions of the two plates do
not align.

[0105] The cover plate may be rotated or affixed to prevent
any water or other sample fluid from entering wells or well
portions of the central plate until the cover plate is rotated into
awell-alignment position. When the cover has been removed
or turned to a position where holes in the cover are aligned
with wells or well portions of the central plate, water or other
liquid sample can enter and fill wells or well portions of the
central plate (i.e., samples can be taken). The cover plate may
then be replaced or further turned so that samples are sealed
within the wells or well portions.

[0106] When a test is to be run, the reagent well plate may
be rotated so that wells or well portions of the reagent well
plate align with wells or well portions ofthe central plate. For
each aligned well, reagent can then mix with a corresponding
sample. Light also then may be allowed to pass through the
cover overlying a sample well, through sample of an aligned
central plate well portion and through reagent of an aligned
reagent plate well portion, even as sample mixes with reagent.
If the sample-reagent reaction may be assayed or measured
through a colorimetric means, detected and measured light
characteristics can then be translated into data (e.g., colori-
metric data may be used to calculate analyte concentration in
a sample).

[0107] Insome configurations, the reagent well or reagent
well portion is filled nearly to capacity. A small void or gas
space may form (i.e., a bubble may form) when a reagent well
or reagent well portion is aligned with a sample well or
sample well portion. This bubble may provide space to facili-
tate or permit mixing liquid sample (e.g., a water-dissolved
sample) and reagent by agitation.

[0108] Insome configurations, a well or well portion may
be larger in diameter at one end versus another end. If a void
or gas space (i.e., a bubble) forms at a larger-diameter end of
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a well or well portion, the bubble’s small size relative to the
well diameter may permit light from a detector to pass
through the well in a path that does not encounter the bubble.
[0109] Thedetector may emit lights of various wavelengths
that pass through a cassette. One device that converts light to
an electrical or digital signal (such as a charge coupled device
or CCD) may be used to collect light after it has passed
through a well or wells of a cassette.

[0110] Whena cassette is snapped into a detector, the detec-
tor reads the barcode, WID tag, or other identifying mark(s)
and determines the type(s) of tests that may be executed. The
detector then proceeds through a preprogrammed sequence of
light emission and capture and data collection steps (e.g., for
the collection of colorimetric data). Specialized software is
used in the collection and analysis of data. Raw collected
data, as well as results from analyzing the collected data, are
saved (optionally with date, time, program parameters, etc.).
The saved data and results may be reviewed immediately or
recalled for review at a later time.

A Second Embodiment of the Test Cassette/Detector

[0111] Inasecondembodiment,a cassette hasa plurality of
(e.g., more than 100) wells. The cassette includes two major
parts: an outer sleeve or back plate and an inner or front plate.
Each part preferably includes wells or well portions. In some
configurations, well bottoms are clear (well bottoms may be
molded during formation of well walls or affixed after well
walls are formed).

[0112] As in the previously described first embodiment,
some wells or well portions may be used for calibration
purposes (e.g., for comparing transmitted or reflected light
values to expected values).

[0113] In some configurations, the outer sleeve or back
plate includes reagent wells or reagent well portions and fill
channels. The inner or front plate includes wells or well
portions for water or other sample liquid(s). In one configu-
ration, wells or well portions of the two plates are not aligned
and reagent is sealed (with a small gas bubble) in each well or
well portion of the outer sleeve or back plate.

[0114] In some configurations, a cassette of the second
embodiment includes a third major part: a “trigger” or
plunger. This trigger or plunger may be spring loaded. Move-
ment of the trigger seals (or opens) one or more entry ports
(e.g., along a side of the cassette) to one or more wells.
[0115] When the trigger is depressed in some configura-
tions, ports (e.g., a top port and a bottom port) are opened on
the side of the cassette’s outer sleeve. These ports may con-
nect to runners or channels that in turn connect to wells or
well portions of the front or inner plate. Paths for movement
of water (or other liquid sample or displaced air or other gas)
between runners or channels of the outer sleeve to wells or
well portions of the cassette’s s inner or front plate may thus
be opened. This provides a path for water or other liquid
sample to enter, for example, through the bottom port, con-
tinue through runners or channels of the outer sleeve, and fill
into wells or well portions of the inner or front plate. In this
configuration, displaced air or other gas may leave the cas-
sette through the top port.

[0116] When a cassette is filled and the operator is ready to
test liquid sample(s), the inner or front plate may be pushed so
as to align sections of reagent well or well portions of the
outer sleeve or back plate with water or sample wells or well
portions in the cassette’s inner or front plate. Agitating or
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shaking the cassette permits reagent and liquid sample to mix
(a residual bubble may provide space to facilitate mixing).
[0117] As noted for the previously described first embodi-
ment, a detector for use with a cassette of this second embodi-
ment may emit (or capture or both emit and capture) lights of
various wavelengths. A detector (or other device) may be used
to capture light that has passed through, or reflected from, or
passed through and reflected from, one or more wells of this
second embodiment.

[0118] Water or other liquid sample may be added to wells
or well portions of the cassette’s inner or front plate in various
ways, including: 1) depressing the trigger and injecting
sample fluid into wells; or 2) submerging the cassette in water
or other liquid sample and then depressing the trigger in order
to release air from the wells and to permit water or other
sample liquid to fill the wells or well portions of the inner or
front plate. Water or other liquid sample may be added to
multiple cassettes at the same time but from various depths
(e.g., of larger volumes of water or other liquid sample) in
order to obtain, for example, a depth profile of the water or
other liquid sample.

[0119] After the cassette is snapped into the detector, the
detector reads the barcode, RFID tag or other identifying
mark(s) and determines the type(s) of tests that may be
executed. The detector may then proceed through a prepro-
grammed sequence of light emission(s), light capture(s) and
other data extraction and analyses. As noted previously for
configurations of the first embodiment, specialized software
is used in the collection and analysis of data. Raw collected
data, as well as results of collected data analysis, are saved
(optionally with date, time, program parameters, etc.). Also as
previously noted for configurations of the first embodiment,
the saved data and results may be reviewed immediately or
recalled for review at a later time.

A Third Embodiment of the Test Cassette/Detector

[0120] A third embodiment includes a detector that may
contain a magazine of cassettes. The detector (or cassette/
detector system) may process cassettes of the magazine seri-
ally or as a group (and, in some configurations, with little or
no human intervention). The detector could, as pre-pro-
grammed, obtain a reading from a sample, analyze it, and
then: a) send data to a user, b) store the data for later retrieval,
or ¢) accomplish both. This third embodiment could also be
set up so that the system only cycled when a sample was
entered into the system.

[0121] FIG. 14 is acassette structure for testing fluids. FIG.
15 is a disassembled cassette structure for testing fluids. FIG.
16 is an oblique view of a first embodiment ofa cassette 70 for
testing fluids. The sample wells are in a central plate 74
(generally square with a paddle handle 78). Reagent wells or
reagent portions of wells (not visible) are present in a gener-
ally circular reagent well plate attached on the far side. A
generally circular cover plate 72 is attached on the near side of
the central plate 74. This figure also depicts small “handles”
77a and 775 that facilitate rotating the cover plate disk and
reagent well plate disk 76. These handles could be alterna-
tively formed as teeth, sprockets, ratchets, etc. FIG. 17 is an
exploded view of this first cassette embodiment 70 such that
wells or well portions may be better viewed. Circular ridges
75 are depicted around the well circumferences. These ridges
are part of seals that isolate the wells or well portions. FIG. 18
depicts a cassette 70 similar to this first cassette embodiment
in a portable, self-contained detector 80. FIG. 19 depicts a
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simple detector 82 connected to a laptop 86 wherein the
detector and laptop are held in a commercial “briefcase” 84.

[0122] FIG. 20 is a largely broad side view of a second
embodiment of a cassette 90 for testing fluids having an outer
sleeve/back plate 92, an inner/front plate 94, and a trigger/
plunger 96. FIG. 21 is an angled side view of this second
embodiment depicting sample wells or well portions 98 in an
inner or front plate 94. FIG. 22 is a flat-on broad side view of
this second embodiment of a cassette 90 for testing fluids.
Reagent wells or reagent well portions of wells 100 are visible
in the outer sleeve or back plate 92. FIGS. 23A and 23B
diagram a diagonal cut-away view of this second embodiment
of a cassette 90 for testing fluids.

[0123] FIGS. 24A-24E diagram further side and cut-away
views of an outer sleeve or back plate 92 of this second
embodiment of a cassette 90 for testing fluids. A thin inset 102
covers the outer end of reagent wells or reagent well portions
100 in the narrow side views of the outer sleeve or back plate
92. This inset forms a pane or bottom for reagent wells or
reagent well portions in the outer sleeve or back plate.

[0124] FIGS. 25A-25E diagram side and angle views of an
inner or front plate 94 of this second embodiment of a cassette
for testing fluids. Space for a thin inset 104 to cover the wells
or well portions for water or sample is diagrammed in the
narrow side views, as it is also diagrammed in the front-on,
broadside view and the angled view of the inner or front plate.
This inset forms a pane or opposite bottom for wells or well
portions 98 for water or sample in the inner or front plate.
FIGS. 26A-26D diagram a trigger or plunger 96 of this sec-
ond embodiment of a cassette 90 for testing fluids.

[0125] FIG. 27 depicts a detector 110 into which this sec-
ond embodiment of a cassette 90 for testing fluids is inserted.
FIG. 28 depicts another embodiment of a detector 112 into
which this second embodiment of a cassette 90 for testing
fluids is inserted. FIGS. 29A-29C diagram this second
embodiment of a cassette 90 for testing fluids in a closed,
ready-to-use position. The air outlet port 120 and runner (at
the top of the cassette and plunger) are not aligned, and
neither is the water or sample inlet port 122 and runner (at the
bottom of the cassette and plunger). The cassette is in a
sealed, closed, ready to use position. The holes in the front
and back pieces are not aligned and the reagent is captured in
the back piece. This section view shows the air outlet runner
(at top) and the water inlet runner (at bottom) cut off by the
plunger 96.

[0126] FIGS. 30A-30C diagram this second embodiment
of a cassette 90 for testing fluids in a sample-taking position.
Both the air outlet port 120 and runner (at the top of the
cassette and plunger) and the water or sample inlet port 122
and runner (at the bottom of the cassette and plunger) are
aligned. Consequently, water or sample from the cassette’s
exterior can fill wells in the inner or front plate 94 with water
or sample fluid. But the reagent wells or reagent well portions
in the outer sleeve or back plate are not aligned with wells or
well portions of water or sample in the cassette’s inner or
front plate.

[0127] Consequently, reagent remains captured in the outer
sleeve or back plate. The holes in the front and back are not
aligned and the reagent remains captured in the back piece.
With the plunger 96 depressed, the air outlet runner (at top)
and the water inlet runner (at bottom) are now open to the
sample media. This allows the sample wells in the front piece
to fill with the sample fluid.
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[0128] FIGS. 31A-31C diagram this second embodiment
of a cassette 90 for testing fluids in an analysis position. The
trigger or plunger 96 has returned to its original position
(again, the air outlet port 120 and runner at the top of the
cassette and plunger are not aligned, and neither are the water
or sample inlet port 122 and runner at the bottom of the
cassette and plunger), and water or sample fluid has been
captured in the cassette. When a researcher or an operator is
ready to proceed with sample analysis, the researcher or
operator may snap or shift the inner or front plate 94 so that
the reagent wells or reagent well portions of the outer sleeve
or back plate 92 align, or connect, with the wells or well
portions of water or sample in the inner or front plate (to the
right in this view). This changes the alignment of the wells
from the sampling runners to being aligned with the reagent
wells. A small bubble left in the reagent wells causes com-
plete mixing when the cassette is shaken (yet stays out of the
way in the wide part of the sample well to allow clear detec-
tion through the now complete well by the detector).

[0129] FIG. 32 is another angled side view of this second
embodiment of a cassette 90 for testing fluids. The trigger or
plunger 96 is in its original position. FIG. 33 is a narrow side
view of this second embodiment of a cassette 90 for testing
fluids. The trigger or plunger 96 is depressed. FIG. 34 is a
largely broad side view of this second embodiment of a cas-
sette 90 for testing fluids. The trigger or plunger 96 is in its
original position.

Alternate Embodiments of Immunosorbent Assays

[0130] The targets for the assays do not need to be sus-
pended in order for the method of the assay of the present
invention to be performed. Any reasonably clear fluid may be
tested. In this case, fluid includes liquid, gas, or acombination
thereof. Water from a river, ocean, or pool may commonly be
tested. Body fluids such as urine, saliva, and blood may also
be tested. Oils may also be analyzed. However, targets for the
assays do not need to be floating. In one preferred embodi-
ment of the method of the present invention, substances
which are bound, attached, or part of a surface may be tested
as long as the surface can be submerged in a reasonably clear
fluid. Surface detection may occur as in the case of a test strip
(e.g., metal, wood, or glass) which is put in water.

[0131] Any of the methods of the present invention may
also be performed with an “indirect assay” which is known in
the art. In this case, the antibody with the fluorescent label
does not bind directly to the target organism, but to the
untagged primary antibody. The untagged primary antibody
binds to the target, a tagged antibody binds to the untagged
primary antibody. A plurality, if necessary, of scavenger anti-
gens pulls the excess of both the tagged antibody and the
untagged primary antibody out of the fluid. The advantages of
this embodiment of the assay are more colorimetric choices
and lower cost.

[0132] There may also be variability in the scavenger anti-
gens which are used. They can be identical to the target, a
modified target (chemically, physically, or by adding energy),
or a wholly new molecule or molecular surface. The key
factor is that the antibody binds no better to the scavenger
antigen than to the target antigen. The scavenger antigen may
be a chemically altered target antigen or it may be syntheti-
cally created.

[0133] The tagged antibodies may be tagged in any of a
variety of methods known in the art including fluorescent,
luminescent, radioactive, magnetic, and enzymatic. The tar-
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get antigens may be anything for which an antibody may be
developed such as various chemicals including pesticides,
endocrine disruptors, and toxins. This may of course include
drugs, both legal and illegal. The target antigens may also be
any micro-organism, such as bacteria and viruses.

[0134] In the methods of the present invention, the sample
volume may be concentrated either before or during the assay
by any of a number of traditional methods of concentrating
that are known in the art. The sample volume may also be
concentrated by a less well known methodology wherein a
fluid sample is inserted into a cone-shaped vessel and con-
centrated in a fiber trap to a single point at the bottom of the
cone. The micro-organisms are illuminated by fiber optics
and a camera takes a photo of the area at the bottom of the
cone where the fluorescence is detected at a focused spot.

[0135] The detection volume, which must be known to
determine the concentration of the target antigen, may be
calculated by one of many methods known in the art. These
methods include methods such as: the known volume of the
well, the known weight, the calculated volume based on the
volume swept by a beam of radiation or light (such as a
columnated light shining through the sample), and the calcu-
lated volume that passes through a flow device.

[0136] Further alternate embodiments may be used for the
well in the immunosorbent assays. A single well vessel such
as a petri dish, test tube, or truncated cone may be used. The
vessel may have ridged walls. The well may be moving in a
space as in flow cytometry or it could occur in a temporary
space, such as with a peristaltic pump. The vessel may contain
many wells, such as a well plate. The vessel may be a multi-
part well such as a cassette having three plates which line up
wherein the fluid is mixed by assembling the well structure
and moving the plates.

[0137] Alternatively, the assay may occur in a structure
separate from the well. This structure may include a mesh,
screen, honey comb, beads, particles, strands, tapes, or tubes.
The selection of the most appropriate vessel is influenced by
several variables including the fluid characteristics such as
viscosity, density, and turbidity; the timing of the assay;
economy; and environmental factors.

[0138] There are several alternate embodiments of the basic
methodology of the present invention, which may be pet-
formed in anumber of ways. In its simplest form, a single well
is used and the scavenger antigens are bound to the well wall
and not the bottom of the well. The sample and antibodies are
introduced. The fluid is agitated and detection occurs through
the middle of the well. Alternately, a split well may be used,
such as a cassette, wherein multiple pieces of a well are
combined to make a single well for detection. Another
method is to use one vessel for mixing the sample and the
antibodies and then pouring it into the well (or wells) with the
antibodies attached and wherein detection occurs.

[0139] Another approach is to use one vessel for mixing the
sample and antibodies then adding the scavenger antigens
which are bound to a structure and agitating. Then the mixture
is poured into the well to detect. Alternatively, the sample and
antibodies may be mixed in a vessel and then poured into a
second vessel containing scavenger antigens (this vessel
could be a tube lined with scavenger antigens). The fluid is
poured into a well for detection. Also, the sample and anti-
bodies may be mixed in a vessel and then passed through a
conduit, or beads, etc. lined with scavenger antigens and then
analyzed in a well.
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[0140] Also useful, particularly in an automated process,
are the methods wherein the sample and antibodies are mixed
in one vessel, poured into a second vessel, then scavenger
antigens which are bound to a structure are added. The mix-
ture is agitated and then poured into a well for detection.

[0141] The wide commercial applicability of the various
embodiments disclosed herein extends from conventional
laboratory usage to portable devices which are field deploy-
able. These settings include: retail testing kiosks, employer
drug testing sites, remote healthcare and development
projects, natural disaster relief efforts, and war zones. Some
of these embodiments would be submersible. Others would
be utilized for in-line flow projects such as municipal water
district and pool water industry analysis. Some of these
designs may be utilized for the analysis of gases and vapors as
well as liquids.

Continuous Immunosorbent Assay

[0142] A separate method which allows continuous analy-
sis for single or multiple analyte may be performed, wherein
no specific well is utilized and the sample is continuously
flowing and mixed with antibody. In this method, a structure
having bound scavenger antigens attached to it moves con-
tinuously through the mixed sample. As the mixture continu-
ously flows through the system, excess antibody is removed
from the mixture and the sample is analyzed. This method is
particularly useful for analysis of water supplies for munici-
palities and public pools.

[0143] Key elements of this methodology include a mecha-
nism which permits the continuous flow of the target, the flow
and regeneration of the antibodies, and a structure which
includes a regenerating surface area for scavenger antigens.
In this dynamic methodology, many of the elements utilized
in the static methodology are equally applicable, such as the
types of samples, the types of scavenger antigens, and the
various structures having bound to scavenger antigens.

[0144] As shown in FIG. 35, the methodology for the Con-
tinuous ISA extends the ISA to be able to test continuously
rather than for only a single test or batch. Instead of admitting
a certain amount of fluid to be tested into a vessel and then
sealing the vessel, the Continuous ISA operates with the fluid
to be tested being pumped on a continuous basis into the
device. In this case, the precision of the test is directly related
to the precision of the pumps.

[0145] The test fluid 116 is pumped into the system with
Sample Pump 118. The Tagged Antibody (one or more types)
carried in an “inert” fluid is carried from the reservoir 110 and
is introduced by the Antibody Pump 112 via flow injection
nozzle 114. They are thoroughly mixed in a mixing chamber
120 (the preferred method is with a static mixer well known in
the art). The mixing chamber must be sized to provide suffi-
cient mixing based on the flow rates. Once the combined fluid
passes through the mixing chamber where the targets have
come into contact with the tagged antibodies, the fluid passes
through the scavenging chamber 122.

[0146] The scavenging chamber is where the fluid comes
into contact with the scavenger antibody to remove the excess
antibodies. If the test is for a short period, the scavenger
chamber may be fixed and have enough scavenger antibody
affixed to the walls, beds, screens, etc. to capture all of the
target antibody for the test. The preferred method is to have
the scavenger antibody continuously refreshed, so the testing
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may be done without interruption indefinitely. This may be
done by many means (alternating chambers, rotating drum,
etc.).

[0147] The preferred embodiment uses a tape 124 coated
with scavenger antigens. If conjugated pairs of scavenger
antibodies and primary antibodies are being provided in the
flow from the mixing chamber, then only one type of scaven-
ger antigen needs to be provided on the tape. If conjugated
pairs are not being utilized, then multiple types of scavenger
antigens must be provided. The tape is fed through the scav-
enging chamber 122 (in the opposite direction from the test
fluid flow) at a rate calculated to be sufficient to capture all the
antibodies. The scavenger tape 124 passes from a tape supply
reel 130 through seal 1265 through the scavenging chamber
122 and through seal 1264 to the tape take-up reel 128. The
seals prevent the test fluid from leaking out of the scavenging
chamber. Between the entry point and the exit point the tape
twists to induce turbulence and ensures all of the excess
antibodies are removed. The test fluid then flows through a
precision detection chamber 132 with optically clear lenses
134 at each end where the fluid is illuminated (via illumina-
tion source 136) and evaluated (by photo detector 138) just as
in the ISA. The test fluid then flows out of the system through
outlet/drain 140. This method may also be used for continu-
ous reagent tests. In this embodiment, the antibody pump
would pump in the reagent and the scavenging chamber is not
required.

Use of ISAMA for Analysis of Micro-Organisms

[0148] The various embodiments of ISAMA of the present
invention may also be utilized to detect a plurality of different
targets on a single organism or molecule, permitting a single
test determination as to which of a variety of similar target
types are in a sample. Two different aspects of a single organ-
ism or complex molecule (as opposed to one aspect of each of
two different species) may be analyzed. For example, Influ-
enza A viruses have different types of the glycoproteins
Haemagglutinin and Neuraminidase expressed on their outer
coat (HIN1, H2N2, H8H3, etc). With one test, the presence of
HIN1 viruses in the sample may be determined. Different
types of HIN1 from different years may also be detected if
there is another distinction in their coat. With bacteria, the
different antigens expressed on their surface are myriad and
can be carefully selected to locate specific types, strains, etc.
immediately in a sample. Another example is a screening test
for different molecules expressed on the surface of bacteria.
This can be accomplished in a single test rather than using
iterative flow cytometry.

[0149] A group of microorganisms, viruses, or cells may be
classified together based on their cell surface antigens, or
serotype. Such epidemiologic classification of organisms by
serotype is important in determining species, sub-species,
pathogenicity, etc. For example, as shown in FIG. 404, a
sample 200 may have four different organisms 206, 208, 210,
and 212 present. The analyte bacteria 208, and the non-ana-
lyte bacteria 206, 210, and 212 each have two different types
of antigens on its surface. The sample 200 also has scavenger
antigens 202 and 204 clustered on the wall of the detection
device. Two different tagged antibodies 214 and 216, are
introduced into the sample, as shown in FIG. 40B, each anti-
body having a different tag and a different antigen. As shown
in FIG. 40C, the antibodies only bind to one type of antigen.
For example, if the organisms are influenza viruses, and the
presence of N1H6 is being determined, then antibodies to N1
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(tagged with red) are introduced and antibodies to H6 (tagged
with blue) are introduced. The N1H6 can be detected because
both red and blue are visible at the same time 208. The
double-tagged analyte bacteria 208, is bound to tagged anti-
bodies 214a and 216a. Other types of bacteria 206, 210, and
212, show up as only one color210, the other color 212, ornot
atall 206. As shown in FIG. 40C, 206 is not bound to a tagged
antibody. Bacteria 210 is bound to one antibody 2165. Bac-
teria 212 is bound to different antibody 2145. The excess
antibodies 214¢ and 216¢ are shown bound to the scavenger
antigens 202z and 2041 on the wall of the detection device.
[0150] A similar but different scenario is directed to the
solution of a major problem with water testing. Currently,
testing is possible for organisms of one type or another but it
is not possible to determine whether they are alive or dead.
This problem can be solved using this method for analysis of
two different aspects of a single organism by utilizing Pro-
pidium iodide (PI) stain (which is well known in the art to
only stain live organisms) and one antibody. With this
method, live organisms will show up with two colors, dead
organisms show up with only the antibody tag (the dye in the
sample being sufficiently dilute to avoid spoiling the test).
This methodology can also be performed utilizing a Qdot®.
For example, one Qdot® known in the art is covered with a
protein which prevents it from fluorescing unless it has been
absorbed into a cell. This method can also be performed with
two different stains.

[0151] FIG. 39A and FIG. 39B are further schematic rep-
resentations of the immunoassay for analysis of micro-organ-
isms of the present invention. FIG. 39A illustrates the pre-
ferred use of multiple distinguishing tags. In this
embodiment, the scavenger antibodies are bound with tagged
primary antibodies. The scavenger antibodies of those con-
jugated pairs that do not bind to analyte bacteria bind to the
scavenger antigens. Alternatively, as shown in FIG. 39B, two
(or more) types of scavenger antigens may be utilized with the
elimination of the corresponding conjugated scavenger anti-
bodies (bound with tagged primary antibodies in FIG. 39A).
In this embodiment, the tagged primary antibodies (each
having distinguishable tags) bind to a distinct scavenger anti-
gen.

[0152] Forexample, some bacteria such as E. coli serotype
O157:H7 have somatic and flagella proteins expressed on
their surface (with “O” referring to the somatic antigen num-
ber and “H” referring to the flagella protein number). There
are currently no single tests that can identify one serotype.
Thereare ELISA tests that have two sets of antibody steps that
can be used to identify serotype. However, the ISAMA meth-
odology of the present invention can be used with one anti-
body for the somatic antigen and one antibody for the flagella
antigen. Thus, by locating the bacteria that glow with both
colors, bacteria of that specific serotype can be identified.
Bacteria of another serotype may glow in one or the other
color, but not with both. Such a dual detection test would be
very useful for identification of specific types of organisms,
particularly in the field.

[0153] Although various embodiments of the method and
apparatus of the present invention have been illustrated in the
accompanying Drawings and described in the foregoing
Detailed Description, it will be understood that the invention
is not limited to the embodiments disclosed, but is capable of
numerous rearrangements, modifications and substitutions
without departing from the spirit of the invention as set forth
herein.
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We claim:
1. A method for immunologically analyzing a sample for
an analyte object, the analyte object having a plurality of
distinct target antigens, the method comprising the steps of:
(a) introducing scavenger antigens into a well and binding
them to the well;
(b) introducing test fluid into the well to form a solution,
the step of introducing test fluid comprising the steps of:
(1) for each of the plurality of distinct target antigens,
introducing bound pairs each comprising a scavenger
antibody and a unique tagged antibody into the well,

(i1) introducing the analyte object having a plurality of
distinct target antigens into the well;

(¢) agitating and retaining the solution in the well to allow
binding to occur first between each unique tagged anti-
body and its associated target antigen on the analyte
object and second, in the absence of sufficient target
antigen on the analyte object, between the scavenger
antibodies and the scavenger antigens; and

(d) immediately after agitating the well and while retaining
the solution in the well, detecting each unique tagged
antibody bound to its associated target antigen on the
analyte object that remain suspended in the solution in
the well.

2. A method for immunologically analyzing a sample for a

single analyte comprising the steps of:

introducing scavenger antigens into a well in a first fixed
position;

introducing target antigens into a well in a second fixed
position apart from the first fixed position of the scav-
enger antigens;
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introducing tagged antibodies into the well, the tagged
antibodies in flow communication with both the first and
second fixed positions;

whereby flow communication of the tagged antibodies
allows binding to occur first between the tagged anti-
bodies and the target antigens in the second fixed posi-
tion, and second, in the absence of sufficient target anti-
gens, between the tagged antibodies and the scavenger
antigens in the first fixed position; and

detecting tagged antibodies bound to target antigens in the
second fixed position in the well.

3. A method for immunologically analyzing a sample for

multiple analytes comprising the steps of:

introducing scavenger antigens into a well in a first fixed
position;

introducing target antigens into a well in a second fixed
position apart from the first fixed position of the scav-
enger antigens;

introducing bound pairs of scavenger antibodies and
tagged primary antibodies into the well, the tagged anti-
bodies in flow communication with both the first and
second fixed positions;

whereby flow communication of the tagged antibodies
allows binding to occur first between the tagged primary
antibodies and the target antigens in the second fixed
position, and second, in the absence of sufficient target
antigens, between the scavenger antibodies and the
scavenger antigens in the first fixed position; and

detecting tagged antibodies bound to target antigens in the
second fixed position in the well.
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