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7) ABSTRACT

The invention provides assay methods and kits that in
general measure the level of a first analyte in a sample
reduced by the level of a second analyte present in the same
sample. In one embodiment, where levels of a first analyte
from a first source is desirably determined and first analyte
in the sample released from a second source is accompanied
by proportional co-release of a second analyte, the assay
identifies the level of first analyte released only from the first
source. For analytes within bodily fluids, the assay can
differentiate between elevated levels of analyte specific to
the particular physiological or pathological state and
elevated levels not specific to the particular state, providing
single tests with diagnostic utility.
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DIFFERENTIAL IMMUNOASSAY

CROSS-REFERENCE TO RELATED
APPLICATIONS

[0001] Priority under 35 U.S.C. §119(e) is claimed to
Provisional Applications serial No. 60/227,536, filed Aug.
24, 2000, and No. 60/292,497, filed May 21, 2001, both of
which are incorporated by reference herein in their entire-
ties.

BACKGROUND OF THE INVENTION

[0002] Innumerable qualitative and quantitative tests are
available for detecting the presence or level of particular
substances in a sample. Sources of such samples range from
industrial environments such as mines, wastewater process-
ing, food quality, soil testing, among many others. In the
medical field, tests for substances in bodily fluids are well
known, and are aids to prognostication, diagnosis, and
monitoring the progression and treatment of various condi-
tions and diseases. In many cases, multiple tests are per-
formed on a sample and a health care professional then
makes a presumptive diagnosis based on the various levels
of particular analytes in the sample, among other informa-
tion gained, for example, from examining a patient.

[0003] In certain circumstances, particular in the emer-
gency room and ambulance call, time is of the essence in
arriving at a diagnosis and initiating appropriate therapy to
intervene in the morbidity and mortality of a rapidly dete-
riorating condition. One such example is diagnosis of a heart
attack in an individual with chest pain or recent onset.
Multiple diagnoses may be attributable to chest pain, yet
diagnosis based on electrocardiogram or levels of cardiac
markers released into the circulation are needed for a con-
firmatory diagnosis and initiation of a course of therapy,
which would be unwise in a patient not having a heart attack.
Thus, the need for rapid and accurate, early diagnostic tests
is apparent for such emergency conditions.

[0004] Although such early tests are available, even such
tests are not without flaws. For example, diagnosis of a heat
attack within six hours of the onset of chest pain is difficult
to perform with a single test. While the cardiac marker
troponin I has been recently adopted as a single and highly
accurate indicator, it is not detectable until after about six
hours, leaving a large window where early initiation of
treatment would be highly desirable but dangerous without
an accurate diagnosis. Another cardiac marker, myoglobin,
is released into the circulation earlier than troponin I, but is
not specific for cardiac tissue, as skeletal muscle damage
also releases myoglobin into the circulation. Additional tests
may be performed together with myoglobin to attempt to
identify its origin, in order to improve the accuracy of an
early diagnosis.

[0005] The foregoing example of heart attack is merely
one example of a myriad of diagnoses, which if to be carried
out with a high degree of accuracy, need additional, cor-
roborative tests. Although the combination of multiple
assays performed simultaneously increases diagnostic pre-
cision, it is undesirable in that it also increases the com-
plexity of the testing, the coordination of the timing of the
separate test procedures and availability of the information,
and the amount of information that must be processed
manually or otherwise, often under emergency conditions.
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[0006] It is towards the simplification of multiple analyte
diagnostic tests to provide a single readout reliably indica-
tive of a particular diagnosis that the present invention is
directed.

BRIEF DESCRIPTION OF THE INVENTION

[0007] In its broadest aspect, the present invention pro-
vides an assay useful to determine the relative levels at
which different analytes are present in a sample. In the
present assay, the extent of the readout is related to the level
of the first analyte and that of the second analyte. Thus, in
one embodiment, the readout provides either a ratio of the
level of the first analyte to the second, or the difference in
levels between the first analyte and the second analyte.

[0008] The assay of the invention is useful for situations in
which a ratio or difference between the levels of the first and
second analytes is diagnostically useful, and a single readout
that takes the two values into consideration in generating a
single differential value can be as informative and directive
of further action as would be obtaining the individual values
and mentally evaluating or arithmetically calculating the
difference or ratio, and then acting upon the result. The
method of the invention simplifies decision making by
internally integrating the results of at least two individual
analyte levels.

[0009] By way of non-limiting example, the first analyte
and second analytes may be markers useful for determining
the health status of an individual, wherein the ratio or
difference among the markers is diagnostically informative.
In a particular embodiment, elevated levels of the first
analyte may be indicative of a life-threatening medical event
only if the level of the second analyte is not elevated. In
another embodiment, the second analyte also being elevated
is indicative of an event. In a third and preferred embodi-
ment, an analyte may originate from different bodily sources
and the origin is diagnostically useful; the assay of the
invention is useful for identifying the source of elevated
levels of the first analyte. In this embodiment, the format of
the assays of the invention takes advantage of the co-release
of another analyte from the bodily source other than the
intended source (referred to herein as a non-target-source
marker) whose level is effectively subtracted from that of the
total level of desired analyte to provide in a single test, a
readout specific to the analyte source.

[0010] In one broad aspect, the single assay for a prese-
lected analyte is indicated as the level of the first analyte
reduced proportionally by the level of a second analyte
present in the sample. A reading is obtained only if the first
analyte is present, and the detected level of the first analyte
is reduced as the level of the second analyte increases.

[0011] In the present assay, the relative presence or level
of first and second analytes in a given sample is revealed by
utilizing a labeling reagent for one of the two analytes that
labels that analyte through a reaction that is inhibited by the
other analyte. More particularly, in the present assay, the
readout is dependent on binding, to one of the analytes
selectively, of a labeling reagent complex the formation of
which is inhibited by any second analyte present in the
sample. Thus, labeling of the analyte targeted by the labeling
reagent proceeds in the absence of the second analyte, and
a reading is obtained. No reading is obtained when the first
analyte is absent from the sample. When both analytes are
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present in the sample, the labeling reaction proceeds but in
a manner that is competitively inhibited by the second
analyte. Thus, the relative levels at which the first and
second analytes are present in the sample is reflected by the
extent to which the first analyte is labeled, and this is
ultimately reflected in the readout obtained following per-
formance of the assay.

[0012] Thus, in one of its aspects, the present invention
provides a method useful to assay a sample to detect the
presence or relative levels therein of first and second ana-
lytes, the method comprising the step of bringing the sample
into contact with a labeling reagent means adapted to form
a labeling complex that binds to and thereby labels the first
analyte, wherein formation of the labeling complex is inhib-
ited by second analyte present in the sample.

[0013] In a preferred aspect of the invention, the labeling
reagent means comprises two components: a labeled binding
partner for the second analyte, and a conjugate formed by
coupling of a second analyte itself and a binding partner for
the first analyte. When second analyte is absent, the first
analyte is thus labeled by formation of complexes between
the first analyte and the first analyte binding partner, and the
second analyte and the labeled second analyte binding
partner. When present in the sample, however, the second
analyte becomes a competitor for binding to the labeled
second analyte binding partner, and thereby inhibits binding
of that labeled second analyte binding partner to the conju-
gate, thus reducing labeling of the first analyte.

[0014] In a particular embodiment, a method is provided
for identifying in a sample the presence or level of a first
analyte above the level of a second analyte comprising the
steps of

[0015] (a) forming a reaction mixture by contacting
the sample with reagent means for labeling the first
analyte, the labeling reagent means comprising a
mobile, labeled binding partner to the second ana-
lyte, and a conjugate between the second analyte and
a binding partner to the first analyte;

[0016] (b) contacting the reaction mixture with an
immobilized binding partner to the first analyte;

[0017] wherein the extent of formation of a complex
comprising the mobile, labeled binding partner to the second
analyte, the conjugate between the second analyte and the
binding partner to the first analyte, the first analyte, and the
immobilized binding partner to the first analyte, is indicative
of the presence or level of the first analyte in the sample
reduced by the level of the second analyte in the sample.
Desirably, the reaction is staged by first bringing the sample
into contact with the mobile, labeled binding partner to the
second analyte to allow any second analyte in the specimen
to become bound thereto, and then presenting the conjugate
before finally contacting the resultant mixture with immo-
bilized binding partner to the first analyte. In this way, the
inhibitory effect of sample-borne second analyte is maxi-
mized, by allow it to react first with the labeled second
analyte binding partner before allowing the conjugate to
compete therewith for binding.

[0018] By way of non-limiting example, the aforemen-
tioned binding partners may be antibodies. The label may be
colloidal gold. The sample may be, by way of non-limiting
example, a bodily fluid, wastewater, a foodstuff; preferably,
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it is a bodily fluid such as whole blood, serum, plasma, or
urine. By way of example, the first analyte may be a cardiac
marker, such as myoglobin, and the second analyte may be
a different analyte co-released from a non-cardiac source
along with the first analyte, such as carbonic anhydrase 111
which is released from damaged skeletal muscle along with
myoglobin. For determining the level of myoglobin origi-
nating from the heart, the mobile, labeled binding partner to
the second analyte may be a gold-labeled monoclonal anti-
carbonic anhydrase III antibody, the conjugate between the
second analyte and a binding partner to the first analyte may
be a conjugate between carbonic anhydrase III and an
anti-myoglobin monoclonal antibody, and the immobilized
binding partner to the first analyte may be an anti-myoglobin
monoclonal antibody.

[0019] The conjugate between the second analyte and a
binding partner to the first analyte may be a covalent
conjugate between the members, such as is achievable using
a homobifunctional or heterobifunctional cross-linking
agent or carbodiimide, or it may comprise a single-chain
polypeptide on which reside both the second analyte, or an
epitope thereof, and a binding partner, or binding portion
thereof, to the first analyte, such that each member retains its
desired activities within the conjugate or single-chain
polypeptide. For example, the conjugate between an anti-
body to myoglobin and carbonic anhydrase III may include
a single-chain polypeptide comprising carbonic anhydrase
I and the immunoglobulin heavy chain, which when
assembled into the functioning antibody, provides binding
sites for myoglobin and a carbonic anhydrase III portion to
which the labeled anti-carbonic anhydrase III antibody may
bind. The analyte portion of any of the conjugates herein
may be the full-length analyte or a fragment bearing the
epitope recognized by the corresponding binding partner.
The foregoing example may be used to diagnose a heart
attack by indicating an elevated level of myoglobin exists
over that which may derived from a non-cardiac source. In
this case, the level of cardiac and skeletal (i.e., total)
myoglobin detected in the assay is reduced by the amount of
carbonic anhydrase III present in the sample, the latter
equivalent to the level of skeletal muscle-derived myoglo-
bin.

[0020] In a second embodiment, a homogencous assay
similar to that above is provided which employs slightly
different reagents, but applies the same principles. In this
embodiment, a further binding interface is incorporated into
the labeling reaction. Particularly, the conjugate between the
first analyte binding partner and the second analyte instead
introduces a further biotin/streptavidin interaction, and the
conjugate thus is represented by two reagents; one in which
biotin is conjugated with either the first analyte antibody or
the second analyte, and another in which streptavidin or a
biotin-binding component thereof is conjugated with the
other of the first analyte antibody or the second analyte. In
an embodiment, the conjugate reagents are a first conjugate
between first analyte antibody and biotin, and a second
conjugate between streptavidin and the second analyte.

[0021] Thus, a method is provided for identifying in a
sample the presence or level of a first analyte above a second
analyte, the method comprising conducting an assay follow-
ing the steps of

[0022] (a) forming a reaction mixture by contacting
the sample with
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[0023] (1) a mobile, labeled binding partner to the
second analyte,

[0024] (2) a conjugate between the second analyte
and streptavidin, and

[0025] (3) abiotinylated binding partner to the first
analyte; and then

[0026] (b) contacting the reaction mixture with an
immobilized binding partner to the first analyte;

[0027] wherein the extent of formation of a complex
comprising the mobile, labeled binding partner to the second
analyte, the conjugate between the second analyte and
streptavidin, the biotinylated binding partner to the first
analyte, the analyte, and the immobilized binding partner to
the first analyte, is indicative of the presence or level of the
first analyte in the sample reduced by the level of the second
analyte in the sample.

[0028] Desirably, the assay is performed by staging the
addition of reagents in step (a), so that sample is first
exposed to the mobile labeled binding partner to the second
analyte so that any second analyte in the sample becomes
bound thereto, before addition of the competitive-binding
conjugate between streptavidin and the second analyte.

[0029] By way of non-limiting example, the aforemen-
tioned binding partners may be antibodies. The label may be
colloidal gold. Streptavidin, or a biotin-binding component
thereof, or another biotin-binding partner may be used. The
sample may be a biological sample such as a bodily fluid:
examples include whole blood, serum, plasma, and urine. By
way of example, the first analyte may be a cardiac marker,
such as myoglobin, and the second analyte may be a
different analyte co-released from a non-cardiac source
along with the first analyte, such as carbonic anhydrase III
released from damaged skeletal muscle along with myoglo-
bin. For determining the level of myoglobin originating
from the heart, the mobile, labeled binding partner to the
second analyte may be a gold-labeled monoclonal anti-
carbonic anhydrase III antibody, the conjugate between the
second analyte and a biotin-binding molecule a conjugate
between carbonic anhydrase I1I and streptavidin, a conjugate
between biotin and a binding partner to the first analyte may
be a biotinylated anti-myoglobin monoclonal antibody, and
the immobilized binding partner to the first analyte may be
an anti-myoglobin monoclonal antibody.

[0030] The conjugate between the second analyte and a
binding partner to biotin may be a covalent conjugate
between the members, such as is achievable using a homo-
bifunctional or heterobifunctional cross-linking agent or
carbodiimide, or it may comprise a single-chain polypeptide
on which reside both the second analyte or an epitope
thereof, and streptavidin or the biotin-binding portion
thereof, such that each member of the conjugate of single-
chain polypeptide independently retains its respective bind-
ing activity. For example, the conjugate between streptavi-
din and carbonic anhydrase III may be a single-chain
polypeptide comprising carbonic anhydrase III, or an
epitope thereof, and streptavidin or a biotin-binding portion
thereof, thus providing binding sites for both a biotinylated
antibody and anti-carbonic anhydrase III antibody. As men-
tioned above, the analyte portion of any of the conjugates
herein may be the full-length analyte or a fragment bearing
the epitope recognized by the binding partner. The foregoing
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example may be used to diagnose a heart attack by indicat-
ing an elevated level of myoglobin exists over that which
may derived from a non-cardiac source, in the same manner
as described in the previous embodiment. Variations on
these embodiments in the selection of the reagents and
operation of the components of the test are fully embraced
within the spirit and scope of the present invention.

[0031] In a preferred embodiment, the first or preselected
analyte is an analyte originating from a target source whose
level is desirably measured over the same analyte originat-
ing from a source other than the target source. A second
analyte is a marker that is released from the non-target
(other) source in proportion to the level of first analyte
released from the non-target source. The assay of the inven-
tion subtracts or proportionally reduces, depending on bind-
ing partner affinities, from the total level of first analyte
(from the target and non-target source) the level of the
second analyte, which effectively subtracts the level of the
first analyte derived from the non-target source from the
readout value.

[0032] By selecting the affinities of the binding partners to
the analytes and ratio of the components in the conjugates of
the invention, as well as using fragments of the analytes
comprising the epitope of the analyte recognized by the
binding partners, the relative sensitivity of the assay to the
first analyte and especially the reduction in value achieved
by the presence of any second analyte in the sample may be
adjusted to provide an assay which essentially reads out the
ratio between the first analyte and the second analyte. For
example, if the second analyte is released from the non-
target tissue in very small amounts compared to the amount
of the target analyte released from the non-target source, use
of a higher affinity antibody in the conjugate of the invention
to the second analyte in contrast to a lower affinity antibody
to the first analyte will increase the sensitivity of the assay
to any second analyte present in the sample. Such variations
in the invention are within the realm embraced here, and one
of skill in the art by following the teachings herein will
readily prepare an assay for other analytes or with other
operating characteristics, sensitivities, ranges, or other
parameters.

[0033] Thus, in one embodiment, a method is provided for
identifying in a sample the presence or level of a preselected
analyte originating from a target source, wherein any level
of the preselected analyte in the sample originating from a
source other than the target source is associated with an
increased level in the sample of a marker from the source
other than the target source, the method comprising con-
ducting an assay following the steps of

[0034] (a) contacting the sample with a labeling
reagent comprising (1) a mobile, labeled binding
partner to one of the preselected analyte and the
marker, (2) a conjugate between the marker and a
binding partner to the preselected analyte; and then

[0035] (c) contacting the resulting sample with an
immobilized binding partner to the other of the
marker and the preselected analyte;

[0036] wherein the extent of labeling of said immobilized
binding partner is indicative of the presence or level of the
preselected analyte in the sample reduced by the level of the
marker originating from the source other than the target
source.
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[0037] In a preferred embodiment, the immobilized bind-
ing partner is a binding partner for the analyte, and the
labeled, mobile binding partner is a binding partner for the
marker.

[0038] By way of non-limiting example, the aforemen-
tioned binding partners may be antibodies. The label may be
colloidal gold. The sample may be a biological sample such
as whole blood, serum, plasma, or urine. By way of
example, the preselected analyte may be a cardiac analyte,
such as myoglobin, and the corresponding marker may be
carbonic anhydrase III. For determining the level of myo-
globin originating from the heart, the mobile, labeled bind-
ing partner to said marker may be a gold-labeled monoclonal
anti-carbonic anhydrase III antibody, the conjugate between
the marker and a binding partner to the preselected analyte
may be a conjugate between carbonic anhydrase III and an
anti-myoglobin monoclonal antibody, and the immobilized
binding partner to the preselected analyte may be an anti-
myoglobin monoclonal antibody. The conjugate between the
marker and a binding partner to the preselected analyte may
be a covalent conjugate between the members, such as is
achievable using a homobifunctional or heterobifunctional
cross-linking agent or carbodiimide, or it may comprise a
single-chain polypeptide on which reside both the marker or
an epitope thercof and a binding partner or portion thereof,
such that each member retains the desired activities in the
conjugate or single-chain polypeptide. For example, the
conjugate between an antibody to myoglobin and carbonic
anhydrase III may include a single-chain polypeptide com-
prising carbonic anhydrase Il and the immunoglobulin
heavy chain, which when assembled into the functioning
antibody, provides binding sites for myoglobin and a car-
bonic anhydrase III portion to which the labeled anti-
carbonic anhydrase III antibody may bind. The foregoing
example may be used to diagnose a heart attack, as described
above.

[0039] In a second embodiment, an assay similar to that
above is provided which employs variations in the compo-
nents, but provides the same objectives. Thus, a method is
provided for identifying in a sample the presence or level of
a preselected analyte originating from a target source,
wherein any level of said preselected analyte in the sample
originating from a source other than the target source is
associated with an level in the sample of a marker from the
source other than the target source, the method comprising
conducting an assay following the sequential steps of

[0040] (a) first contacting the sample with an analyte
labeling reagent comprising

[0041] (1) a mobile, labeled binding partner to one
of the preselected analyte or the marker,

[0042] (2) a conjugate between the marker and one
of biotin and streptavidin, and

[0043] (3) a binding partner to the preselected
analyte conjugated to the other of biotin and
streptavidin, and then

[0044] (b) contacting the sample with an immobi-
lized binding partner to the other of the preselected
analyte and the marker;

[0045] wherein the extent of labeling of the immobilized
binding partner is indicative of the presence or level of the
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preselected analyte in the sample reduced by the level of the
marker in the sample originating from the source other than
the target source.

[0046] In a preferred embodiment, the analyte labeling
reagent comprises (1) a mobile, labeled binding partner to
the marker, (2) a conjugate between the marker and strepta-
vidin, and (3) a biotinylated binding partner to the prese-
lected analyte.

[0047] In other preferred embodiments, the immobilized
binding partner is a binding partner for the analyte.

[0048] By way of non-limiting example, the aforemen-
tioned binding partners may be antibodies. The label may be
colloidal gold. The sample may be a biological sample such
as whole blood, serum, plasma, or urine. By way of
example, the preselected analyte may be a cardiac analyte,
such as myoglobin, and the corresponding marker may be
carbonic anhydrase III. For determining the level of myo-
globin originating from the heart, the mobile, labeled bind-
ing partner to the marker may be a gold-labeled monoclonal
anti-carbonic anhydrase III antibody, the conjugate between
the marker and streptavidin may be a conjugate between
carbonic anhydrase III and streptavidin, the biotinylated
binding partner to the preselected analyte may be biotiny-
lated anti-myoglobin monoclonal antibody, and the immo-
bilized binding partner to the preselected analyte may be an
immobilized anti-myoglobin monoclonal antibody.

[0049] The aforementioned conjugate between the marker
and streptavidin may be a covalent conjugate prepared, for
example, by use of a homobifunctional or heterobifunctional
cross-linking agent or carbodiimide, or may be a single-
chain polypeptide on which reside both the marker or an
epitope thereof and streptavidin, each retaining its desired
activities and ability to participate in the above-mentioned
assay. The foregoing example may be used to diagnose a
heart attack.

[0050] Of course, in the above methods, wherein two
binding partners bind to the preselected analyte, each must
be capable of recognizing a different binding site on the
preselected analyte such that both binding partners can
independently bind and permit the final labeled complex to
form if the second analyte (marker) is not present at a level
relatively greater than that of the first analyte. Moreover, the
sensitivities and selectivities of the foregoing assays may be
adjusted, for example, depending on the relative levels of the
preselected analyte released from the target source, the level
released from the non-target source, and the amount of
co-release of the non-target-source marker relative to the
release of the preselected analyte from the non-target source.
The ratios of the components in the various reagents of the
assays may be adjusted, and any reduced binding thereby
compensated for in another reagent, as an example of the
flexibility of the assay for various analytes.

[0051] Preferably, the foregoing binding partners are anti-
bodies, and may be monoclonal or polyclonal antibodies.
The preselected analyte is preferably a biomolecule, such as
a protein, carbohydrate, nucleic acid, lipid, glycoprotein,
glycolipid, by way of example, but it is not so limited. The
preselected analyte is capable of being recognized by the
binding of two different binding partners, preferably anti-
bodies. The presclected analyte may be present in any
sample, including that from a human or animal body, food-
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stuff or food processing or manufacturing facility, domestic
or industrial water supply, etc. Preferably, the sample is a
bodily fluid from a human. In a preferred embodiment, the
sample is whole blood, the preselected analyte is myoglobin,
and the marker is carbonic anhydrase III.

[0052] The marker that is also present in the sample is
preferably a biomolecule, such as a protein, carbohydrate,
nucleic acid, lipid, glycoprotein, glycolipid, by way of
example, but it is not so limited. The marker is capable of
binding to a binding partner for the marker, preferably an
antibody, and the presence of any marker in the sample is
capable of competing for binding to the binding partner to
the marker with a conjugate comprising the marker, as
described above.

[0053] The multiple steps in the foregoing examples of the
assay of the invention described above may be best illus-
trated by specific example. Elevated levels of circulating
myoglobin, a cardiac and skeletal muscle protein, may be
diagnostic for a heart attack if the myoglobin is of cardiac
(heart) origin and not from skeletal muscle. Elevated circu-
lating myoglobin from skeletal muscle may indicate muscle
damage. While other, more specific cardiac markers are
available, myoglobin is particularly desirable if its source
can be determined, as it is released early following heart
muscle damage, in contrast to other more specific cardiac
markers, which are detectable later (for example, after six
hours). The method of the present invention provides the
level of myoglobin of cardiac origin over that of skeletal
origin by taking advantage of the simultaneous release from
skeletal muscle of carbonic anhydrase IIT (CAIII) together
with myoglobin. Thus, the first method described herein-
above employs a test strip with 1) a mobile, labeled anti-
carbonic anhydrase III antibody; 2) a mobile covalent or
single-chain polypeptide-containing conjugate between car-
bonic anhydrase III and anti-myoglobin antibody; and 3)
anti-myoglobin antibody immobilized at the capture zone. In
the presence of myoglobin in the sample, myoglobin will
form an immunocomplex with the mobile carbonic anhy-
drase II-anti-myoglobin antibody conjugate, which will be
captured at the capture zone by the immobilized anti-
myoglobin antibody. The mobile, labeled anti-carbonic
anhydrase III antibody will bind to the carbonic anhydrase
IIT on the conjugate, forming a positive band due to the
presence of the label. However, in the presence of both
myoglobin and carbonic anhydrase III in the sample, the
level of binding of the labeled anti-carbonic anhydrase
antibody to the mobile carbonic anhydrase [1I-anti-myoglo-
bin antibody conjugate will be reduced and therefore less
will be available to bind to the carbonic anhydrase III on the
conjugate, and a reduced or negative result will be obtained,
depending on the amount of carbonic anhydrase III present
in the sample.

[0054] In the second method described above which
employs slightly different reagents, myoglobin in the sample
will form an immunocomplex with the biotinylated anti-
myoglobin antibody, which will then be captured at the
capture line by the immobilized anti-myoglobin antibody.
The conjugate (covalent or single-chain polypeptide)
between streptavidin and carbonic anhydrase I1I will bind to
the biotinylated antibody at the capture line, and the mobile,
labeled anti-carbonic anhydrase III will further bind to the
streptavidin-carbonic anhydrase III conjugate in the com-
plex, forming a positive band. However, in the presence of
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both myoglobin and carbonic anhydrase III, the level of
binding of the mobile, labeled anti-carbonic anhydrase III
antibody to the streptavidin-carbonic anhydrase III conju-
gate will be reduced by the any carbonic anhydrase 11 in the
sample, and therefore will no longer be available to bind to
the immobilized complex. A reduced or negative result will
be obtained, depending on the amount of carbonic anhydrase
IIT in the sample.

[0055] Depending on antibody affinities, sample flow,
volumes, and other parameters, the foregoing assay reduces
myoglobin detectability approximately to the extent of the
presence of carbonic anhydrase IIL, in a reciprocal relation-
ship. Modifications of the foregoing methods which achieve
the same objectives are likewise embraced herein.

[0056] It will further be appreciated that formats alterna-
tive to the lateral flow, strip-based format can also be utilized
to perform the present assay. In particular, and in embodi-
ments of the invention, the assay is performed in ELISA
format, using for instance standard microwell trays conve-
nient for use in robotic readers. In this format, for instance,
the sample is mixed with the analyte labeling reagent, and
the mixture is then contacted with a binding partner for one
of the analytes, desirably the preselected analyte that has
been immobilized in the standard way. Following incubation
to allow formation of the labeling complex, unbound sample
is removed by washing, and a reading is then taken of the
immobilized label.

[0057] Other pairs of first and second analytes for which
knowledge of a ratio or difference in levels is diagnostically
useful include fatty acid binding protein and carbonic anhy-
drase III, and myosin light chain and carbonic anhydrase II1
for the diagnosis of heart attack; and total cholesterol and
high-density lipoprotein (HDL) for assessing risk of athero-
sclerotic diseases.

[0058] The invention is also directed to conjugates or
single-chain polypeptides comprising a biotin-binding pro-
tein or protein fragment, such as streptavidin, and an analyte,
or anti-analyte-binding epitope thereof, to provide a reagents
useful in the practice of the invention. For example, a
single-chain polypeptide comprising streptavidin and car-
bonic anhydrase III is useful as the reagent which can bind
both a biotinylated antibody and an antibody to carbonic
anhydrase III, the utility of which in the practice of the
invention is evident from the teachings herein. An example
is the single-chain polypeptide shown in SEQ ID NO:1, but
this is merely illustrative of a wide variety of conjugates of
analytes and biotin-binding molecules that are embraced
herein, and may be further extended beyond biotin-strepta-
vidin to other high-affinity binding pairs between one mol-
ecule and another, each of which may be separately incor-
porated into reagents and retain their binding activity. The
foregoing conjugates preferably may be prepared by recom-
binant techniques, wherein a single-chain polypeptide com-
prising the analyte and streptavidin, joined by a linker
peptide, are expressed from a single polynucleotide con-
struct. The invention further embraces polynucleotide
sequences encoding such conjugates, such as those that
encode SEQ ID NO:1. Alternatively, cross-linking agents
may be used to form the reagent. Such include homobifunc-
tional, heterobifunctional, carbodiimides, and such conjuga-
tion methods involving covalently linking, with or without
a spacer, one functional group of a biomolecule to another
is well known in the art.
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[0059] Another reagent embraced by the present invention
is a conjugate of single-chain polypeptide comprising a
portion of an antibody (or antigen-binding domain thereof)
and a biotin-binding protein or fragment thereof, such that
the conjugate, single-chain polypeptide or full antibody may
independently recognize and bind to both its epitope and to
biotin. The use of this reagent in the practice of the present
invention will be evident from the teachings herein. By was
of non-limiting example, a reagent comprising streptavidin
or a biotin-binding portion thereof covalently bound to an
anti-carbonic anhydrase antibody, is described. These
reagents may be made by, for example, a bifunctional
cross-linking reagent to covalently bind the members of the
reagent together, or it may be prepared by recombinant
methods, for example, in the construction of a polynucle-
otide that expresses an immunoglobulin heavy chain with a
biotin-binding fragment of streptavidin fused, with our
without a linker sequence, to the C-terminal portion of the
heavy chain. Association of this single-chain hybrid immu-
noglobulin molecule with the immunoglobulin light chain
will provide a modified antibody molecule capable of both
recognizing and binding the intended epitope, and also
binding to biotin. This is merely illustrative of methods of
preparation and is not intended in any way to be limiting.

[0060] The invention also embraces polynucleotide
sequences encoding such single-chain polypeptide compo-
sitions comprising an immunoglobulin light or heavy chain
and a biotin-binding protein or peptide such as streptavidin.
A non-limiting example is a polynucleotide sequence which
encodes SEQ ID NO:1.

[0061] Thus, the invention is also directed to a conjugate
comprising an analyte or a fragment thereof, and streptavi-
din or a biotin-binding equivalent thereof e.g., a biotin-
binding variant or fragment of streptavidin, wherein inde-
pendently, the analyte or fragment thereof in the conjugate
is capable of being bound by an antibody to the analyte, and
said streptavidin or biotin-binding fragment thereof in the
conjugate is capable of binding to biotin. In a preferred
embodiment, the analyte or fragment thereof is a protein or
peptide. In a further embodiment, the protein or peptide
analyte or fragment thereof and streptavidin or a biotin-
binding fragment thereof reside on a single polypeptide
chain. In a non-limiting example, the analyte is carbonic
anhydrase III. An example of such a single-chain polypep-
tide is depicted in SEQ ID NO:1.

[0062] In another embodiment, the invention is directed to
conjugate comprising (1) an antibody to a first analyte or a
binding fragment thereof, and (2) a second analyte (marker)
or a fragment or variant thereof which competes with the
second analyte for binding to antibody to the second analyte.
In conjugated form, the antibody component in the conju-
gate is capable of binding the first analyte, and the second
analyte component is capable of being bound by an antibody
to the second analyte. In one embodiment, the second
analyte or fragment thereof is a protein or peptide. In a
further embodiment, the second analyte or fragment thereof
and a heavy chain or light chain of the antibody reside on a
single polypeptide chain. In another embodiment, the second
analyte is carbonic anhydrase III and the first analyte is
myoglobin. In other embodiments, the second analyte is
carbonic anhydrase III and the first analyte is fatty acid
binding protein, myosin light chain or any other analyte
released from cardiac tissue. The invention also embraces
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polynucleotides encoding a single-chain polypeptide com-
prising the immunoglobulin light or heavy chain and an
analyte or fragment thereof.

[0063] The invention is also directed to kits comprising
some or all of the various reagents hereinbefore described in
order to carry out any of the assays described and variations
therefore embraced herein. Referring to the first analyte as
analyte and the second analyte as marker, the following kits
are embraced herein:

[0064] KitI
[0065] 1) a labeled binding partner to the analyte;

[0066] 2) a conjugate between the marker and a
second binding partner to the analyte; and

[0067] 3) an immobilized antibody to the marker.
[0068] KitII
[0069] 1) a labeled binding partner to the marker

[0070] 2) a conjugate between the marker and a
binding partner to the analyte; and

[0071] 3) an immobilized second binding partner to
the analyte.

[0072] Kit III
[0073] 1) a labeled binding partner to the analyte,
[0074] 2) either

[0075] a) a second binding partner to the analyte
conjugated to biotin, and

[0076] b) a conjugate between the marker and a
biotin-binding reagent or
[0077] c¢) a second binding partner to the analyte
conjugated to a biotin-binding reagent, and
[0078] d) a conjugate between the marker and
biotin; and
[0079] 3) an immobilized binding partner to the
marker.
[0080] KitIV
[0081] 1) a labeled binding partner to the marker
[0082] 2) either

[0083] a) a binding partner to the analyte conju-
gated to biotin and

[0084] b) a conjugate between the marker and a
biotin-binding reagent or

[0085] c¢) a binding partner to the analyte conju-
gated to a biotin-binding reagent, and

[0086] d) a conjugate between the marker and
biotin; and

[0087] 3) an immobilized second binding partner to
the analyte.

[0088] In the foregoing Kits, the binding partners are
preferably antibodies or binding portions thereof, and both
the binding partner to the analyte and the second binding
partner to the analyte capable of simultaneously binding to
the analyte. The conjugates comprising the marker may
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comprise an epitope of the marker. The immobilized binding
partner may be provided in the form of a capture line on a
test strip, or it may be in the form of a microplate well
surface or plastic bead, by way of non-limiting examples.
The kits may be used in a homogeneous format, wherein all
reagents are added to the sample simultaneously and no
washing step is required for a readout, or the kits may be
used in a multi-step procedure where successive additions or
steps are carried out, with the immobilized reagent added
last, with an optional washing step. The teachings herein will
allow a skilled artisan to prepare other variations in kit
componentry and assay format which carry out the assay of
the invention and variations fully embraced herein. Other
reagents and instructions may be included with the forego-
ing reagents.

[0089] These and other aspects of the present invention
will be better appreciated by reference to the following
drawings and Detailed Description.

BRIEF DESCRIPTION OF THE FIGURES

[0090] FIG. 1 depicts schematically an assay of the inven-
tion, using a lateral flow strip format, for detecting cardiac-
specific myoglobin by subtracting, from the detection of
myoglobin, any carbonic anhydrase III (CAIII) present in
the sample, which is co-released with myoglobin from
non-cardiac sources. An immobilized anti-myoglobin anti-
body is provided at the capture line, and two mobile con-
jugates, representing the analyte labeling reagent, are uti-
lized: a detectable (gold-labeled) anti-CAIIl antibody
conjugate, and a CAlll-anti-myoglobin antibody conjugate.

[0091] FIG. 2A depicts schematically another embodi-
ment as in FIG. 1, which employs an immobilized anti-
myoglobin antibody at the capture line and, representing the
analyte labeling reagent, three mobile conjugate reagents: a
detectable (gold-labeled) anti-CAIIl antibody conjugate, a
CAlll-streptavidin conjugate, and a biotinylated anti-myo-
globin antibody.

[0092] FIG. 2B depicts schematically another embodi-
ment as in FIG. 2A, but using a heterogeneous format.

[0093] FIG. 3 depicts graphically the myoglobin, carbonic
anhydrase III, and the ratio therebetween, in a series of
myocardial infarction patients.

[0094] FIG. 4 depicts graphically the myoglobin, carbonic
anhydrase III, and the ratio therebetween, in a series of
patients with muscle disease.

[0095] FIG. 5 shows a depiction of an assay of the
invention, with levels of the components used in modeling
the signal needed to achieve the desired readout.

[0096] FIG. 6 shows a theoretical analysis of the signal
needed for various combinations of levels of myoglobin and
carbonic anhydrase.

[0097] FIG. 7 shows the signal generated from a math-
ematical model of the present assay over a dose range of
myoglobin with a myoglobin to carbonic anhydrase ratio of
2.9, and a carbonic anhydrase level of 2246 ng/ml.

[0098] FIG. 8 shows the signal from a mathematical
model of the present assay in the presence of a range of free
carbonic anhydrase III, with a myoglobin:carbonic anhy-
drase ratio of 2.9, and 6467 ng/ml of myoglobin.
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[0099] FIG. 9 shows the signal generated from a math-
ematical model of the present assay from a range of strepta-
vidin-carbonic anhydrase III conjugate.

[0100] FIG. 10 shows the signal generated from a math-
ematical model of the present assay from a range of bioti-
nylated antibody levels.

[0101] FIG. 11 shows the signal generated from a math-
ematical model of the present assay from a range of gold-
conjugated antibody.

[0102] FIG. 12A-B depicts a single-chain polypeptide
comprising carbonic anhydrase III and streptavidin (SEQ ID
NO:1), joined by a two-amino-acid linker, which binds to
biotin and also to an anti-carbonic anhydrase III antibody.

[0103] FIG. 13 shows the electrophoretic purity of the
streptavidin-carbonic anhydrase III single-chain polypeptide
described in FIG. 12.

DETAILED DESCRIPTION OF THE
INVENTION

[0104] As used herein, “preselected analyte” or “first
analyte” refers to a particular substance to be measured in an
assay of the invention and expressed as the difference
between or ratio over a second analyte. In a particular
embodiment, the preselected analyte may be a protein that
may be released into a bodily fluid from a particular (“tar-
get”) bodily source under a certain physiological or patho-
logical condition desirous of being determined, and may
also be released from another (“non-target”™) bodily source,
the release therefrom unrelated to the physiological or
pathological condition desirous of being determined, and
thus responsible for obscuring the usefulness of the prese-
lected analyte as a condition-specific marker.

[0105] “Non-target-bodily source” refers to the origin of a
preselected analyte not related to the physiological of patho-
logical condition being determined by the methods herein.

[0106] “Non-target-bodily-source marker,” also referred
to simply as “marker” for brevity, refers to an analyte that is
co-released with the preselected analyte into the bodily fluid
from source(s) other than the target source. It is also referred
to as the “second analyte” in the general methods described
herein. Thus, in the instance of the present method being
used diagnostically for the human body, the level of the
non-target-bodily-source marker in the bodily fluid is pro-
portional to the level of preselected analyte not of the origin
desirous of being assessed by the methods herein.

[0107] “Homogeneous” indicates that the assay, certain
embodiments, is performed on the sample in a single step, as
far as the user is concerned, without the need, as in hetero-
geneous assays, for adding reagents, washing or collecting
intermediate samples, etc., and that a positive readout, ¢. g.,
formation of color at the capture line, is indicative of a
positive result, i.e., that the preselected analyte from the
target source is present in the sample.

[0108] This application claims priority under 35 U.S.C.
§119(e) to Provisional Applications serial No. 60/227,536,
filed Aug. 24, 2000, and No. 60/292,497, filed May 21, 2001,
both of which are incorporated by reference herein in their
entireties.

[0109] The present assay is suitably applied using an
immunoassay format which is capable of detecting the
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difference or ratio between levels of two or more analytes in
a biological sample and providing a single readout indicative
of, for example, the level of one analyte minus that of the
other. Depending on the relative affinities of the various
reagents and binding partners used in the assay, the method
can also readout the ratio among the analytes. Such a readout
is useful when the level of a second analyte is needed to
interpret the diagnostic value of the level of the first analyte.
The first analyte must be present to obtain any reading, but
its level is reduced by the level of the second analyte, and
more particularly by employing a preselected analyte label-
ing reaction in which a binding partner for the preselected
analyte and the second analyte compete for binding to the
label.

[0110] This format may be used in several ways, one of
which is to read out the ratio of differences in levels among
two analytes, wherein the ratios are diagnostically useful,
such as but not limited to total cholesterol and high-density
lipoprotein (HDL) for assessing risk of atherosclerotic dis-
eases. The format may also be used to identify the origin or
source of an elevated level of a circulating analyte or marker,
if more than one source is possible, provided release of the
analyte from a second source is accompanied by release of
another marker specific to that second source. This may be
performed qualitatively or quantitatively by the methods
herein.

[0111] By way of example to place this invention in
perspective, an example related to the early and accurate
diagnosis of a heart attack is illustrated. Cardiac troponin [
is a heart-muscle-specific marker which, if detected at
elevated levels in circulation, is absolutely diagnostic of a
heart attack. However, it is not present in detectable levels
until about 6 hours following a heart attack, and such a delay
in accurate diagnosis after onset of chest pain may delay the
administration of critical therapies, such as fibrinolytic
therapy, to reduce the morbidity and mortality of the disease.
However, fibrinolytic therapy if administered to an indi-
vidual not suffering from a heart attack may have serious
complications (e.g., hemorrhage). Thus, carly and specific
diagnosis is highly desirable.

[0112] In contrast to the specificity of the foregoing “late™
marker troponin I, following a heart attack, the muscle
damage marker myoglobin is detectable in circulation much
earlier than troponin I, but myoglobin may also released
from skeletal muscle following skeletal muscle injury. It
thus is an ideal early heart attack marker if its specific
release from heart (or lack of specific release from skeletal
muscle) can be assessed. However, elevated myoglobin
levels could mean heart attack, skeletal muscle injury, or
both. As noted above, successful early therapy (and lack of
complications) is critically dependent on an accurate diag-
nosis.

[0113] Simply measuring circulating myoglobin does not
provide the needed diagnostic accuracy, since its source is
not determinable. To determine whether an elevated level of
myoglobin is of cardiac or non-cardiac origin, the single-
readout assay of the present invention takes advantage of the
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simultaneous release from injured non-cardiac muscle of
both myoglobin and carbonic anhydrase III (CAII). The
latter is not released from heart muscle as a consequence of
heart attack. Thus, separate assays for both myoglobin and
carbonic anhydrase III could be used diagnostically to
identify a heart attack, if the health care professional, when
interpreting the results of these two assays, subtracts from
the myoglobin value (representing this marker possibly
derived from both cardiac and skeletal sources) its equiva-
lent in carbonic anhydrase III level (taking into consider-
ation the relative ratio of myoglobin to carbonic anhydrase
III release from injured skeletal muscle). This is a compli-
cated calculation. However, to simplify the calculation and
interpretation of these results, an assay of the invention may
quantitatively read out only the level of myoglobin of
cardiac origin, by essentially subtracting from the total
myoglobin levels the equivalent amount of skeletal myo-
globin present based on the amount of carbonic anhydrase
III in the sample. Or in the instance of a qualitative assay, a
positive signal may be generated only if the myoglobin level
of cardiac origin is above a preestablished value indicative
of a heart attack.

[0114] The methods of the invention are applicable to any
combination of analytes, preferably pairs but it is not so
limiting. Moreover, the relative amounts of the first and
second analyte and the differentiating ability of the assay can
be adjusted by selection of the appropriate affinities of the
binding partners, preferably antibodies, of the various
reagents of the assay. Thus, if the second analyte is released
at very small amounts relative to the first marker, by use of
a higher affinity antibody to the second analyte relative to the
affinity of the antibody to the first analyte, in the various
reagents of the invention, will have the effect of giving more
weight to the level of the second analyte in reducing the
readout of the assay. These variations can be readily deter-
mined to give a signal based on the relative levels and cutoff
values of the analytes.

[0115] A physiological or pathologic condition identifiable
or diagnosable by detecting the presence in a bodily fluid of
elevated levels of a marker or analyte that is specific to the
condition is relatively easy to assess, as the mere presence
of the analyte or increase over normal levels is indicative of
the condition. Such analytes are usually unique to a particu-
lar bodily source or are only released from a single bodily
source or site of the particular condition. However, many
analytes often are not unique or specific to particular con-
dition, and the same analyte is releasable from both the
affected bodily source and possibly other sources, confound-
ing any ascribing of the elevated levels to any one source.
Thus, the present invention offers a method for providing the
necessary specificity to an assay for a particular analyte by
taking advantage of the co-release from the non-target
bodily source of another analyte, herein referred to as the
non-target-bodily-source marker (or simply, “marker”),
which when present in circulation indicates that the desired
analyte is not wholly or in part from the source of interest.
While a separate assay for the non-target-bodily-source
marker could be carried out concurrently with the prese-
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lected analyte, with the diagnostician ignoring or reduc-
ingthe presence or extent of the desired analyte based on the
detected level of the co-released marker, such interpretation
of multiple tests, particularly under emergency conditions, is
tedious and subject to error. An assay has been devised
herein which reads out analyte level only from the bodily
source of interest, reducing or preventing a read-out if the
co-released marker is present concurrently. As noted, this is
achieved using an analyte labeling reaction that is inhibited
by marker present in the sample. Thus, the assay behaves as
if the analyte is indeed target-specific for the particular
pathology, and eliminates any need for the user to correlate
multiple positive and/or negative values with the outcome.

[0116] In a further example of the methods herein, a
method is provided for determining with an assay the
effective filtering capacity of a filter based on changes in
pore size. This is applicable in vivo to measuring kidney
damage, as it is known that adverse changes in the glom-
erulus, for example as a consequence of diabetic renal
disease, lead to lack of selective filtering (and retention) of
large molecules from the blood. With deterioration, larger
and larger molecules fail to be retained by the kidneys and
appear in the urine. Thus, in the practice of the invention, a
first analyte may be a small peptide molecule known to pass
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easily through the renal filtering system into the urine in the
presence or absence of kidney disease. The second analyte
may be a larger protein which in normally-functioning
kidneys is not excreted in the urine, but with increasing
kidney damage, becomes excreted to an ever-increasing
extent. In the absence of renal damage, the assay will detect
the level of the peptide, indicating normal renal function.
With increasing renal damage and excretion of the larger
protein, the assay readout declines proportional to the level
of the larger protein, indicating a decline in renal function.
Thus, a simple renal function test in a test strip format may
be prepared following the teachings herein. In a specific
embodiment, the analyte pair useful in the assessment of
kidney damage is alkaline phosphatase, a normally-secreted
small protein, and 5'-nucleotidase, a larger protein the
appearance of which indicates tissue damage.

[0117]
the tests and reagents that may be used to carry out the

The following table describes some examples of

assays of the invention. These are merely exemplary and
non-limiting as to the choices of analytes and markers as
well as the format in which the differential assay of the
invention is performed.

Test Immobilized Labeling Complex

Analyte Marker reagent Capture Conjugate Labeling Reagent
Myo CA3 MyoAb, (1) MyoAb,:Bn SAV:CA3 CA3ADb* (2)
Myo CA3 MyoAb, MyoAb,:CA3 CA3Ab*
Myo CA3 CA3Ab, — CA3:MyoAb,, MyoAb,*

or CA3:SAV +

MyoAb1 :Bn
Myo FABP MyoAb, MyoAb,:Bn SAV:FABP FABPAb *(3)
Myo MLC MyoAb, MyoAb,:Bn SAV:MLC MLCAb* (4)
Alk-Phos 5°-NTase  Alk-PhosAb, Alk-PhosAb,:Bn SAV:’'NTase 5’NTaseAb* (6)

®

LDL HDL LDLAb, LDLADb,:Bn SAV:HDL HDLAbD * (7)
HDL LDL HDLAb, HDILAb,:Bn SAV:LDL LDLAb* (8)

Key to abbreviations:

* = detectable label

Myo = myoglobin

Ab = antibody, with subscripts denoting antibodies that recognize different epitopes of the

noted

antigen to allow concomitant binding of two antibodies to that reagent

:Bn = conjugated biotin

SAV = streptavidin
CA3 = carbonic anhydrase IIT

CA3: = CA3 conjugated to noted reagent
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[0118] Key to footnotes:

[0119] (1) Numerous MyoAbs are available commer-
cially, including for instance from BioDesign Interna-
tional of Saco, Me., USA (2001 Catalog #s H86104M
(IgG1), H86142M (IgG1), H86423 (IgG2a), K31013
(IgG2b); and from Spectral Diagnostics Inc. under
catalog numbers MA-2010, MA-2040 & PM-1000.

[0120] (2) CA3Abs are available commercially, for
instance from Spectral Diagnostics under catalog num-
ber MA-4010, and from BioDesign.

[0121] (3) FABP Abs are available for instance from
BioDesign (cat #s H86101M (IgGl), H86294M
(IgG2b), and from Spectral Diagnostics under cat #
MA-6010.

[0122] (4) MLC Abs can be obtained from Spectral
Diagnostics under cat # 5010 or MLC1-14.

[0123] (5) Alk-Phos Abs can be obtained from BioDe-
sign under cat #s K45802M and K45801M.

[0124] (6) 5'-NTase Abs can be raised against the
enzyme which has the properties reported by Bach-
mann et al, Kidney International 1997 February;
51(2):479-82 and references therein.

[0125] (7) HDL Abs can be obtained from numerous
suppliers.

[0126] (8) LDL Abs can be obtained from numerous
suppliers, including BioDesign (cat #1.62308G).

[0127] As mentioned above, these assays and commercial
sources of reagents for their operation are merely illustrative
and non-limiting, and other assays and reagents may be
prepared in accordance with the teachings herein.

[0128] To describe the general invention in another man-
ner, let A, represent the first analyte in a sample originating
from the target source, and A, be the same analyte originat-
ing from the non-target source. Let B represent a second
analyte which is released in proportion to A, only from the
non-target source. The desirable measurement is A, alone,
yet because they are the same analyte, they cannot be
distinguished as only total A can be measured. However,
because the level of A is proportional to the level of B in the
sample, the value of A, can be obtained using (A, plus A,)
minus B. The assay measures A, plus A_ but reduces the
value with increasing levels of B in the sample.

[0129] The method is applicable to any assay format, and
is conveniently applied, in a homogeneous format, to a dry
reagent test strip format. Such test strip formats generally
comprise a membrane along which sample flows, picking up
mobile reagents, possibly but not necessarily in succession,
in a detection zone, and reading out test results at a capture
zone where one or more mobile reagents and/or analyte are
sequestered at a capture line by an antibody or other specific
binding molecule for the analyte. Various bodily fluids may
be used, such as but not limited to whole blood, plasma,
serum, urine, cerebrospinal fluid, biopsy fluid, and tissue
homogenates.

[0130] The relative ratio of release of both the analyte and
the co-released marker from the non-target source may be
factored into the sensitivity and detectability of the source-
specific analyte by adjusting the compositions of conjugates
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used in the assay. Following from the same example above,
if the co-released marker is present at only a fraction of the
preselected analyte released from the non-target bodily
source, a decreased ratio of carbonic anhydrase III in the
carbonic anhydrase III-containing conjugate of either assay
format will increase the sensitivity of the assay to carbonic
anhydrase III. The amount or ratios of other components
may also be adjusted to adjust the sensitivity of the assay to
provide either the qualitative (yes or no) or quantitative
(value) readout. Such adjustments are fully embraced herein.

[0131] The method of the invention may be carried out for
any analyte for which a marker is co-released with the
preselected analyte and is used to effectively subtract or
negatively influence the level of preselected analyte of
non-target bodily source origin from the analyte from the
target source, by the methods herein. Other uses include
simply expressing ratios or differences in the levels of two
analytes. While several analytes and markers are known, the
methods herein offer the development of a large number of
new and specific diagnostic tests, using either heterogeneous
or homogencous formats, that do not require sophisticated
analysis or interaction by user or computer of the results.
Methods for simultaneously measuring the level of numer-
ous analytes in a blood sample, e.g., biological “chips” with
sites for a plurality of binding sites for biomolecules, such
devices requiring computational analysis of the results and
integration of data to provide the results. More simply,
individual assays for the preselected analyte and the non-
target-bodily-source marker may be performed, the results
require mental (or mechanical) integration of the results to
arrive at the answer. For example, test strip assay for
myoglobin and carbonic anhydrase III may be performed. If
myoglobin is elevated, and carbonic anhydrase III is
elevated, the origin of circulating myoglobin is likely of
non-cardiac oxygen. If carbonic anhydrase III is absent, the
myoglobin is likely of cardiac origin. However, such tests
require additional reagents, additional samples, assays under
similar conditions, and above all, an interpretation of the
results of multiple tests to arrive at a conclusion. In contrast,
the instant methods are homogeneous, single-test assays that
directly read out the desired results. Thus, the methods
herein embrace a homogeneous source-specific-assay which
detects any analyte. In alternative embodiments, heteroge-
neous assays are provided which serve the same purposes.
The examples described in detail herein are merely exem-

plary.

[0132] While a preferred format for the methods herein are
membrane-based test strips which may be used, for example,
a whole blood obtained by finger puncture in an emergency
room or other point-of-care site, the methods are adaptable
to any manual, semi-automated or automated measurement
method including but not limited to a single-use test strip
read by eye or reflectometer, an automated assay analyzer
capable of processing numerous samples, a multiple-analyte
test strip, etc. Microtiter plate-based or microbead-based
assays are also adaptable for the assay herein, where the
immobilized reagent is bound to a microtiter plate well or to
a plastic bead. Membrane-based test strips which utilize
whole blood are known in the art.

[0133] Sources of sample for the assay herein is preferably
a biological sample such as whole blood, plasma, serum,
urine, cerebrospinal fluid, biopsy specimens, etc., but is not
limited thereto and may extend to other sources in which the
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level of a particular analyte and analyte source of interest
may me marked by the same analyte from another source,
and the level of analyte from the other source may be gauged
by another co-released or coordinately present marker in the
sample. Such uses may include food processing and analy-
sis, wastewater, environmental analysis, etc., where the
origin of a particular analyte is determinable. By way of
illustration only, a test to determine the level, if any, in a
reservoir of a particular enteropathogenic coliform bacterial
contaminant originating from runoff from a dairy farm may
be determined even though the same coliform may originate
from the occasional squirrel excrement falling in the reser-
voir. A test as described herein which detects the coliform
but “subtracts” therefrom a squirrel intestine-specific bac-
terium yields the level of the cattle-derived contaminant.

[0134] Thus, an assay format is preferred, in which bind-
ing partners such as antibodies can be obtained or prepared
for the analytes. As noted, biotin-avidin, biotin-streptavidin
or other biotin-binding-reagent reactions can be used to
enhance or modulate the test. However, any such assay can
be devised using other binding partners to the analyte and
marker, including but not limited to extracellular or intrac-
ellular receptor proteins which recognize the analytes, bind-
ing fragments thereof, hybridization probes for nucleic
acids, lectins for carbohydrates, etc. The particular selection
of binding partners is not limiting, provided that the binding
partners permit the test to operate as described herein. As
noted above, the preselected analyte, when present, is detect-
able by binding by two binding partners, one immobilized
on the test strip (or whatever format the assay is provided)
and another part of a conjugate. This is taken into consid-
eration in the selection of the reagents for the assay.

[0135] The dry test strip may be set up in any format in
which contact of the sample with the reagents is permitted
and the formation and mobility of the immunocomplexes
and other complexes forming therein are permitted to flow
and contact an immobilized reagent at the capture line.
Various format are available to achieve this purpose, which
may be selected by the skilled artisan.

[0136] The label portion of the mobile, labeled antibody to
the non-target-bodily-source marker may be a visible label,
such as gold or latex, an ultraviolet absorptive marker,
fluorescent marker, radionuclide or radioisotope-containing
marker, an enzymatic marker, or any other detectable label.
A visibly detectable marker or one that can be easily read in
a reflectometer is preferred, for use by eye, reading or
confirmation with a reflectometer. Other labels may be
applicable to other semi-automated or automated instrumen-
tation.

[0137] The conjugates of the invention may be prepared
by conventional methods, such as by activation of an active
moiety, use of homobifunctional or heterobifunctional cross-
linking reagents, carbodiimides, and others known in the art.
Preparation of, for example, a gold-labeled antibody, a
conjugate between an antibody and an analyte (not an
immunocomplex but a covalent attachment which allows
each member to independently exhibit its binding proper-
ties), biotinylation of an antibody, conjugation of streptavi-
din with a protein, immobilization of antibodies on mem-
brane surfaces, etc., are all methods known to one of skill in
the art. The preparation of the reagents of the methods herein
extend to, for example, recombinant expression of a single-
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chain polypeptide comprising streptavidin or the biotin
binding site of streptavidin or another biotin-binding mol-
ecule and at least the epitope of the non-target-bodily-source
marker recognized by the antibody to the latter. Thus, a
polynucleotide which comprises the coding sequence for
each portion, optionally linked by a segment encoding a
polypeptide spacer or linker portion, is expressed such that
both members on the single-chain polypeptide retain their
desired activities in the assay. The invention extends to such
single-chain polypeptide reagents useful for the assays
described herein, as well as polynucleotides encoding the
single-chain polypeptides, as well as expression vectors,
microorganisms containing such vectors and related means
for expressing such polynucleotides to provide the desired
single-chain polypeptides. In another example, recombinant
preparation of immunoglobulin molecules in which the
polypeptide marker is present in a single-chain polypeptide
with either the heavy chain or light chain of the immuno-
globulin are embraced herein, such that the assembled
immunoglobulin molecule (or fragment) comprises the anti-
gen binding site(s) as well as epitopes of the marker nec-
essary for the operation of the hereindescribed assay. Poly-
nucleotides expressing such polypeptides, microorganisms
and eukaryotic cells expressing and producing such products
including antibodies which comprise a single-chain compo-
nent with the marker, and other means for preparing such
reagents are embraced herein. In a preferred embodiment,
the marker polypeptide is fused at the C-terminus of the
heavy chain of the particular immunoglobulin class and
subclass desired. Moreover, other binding partners for the
preselected analyte other than an antibody, such as a recep-
tor, may be provided in a conjugate with the marker in a
single-chain or comprising a single-chain polypeptide with
the desired activity of both components. Such methods to
facilitate the preparation or parameters of the reagents
herein, as well as considerations such as ratios between the
components, binding affinities, color density, etc., are
embraced herein.

[0138] One example of such a single-chain polypeptide is
described as SEQ ID NO:1, an expression product of a
polynucleotide (SEQ ID NO:2) comprising streptavidin and
carbonic anhydrase III. The present invention is also
directed to this and related compositions. It also extends to
polynucleotides encoding the single-chain polypeptides of
the invention, such as all of those which encode SEQ ID
NO:1. The polynucleotide sequences embraced herein
include degenerate variants which encode the same polypep-
tide sequences, by virtue of the degeneracy of the genetic
code, as well as variants in the polynucleotide sequences
which result in altered amino acid sequences but are not of
consequence in the properties of the expressed hybrid
polypeptide.

[0139] As noted in the Summary above, the assays of the
invention may be provided in two orientations: in one, the
labeled reagent is a binding partner to the analyte and the
immobilized reagent is a binding partner to the marker; in an
alternate embodiment, the labeled reagent is a binding
partner to the marker and the immobilized reagent is a
binding partner to the analyte. In both assays, a conjugate
between the marker and a binding partner to the analyte is
used; in the alternate format of either assay with slightly
different reagents, in place of the conjugate between the
marker and a binding partner to the analyte, the reagent pairs
used may be either 1) a binding partner to the analyte
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conjugated to biotin, and a conjugate of the marker and a
biotin-binding reagent such as streptavidin, or 2) a binding
partner to the analyte conjugated to a biotin-binding mol-
ecule such as streptavidin, and a conjugate of the marker and
biotin. Both orientations and reagent selections are fully
embraced herein and may be selected depending on the
desired sensitivity of the assay, the characteristics of the
reagents, the relative ratios of analyte to marker encoun-
tered, and other parameters.

[0140] The invention is also directed to kits comprising
some or all of the various reagents hereinbefore described in
order to carry out any of the assays described and variations
thereof embraced herein. Akit may have at least one reagent
for carrying out an assay of the invention, such as a kit
comprising a conjugate between a biotin-binding reagent
and a marker, such as a single-chain polypeptide comprising
streptavidin and a polypeptide marker. Preferably, the kit
comprises all of the reagents needed to carry out any one of
the aforementioned assays, whether it be homogeneous,
heterogeneous, comprise a single conjugate of the marker
conjugated to an antibody to the analyte, or comprise two
reagents which serve this function (such as a biotinylated
antibody to the analyte plus a streptavidin-marker conjugate,
or a biotinylated marker plus a streptavidin conjugated to an
antibody to the analyte conjugate), or whether the assay
employs an immobilized antibody to the analyte and a
labeled antibody to the marker, or an immobilized antibody
to the marker and a labeled antibody to the analyte. Refer-
ring to the first analyte as analyte and the second analyte as
marker, and a second binding partner as a binding partner
which recognizes a different epitope than the first binding
partner mentioned, the following Kkits are non-limiting
examples of those embraced herein:

[0141] Kit]
[0142] 1) a labeled binding partner to the analyte;

[0143] 2) a conjugate between the marker and a
second binding partner to the analyte; and

[0144] 3) an immobilized antibody to the marker.
[0145] Kitll
[0146] 1) a labeled binding partner to the marker;

[0147] 2) a conjugate between the marker and a
binding partner to the analyte; and

[0148] 3) an immobilized second binding partner to
the analyte.

[0149] XKit 1T
[0150] 1) a labeled binding partner to the analyte;

[0151] 2) a second binding partner to the analyte
conjugated to biotin;

[0152] 3) a conjugate between the marker and a
biotin-binding reagent; and

[0153] 4) an immobilized binding partner to the
marker.

[0154] KitIV
[0155] 1) a labeled binding partner to the analyte;

[0156] 2) a second binding partner to the analyte
conjugated to a biotin-binding reagent;
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[0157] 3)a conjugate between the marker and biotin;
and

[0158] 4) an immobilized binding partner to the
marker.

[0159] KitV
[0160] 1) a labeled binding partner to the marker;

[0161] 2)a binding partner to the analyte conjugated
to biotin;

[0162] 3) a conjugate between the marker and a
biotin-binding reagent; and

[0163] 4) an immobilized second binding partner to
the analyte.

[0164] Kit VI
[0165] 1) a labeled binding partner to the marker;

[0166] 2) a binding partner to the analyte conjugated
to a biotin-binding reagent;

[0167] 3)a conjugate between the marker and biotin;
and

[0168] 4) an immobilized second binding partoer to
the analyte.

[0169] Kit VII

[0170] 1) a conjugate between the marker and a
binding partner to the analyte.

[0171] Kit VIII

[0172] 1) a second binding partner to the analyte
conjugated to biotin, and

[0173] 2) a conjugate between the marker and a
biotin-binding reagent.

[0174] Kit IX

[0175] 1) a binding partner to the analyte conjugated
to a biotin-binding reagent, and

[0176] 2) a conjugate between the marker and biotin.

[0177] In any of the foregoing kits, the binding partners
are preferably antibodies or binding portions thereof, and
both the binding partner to the analyte and the second
binding partner to the analyte capable of simultaneously
binding to the analyte. The conjugates comprising the
marker may comprise an epitope of the marker, such that it
is recognized by a binding partner to the marker. The
conjugates of the kits, if both members are independently
peptides or polypeptides, may be in the form of a single-
chain polypeptide comprising both members, each exhibit-
ing its activity independently in the single-chain polypep-
tide. The immobilized binding partner may be provided in
the form of a capture line on a test strip, or it may be in the
form of a microplate well surface or plastic bead, by way of
non-limiting examples of immobilized carriers for binding
partners. As mentioned above, the kits with or without
immobilized reagent may be used in a homogeneous format,
wherein all reagents are added to the sample simultaneously
and no washing step is required for a readout, or the kits may
be used in a multi-step procedure where successive additions
or steps are carried out, with an optional washing step or
transfer of components from one container to another. The
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teachings herein will allow a skilled artisan to prepare other
variations in kit componentry and assay format which carry
out the assay of the invention and its variations fully
embraced herein. Other reagents, containers, and instruc-
tions may be included with any of the foregoing kits.

[0178] By way of non-limiting example, and following the
above example of an assay for detecting myoglobin released
from cardiac tissue and reducing it by the level of CAIII that
would be co-released with myoglobin from skeletal muscle,
the foregoing examples of kits comprise the following
reagents in a preferred embodiment:

[0179] Kit I
[0180] 1) a labeled antibody to myoglobin,

[0181] 2) a conjugate between CAIII and a second
antibody to myoglobin; and

[0182] 3) an immobilized antibody to CAIII.
[0183] Kit1II
[0184] 1) a labeled antibody to CAIII;

[0185] 2)a conjugate between CAIII and an antibody
to myoglobin; and

[0186] 3) an immobilized second antibody to myo-
globin.

[0187] Kit III
[0188] 1) a labeled antibody to myoglobin;

[0189] 2)asccond antibody to myoglobin conjugated
to biotin;

[0190] 3) a conjugate between CAIIl and streptavi-
din; and

[0191] 4) an immobilized antibody to CAIIL
[0192] KitIV
[0193] 1) a labeled antibody to myoglobin,

[0194] 2)asecond antibody to myoglobin conjugated
to streptavidin;

[0195] 3) a conjugate between the CAIII and biotin,
and

[0196] 4) an immobilized antibody to CAIII.
[0197] KitV
[0198] 1) a labeled antibody to CAIII,
[0199] 2) an antibody to myoglobin conjugated to
biotin;
[0200] 3) a conjugate between CAIII and streptavi-
din; and

[0201] 4) an immobilized second antibody to myo-
globin.

[0202] Kit VI
[0203] 1) a labeled antibody to CAIII;

[0204] 2) an antibody to myoglobin conjugated to
streptavidin;

[0205] 3) a conjugate between CAIII and biotin; and

[0206] 4) an immobilized second antibody to myo-
globin.
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[0207] Kit VII

[0208] 1) aconjugate between CAIII and an antibody
to myoglobin.

[0209] Kit VIII

[0210] 1) asecond antibody to myoglobin conjugated
to biotin, and

[0211] 2) a conjugate between CAIII and streptavi-
din.

[0212] KitIX
[0213] 1) an antibody to myoglobin conjugated to

streptavidin, and
[0214] 2) a conjugate between CAIII and biotin.

[0215] Of course, the conjugate between CAIIl and
streptavidin may be a single-chain polynucleotide compris-
ing CAIIl or an anti-CAlll-antibody-binding fragment
thereof, and streptavidin or a biotin-binding fragment
thereof. The conjugate between CAIIIl and an antibody to
myoglobin may comprise a single-chain polypeptide of
CAIII or an epitope thereof and a light or heavy immuno-
globulin chain, which is then assembled to provide a hybrid
molecule of an anti-myoglobin antibody and CAIII.

[0216] Moreover, a kit of the invention may comprise a
polynucleotide encoding a single-chain polypeptide com-
prising CAIII and streptavidin.

[0217] The foregoing examples of kits for detecting car-
diac myoglobin in a bodily fluid are merely exemplary of
this embodiment, and as mentioned above, the reagents may
be tailored to measure a large number of other analytes and
markers for various purposes.

[0218] The present invention may be better understood by
reference to the following non-limiting Examples, which are
provided as exemplary of the invention. The following
examples are presented in order to more fully illustrate the
preferred embodiments of the invention. They should in no
way be construed, however, as limiting the broad scope of
the invention.

EXAMPLE 1

Two-Conjugate, Qualitative Homogeneous Assay
for Heart Attack

[0219] FIG. 1 illustrates the design and operation of a
membrane strip-format assay which is positive for myoglo-
bin only if carbonic anhydrase III is absent. Present in the
detection zone of the test strip is analyte labeling reagent in
the form of two mobile reagents: 1) a gold-labeled, affinity-
purified polyclonal IgG antibody to carbonic anhydrase III,
and 2) a conjugate between CAIII and an anti-myoglobin
monoclonal IgG antibody, prepared using a heterobifunc-
tional cross-linking reagent. Immobilized at the capture line
is another anti-myoglobin monoclonal IgG antibody, recog-
nizing a different epitope on myoglobin than that of the
aforementioned conjugate. The assay format may be as
described in co-pending application Ser. No. 09/130,164,
filed Aug. 6, 1998, now U.S. Pat. No. 6,171,870, in which a
whole blood sample is applied to the device and red blood
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cells in the whole blood sample are detained in migration
providing a red-cell-free plasma front at the capture line for
visualization. A 25 microliter sample of whole blood from a
patient in the emergency room presenting with chest pain of
a few hours’ onset, and having a history of poor dietary
habits and sedentary life style, is applied to the device, and
the results are read after the test complete window indicates
the test is complete. During the flow of sample, any myo-
globin in the sample forms an immunocomplex with the
mobile conjugate comprising the anti-myoglobin antibody
and carbonic anhydrase III, and the myoglobin immuno-
complexed therewith binds to the immobilized anti-myoglo-
bin antibody. The gold-labeled anti-carbonic anhydrase III
reagent binds to the carbonic anhydrase III in the first
immunocomplex, forming a colored band at the capture line
and indicating the presence of myoglobin in the absence of
carbonic anhydrase III. This result is diagnostic of a heart
attack. Treatment with fibrinolytic therapy is indicated.

[0220] In another example, a sample is obtained by emer-
gency medical technicians at the site of a traffic accident in
which an individual with a similar life style as above but
with chest pain of onset immediately following the chest
striking the automobile steering wheel. The test as above is
used. In this case, no colored band forms at the capture line,
indicating that if myoglobin was released as a consequence
of skeletal trauma in the accident, its level is compensated
(ie., reduced) by the simultaneous release of carbonic
anhydrase III. The reaction chain comprising the carbonic
anhydrase III-anti-myoglobin antibody, myoglobin, and the
immobilized anti-myoglobin antibody forms are a conse-
quence of skeletal muscle myoglobin present in the sample,
but the coincident presence of carbonic anhydrase III binds
to the labeled anti-carbonic anhydrase III antibody and thus
this labeled reagent is not available to bind to the carbonic
anhydrase IlI-anti-myoglobin antibody conjugate at the cap-
ture line. A heart attack is ruled out. The patient is treated for
chest trauma.

EXAMPLE 2

Three-Conjugate, Qualitative and Quantitative
Assays for Heart Attack

[0221] FIG. 2A illustrates the design and operation of a
membrane strip-format assay which is positive for myoglo-
bin only if carbonic anhydrase III is absent. Present in the
detection zone of the test strip is an analyte labeling reagent
in the form of three mobile reagents: 1) a gold-labeled,
affinity-purified polyclonal IgG antibody to carbonic anhy-
drase III, prepared as described in Example 1 above, 2) a
conjugate between carbonic anhydrase III and streptavidin,
prepared either by engineering a single-chain polypeptide
comprising carbonic anhydrase III and streptavidin, or using
a heterobifunctional cross-linking agent to cross-link the
members, and 3) a biotinylated anti-myoglobin monoclonal
IgG antibody. Immobilized at the capture line is another
anti-myoglobin monoclonal IgG antibody, recognizing a
different epitope on myoglobin than that in the biotinylated
reagent. The assay format may be as described in U.S. Pat.
No. 6,171,870, incorporated herein by reference in its
entirety, in which a whole blood sample is applied to the
device and red blood cells in the whole blood sample are
detained in migration providing a red-cell-free plasma front
at the capture line for visualization. A 25 microliter sample
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of whole blood from a patient in the emergency room
presenting with chest pain of a few hours onset, and a history
of poor dietary habits and sedentary life style, is applied to
the device, and the results are read after the test complete
window indicates the test is completed. During the flow of
sample, any myoglobin in the sample forms an immuno-
complex with the mobile, biotinylated anti-myoglobin anti-
body and the immunocomplex binds to the immobilized
anti-myoglobin antibody at the capture line. The gold-
labeled anti-carbonic anhydrase III reagent binds to the
streptavidin-carbonic anhydrase III conjugate, and the
streptavidin binds to the now-immobilized biotinylated anti-
myoglobin antibody, producing a colored band at the capture
line. This result is diagnostic of a heart attack. The patient
is treated immediately with fibrinolytic therapy.

[0222] Similarly, and as shown in FIG. 2B, the same assay
depicted in FIG. 2A and described above can be performed
using a heterogeneous format, requiring a wash step
between incubation of sample with reagents, and detection
of label, in order to remove unbound label from the reaction
mix. This quantitative assay is carried out according to the
following procedure.

[0223] 1. Coating: Coat wells with 100 microliters of
rabbit anti-myoglobin (Spectral Diagnostics Inc.) at a
concentration of 5 micrograms per milliliter in 50 mM
carbonate/bicarbonate Coating Buffer, pH 9.6 (always
prepare in glass). Seal the plate with plate sealer and
store at 4 C overnight.

[0224] 2. Washing: Wash plates 3 times with PBS-
0.05% Tween 20 and 1 time with ultrafiltered (UF)
water.

[0225] 3. Blocking: Block the wells with 200 microli-
ters of 1% digested casein at room temperature for 1
hour while shaking at 400 rpm.

[0226] 4. Repeat washing step 2.
[0227] 5. Add 50 microliters of sample per well.

[0228] 6. Add 25 microliters/well of diluent buffer (PBS
containing 0.005% Tween 20 and 0.25% BSA) con-
taining 4 micrograms per milliliter of anti-CAIIl mAb
2CA-4 (Spectral Diagnostics Inc.) conjugated with
HRP.

[0229] 7. Incubate for 10 min at room temperature with
shaking.

[0230] 8. Add 25 microliters/well of diluent buffer con-
taining 8 micrograms per milliliter of biotinylated
anti-myoglobin mAb 2 mb-295 (Spectral Diagnostics
Inc.) and 2 micrograms per milliliter of streptavidin-
CAIII recombinant protein (Spectral Diagnostics Inc.).

[0231] 9. Incubate for 30 min at room temperature with
shaking.

[0232] 10. Repeat washing step 2.

[0233] 11. Add 100 microliters/well of substrate solu-
tion (1 OPD tablet, 12.5 ml of phosphate/citrate buffer,
pH 5.0, 125 microliters of 3% H,0,).

[0234] 12. Incubate for 30 min at room temperature in
the dark.
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[0235] 13. Stop reaction with 50 microliters/well of 4
NH SO, and read at 490 nm in a plate reader.

[0236] The results from the plate reader are then compared
with a standard curve to calculate cardiac myoglobin con-
centration. A standard curve is generated with the same
method using a set of calibrators.

[0237] The foregoing details of the procedure are merely
exemplary and many variations in its details, such as the
conditions for coating, reaction, various concentrations of
reagents, buffers, etc., may be varied and remain with the
scope of the present invention.

[0238] In another example, a sample is obtained by emer-
gency medical technicians at the site of a traffic accident in
which an individual with a similar life style as above but
with chest pain of onset immediately following the chest
striking the automobile steering wheel. The test as above is
used. In this case, no colored band forms at the capture line,
indicating that if myoglobin was released as a consequence
of skeletal trauma in the accident, its level is compensated
(ie., reduced) by the simultancous release of carbonic
anhydrase III. In this case, in the presence of both myoglobin
and carbonic anhydrase III, the myoglobin in the sample
permits the binding of the carbonic anhydrase IlI-streptavi-
din conjugate to the biotinylated anti-myoglobin antibody
and the latter to myoglobin on the immobilized anti-myo-
globin antibody, but the carbonic anhydrase III present in the
sample binds to the gold-labeled anti-carbonic anhydrase II1
antibody, making it no longer available to bind to the
carbonic anhydrase III-streptavidin conjugate, and no color
is deposited at the capture line. A heart attack is ruled out.
The patient is treated for trauma to the chest, and not with
potentially dangerous fibrinolytic therapy.

EXAMPLE 3

Measurement of Myoglobin of Cardiac Origin

[0239] Before preparing the reagents and assay format for
a homogeneous test to measure the level of myoglobin of
cardiac origin, the parameters under which the assay should
operate were developed using mathematical models. In this
assay, the level of total myoglobin in a sample of blood is
subtracted by the level of myoglobin of skeletal origin, the
latter determined based on the detection of carbonic anhy-
drase III, which is co-released with myoglobin from skeletal
muscle tissue, but is not released from cardiac tissue. The
test parameters are established such that a positive test
indicates a sufficiently high amount of myoglobin of cardiac
origin is present to diagnose a heart attack. The assay system
employed is that described in Example 2, above.

[0240] To establish the cut-off value between a myoglo-
bin-carbonic anhydrase III differential diagnostic of a heart
attack versus that indicative of skeletal muscle damage,
actual patient data from a series of myocardial infarct
patients and a series of skeletal muscle damage patients were
plotted (from highest to lowest myoglobin level) along with
the ratio between the markers (FIGS. 3 and 4, respectively).
The myocardial infarct patient mean ratio was 40.6, with a
range of 4.6 to 170; that of the skeletal muscle patients was
2.3, with a range of 0.56 to 5.6. A ratio of 2.9 was selected
as the cutoff for diagnosis of a suspected heart attack.

[0241] A model system with the necessary reagents was
set up, according to FIG. 5. The detectable signal achieved
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by the assay at various levels of carbonic anhydrase III and
myoglobin are shown in FIG. 6, with a horizontal line drawn
at a signal level of 4.6 for heart attack patients (and 5.06 for
non-heart attack patients), the detectable cut-off level. Using
a myoglobin:carbonic anhydrase ratio of 2.9 and a free
carbonic anhydrase level of 2246 ng/ml (8.02x107% M), the
signal generated over a range of myoglobin levels is shown
in FIG. 7. Likewise, in FIG. 8, the signal generated over a
range of carbonic anhydrase values for a ratio of 2.9 and a
free myoglobin level of 6467 ng/ml (3.59x1077 M) is shown.

[0242] FIG. 9 depicts the effect of different amount of the
streptavidin-carbonic anhydrase III (SAV-CAII) conjugate,
and FIG. 10 the amount of biotinylated mobile antibody.
FIG. 11 shows the signal for a range of gold-labeled
antibody.

EXAMPLE 4

Preparation of a Single-Chain
Streptavidin-Carbonic Anhydrase III Polypeptide
(SAV-CAIII)

[0243] In order to establish a model system, a single-chain
polypeptide comprising streptavidin and carbonic anhydrase
I (“SAV-CAIII”) was prepared and expressed. SAV and
CAIII were linked by insertion of a restriction site at the
C-terminus of SAV and N-terminus of CAIIl. This site
resulted in an addition of two extra amino acid residues, Thr
and Arg, between SAV and CAIII as indicated in SEQ ID
NO:1 and FIG. 12A-B. This polynucleotide (SEQ ID NO:2)
was inserted into pet expression vector and expressed in F.
coll.

[0244] The polypeptide retained biotin-binding affinity as
well as recognition by anti-carbonic anhydrase III antibod-
ies. It was electrophoretically pure (FIG. 13). A test utilizing
a gold-labeled anti-carbonic anhydrase polyclonal antibody
(2CA-4) at 60 micrograms/ml, the foregoing SAV-CAIII
conjugate at 27.6 micrograms/ml, and a biotinylated mono-
clonal anti-troponin I antibody were combined. Using a
BlAcore device to measure extent of complex formation, the
foregoing combination generated 211 relative units. How-
ever, when wild-type streptavidin was used in place of the
single-chain polypeptide, the value was 10 relative units.
And in the absence of the single-chain polypeptide, the value
was 11 relative units. This preliminary study establishes the
capability of the biotinylated antibody to bind the strepta-
vidin-carbonic anhydrase III single-chain polypeptide,
which in turn is capable of binding the gold-labeled anti-
carbonic anhydrase III antibody.

EXAMPLE 5

Assay of the Invention

[0245] In a demonstration of the operation of the assay of
the invention, the following reagents were used. A rabbit
anti-myoglobin capture antibody was immobilized to a
surface. The mobile reagents included 1) a biotinylated
anti-myoglobin antibody (2 MB-295); 2) the above-men-
tioned SAV-CAIII single-chain polypeptide; and 3) gold-
labeled anti-myoglobin antibody (2CA-4). A strip-type test
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was performed with 500 ng/ml myoglobin and another with
500 ng/ml myoglobin and 500 ng/ml carbonic anhydrase III.
The former gave a value of 0.155, and the latter 0.086. This
illustrates the achievement of an object of the invention.

[0246] The present invention is not to be limited in scope
by the specific embodiments describe herein. Indeed, vari-
ous modifications of the invention in addition to those

described herein will become apparent to those skilled in the
art from the foregoing description and the accompanying
figures. Such modifications are intended to fall within the
scope of the appended claims.

[0247] Various publications are cited herein, the disclo-
sures of which are incorporated herein by reference in their
entireties.

SEQUENCE LISTING

<160> NUMBER OF SEQ ID NOS: 2
<210>
<211>
<212>
<213>

SEQ ID NO 1
LENGTH: 421
TYPE: PRT
ORGANISM: homosapien

<400> SEQUENCE: 1

Ala Gln

10

Met Asp Pro Ser Lys Ser Val Ser Ala

1 5

Asp Lys

Ile Thr Thr Gln

25

Gly Gly Thr

20

Trp Tyr Asn Leu Gly Ser

Thr Ala Ala Ala Thr Thr Glu

45

Gly
35

Leu
40

Asp Gly Gly Tyr

Gly Asn Ala Glu Ser Val Leu Thr

50

Arg Tyr

55

Gly Arg Tyr

Ala Thr Ser Thr Ala Leu Thr

70

Pro
65

Asp Gly Gly Gly

75

Trp

Ala Ala

90

Lys Asn Asn Tyr Arg Asn His Ser Thr Thr

85

Trp

Val Ala Glu Ala Ile

105

Tyr Gly Gly Asn Thr Gln

100

Arg Trp

Thr
115

Thr Glu Ala Ala

120

Thr Leu

125

Ser Gly Asn Trp Lys Ser

Thr
130

Phe Thr Val Ala Ala Ser Ile

140

Asp Lys Lys Pro Ser

135

Ala val Leu Ala

155

Asn Asn Asn Pro

150

Lys
145

Lys Gly Gly Asp

Thr Ala Glu His Asn

165

Ala Ser

170

Arg Lys Trp Gly Tyr Gly

Glu Leu Phe Pro Asn Ala Glu Asn Gln

180

Trp His Lys

185

Gly

Glu Thr Ile Leu

205

His His Pro Ser

195

Leu Lys Asp Arg

200

Asp

Val
210

Ala Thr Ile

220

Ser Ser Tyr Asp Gly Gly Ser Leu

215

Lys

Thr Val val

230

Lys Phe Thr

225

Cys Arg Asp Asp Tyr

235

Asp Arg

Leu Pro Pro Leu Gln

245

Arg Gly Gly Pro Gly Tyr Arg

250

Arg

Ser Ser His Ser Glu His Thr

260

His Trp Gly Asp Asp Gly

265

Asn
285

His Leu Val His

280

Val Lys Tyr Ala Ala Glu Leu

275

Trp

Ala Glu

15

Ala

Phe
30

Ile Val

Ser Ala Val

Asp Ser Ala

Val Ala Trp

80

Ser Gly Gln

95

Leu Leu Thr

110

Val Gly His

Asp Ala Ala

Val Gln Gln

160
His

Pro Asp

175

Ser Pro Val

190

Gln Pro Trp

Asn Asn Gly

Met Leu

240

Ser

Phe His Leu

255

val
270

Asp Gly

Pro Lys Tyr
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—-continued

Asn Thr Phe Lys Glu Ala Leu Lys Gln Arg Asp Gly Ile Ala Val Ile
290 295 300

Gly Ile Phe Leu Lys Ile Gly His Glu Asn Gly Glu Phe Gln Ile Phe
305 310 315 320

Leu Asp Ala Leu Asp Lys Ile Lys Thr Lys Gly Lys Glu Ala Pro Phe
325 330 335

Thr Lys Phe Asp Pro Ser Cys Leu Phe Pro Ala Cys Arg Asp Tyr Trp
340 345 350

Thr Tyr Gln Gly Ser Phe Thr Thr Pro Pro Cys Glu Glu Cys Ile Val
355 360 365

Trp Leu Leu Leu Lys Glu Pro Met Thr Val Ser Ser Asp Gln Met Ala
370 375 380

Lys Leu Arg Ser Leu Leu Ser Ser Ala Glu Asn Glu Pro Pro Val Pro
385 390 395 400

Leu Val Ser Asn Trp Arg Pro Pro Gln Pro Ile Asn Asn Arg Val Val
405 410 415

Arg Ala Ser Phe Lys
420

<210> SEQ ID NO 2

<211> LENGTH: 1266

<212> TYPE: DNA

<213> ORGANISM: homosapien

<400> SEQUENCE: 2

atggacccct ccaaggactc gaaggcccag gtctcggccg ccgaggccgg catcaccggce 60
acctggtaca accagctcgg ctcgaccttc atcgtgaccg cgggcgccga cggcgccctg 120
accggaacct acgagtcggc cgtcggcaac gccgagagcc gctacgtcct gaccggtcegt 180
tacgacagcg ccccggccac cgacggcagc ggcaccgccc tcggttggac ggtggcctgg 240
aagaataact accgcaacgc ccactccgcg accacgtgga gcggccagta cgtceggegge 300
gccgaggcga ggatcaacac ccagtggctg ctgacctccg gcaccaccga ggccaacgcec 360
tggaagtcca cgctggtcgg ccacgacacc ttcaccaagg tgaagccgtc cgccgcctcce 420
atcgacgcgg cgaagaaggc cggcgtcaac aacggcaacc cgctcgacgc cgttcagcag 480
actagggcca aggagtgggg ctacgccagt cacaacggtc ctgaccactg gcatgaactt 540
ttcccaaatg ccaaggggga aaaccagtcg cccgttgagc tgcatactaa agacatcagg 600
catgaccctt ctctgcagcc atggtctgtg tcttatgatg gtggctctgce caagaccatc 660
ctgaataatg ggaagacctg ccgagttgta tttgatgata cttatgatag gtcaatgctg 720
agagggggtc ctctccctgg accctaccga cttcecgceccagt ttcatcttca ctggggetet 780
tcggatgatc atggctctga gcacaccgtg gatggagtca agtatgcagc ggagcttcat 840
ttggttcact ggaacccgaa gtataacact tttaaagaag ccctgaagca gcgcgatggg 900

atcgctgtga ttggcatttt tctgaagata ggacatgaga atggcgagtt ccagattttc 960
cttgatgcat tggacaagat taagacaaag ggcaaggagg cgcccttcac aaagtttgac 1020
ccatcectgee tgtteccegge atgecgggac tactggacet accagggetce attcaccacg 1080

ccgecctgeg aggaatgecat tgtgtggetg ctgctgaagg agecccatgac cgtgagetet 1140
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—-continued

gaccagatqgg ccaagctgeg gagectecte tcecagtgetg agaacgagec ccecagtgect 1200

cttgtgagca actggcgacc tccacagcct atcaataaca gggtggtgag agcttccttce 1260

aaatga

1266

What is claimed is:

1. A method by which a sample is assayed to determine
the presence or level therein of a first analyte relative to a
second analyte, the method comprising the step of bringing
the sample into contact with a labeling means adapted to
label the first analyte through a binding interaction that is
inhibited by the second analyte.

2. A method according to claim 1, wherein the labeling
means comprises a conjugate having a component for bind-
ing the first analyte, and a component which binds antibody
to the second analyte.

3. A method according to claim 2, wherein the labeling
means comprises a second analyte and antibody to the first
analyte.

4. A method according to claim 2, wherein the labeling
means further comprises antibody to the second analyte
having a detectable label bound thereto.

5. A method for identifying in a sample the presence or
level of a preselected analyte originating from a target
source, wherein any level of said preselected analyte in said
sample originating from a source other than said target
source is associated with a level in said sample of a marker
from said source other than said target source, the method
comprising conducting an assay following the sequential
steps of

(a) first contacting the sample with an analyte labeling
reagent comprising

(1) a2 mobile, labeled binding partner to one of the
analyte or the marker,

(2) a conjugate between the marker and one of biotin
and streptavidin, and

(3) binding partner to the preselected analyte conju-
gated to the other of biotin and streptavidin; and then

(b) contacting the sample with an immobilized binding
partner to the other of the preselected analyte and the
marker;

wherein the extent of labeling of the immobilized binding
partner is indicative of the presence or level of the
preselected analyte in the sample reduced by the level
of the marker in the sample originating from the source
other than the target source.
6. The method according to claim 5, comprising the
sequential steps of:

(a) first contacting said sample with a mobile, labeled
binding partner to said marker,

(b) next contacting said sample with a conjugate between
said marker and a binding partner to said preselected
analyte; and

(c) next contacting the sample with an immobilized
binding partner to said preselected analyte.

7. The method of claim 5 wherein said binding partners
are antibodies.

8. The method of claim 5 wherein said sample is a
biological sample.

9. The method of claim 8 wherein said sample is whole
blood, serum, plasma, or urine.

10. The method of claim 5 wherein said preselected
analyte is a cardiac analyte.

11. The method of claim 10 wherein said cardiac analyte
is myoglobin, and said marker is carbonic anhydrase III.

12. The method of claim 5 wherein said label is colloidal
gold.

13. The method of claim 6 wherein said mobile, labeled
binding partner to said marker is a gold-labeled monoclonal
anti-carbonic anhydrase III antibody, said conjugate
between said marker and a binding partner to said prese-
lected analyte is a conjugate between carbonic anhydrase I1
and an anti-myoglobin monoclonal antibody, and said
immobilized binding partner to said preselected analyte is an
anti-myoglobin monoclonal antibody.

14. The method of claim 6 wherein said conjugate
between said marker and a binding partner to said prese-
lected analyte comprises a single-chain polypeptide.

15. A method for identifying in a sample the presence or
level of a preselected analyte originating from a target
source, wherein any level of said preselected analyte in said
sample originating from a source other than said target
source is associated with a level in said sample of a marker
from said source other than said target source, the method
comprising conducting an assay following the sequential
steps of

(a) first contacting the sample with an analyte labeling
reagent comprising

(1) a mobile, labeled binding partner to the marker,

(2) a conjugate between the marker and one of biotin
and streptavidin, and

(3) a binding partner to the preselected analyte conju-
gated to the other of biotin and streptavidin; and then

(b) contacting the sample with an immobilized binding
partner to the preselected analyte;

wherein the extent of labeling of the immobilized binding
partner is indicative of the presence or level of the
preselected analyte in the sample reduced by the level
of the marker in the sample originating from the source
other than the target source.
16. A method according to claim 15, comprising the
sequential steps of

(a) first contacting said sample with a mobile, labeled
binding partner to said marker,
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(b) next contacting said sample with a conjugate between
said marker and streptavidin,

(c) next contacting said sample with a biotinylated bind-
ing partner to said preselected analyte; and

(d) next contacting the sample with an immobilized

binding partner to said preselected analyte.

17. The method of claim 16 wherein said binding partners
are antibodies.

18. The method of claim 16 wherein said sample is a
biological sample.

19. The method of claim 18 wherein said sample is whole
blood, serum, plasma, or urine.

20. The method of claim 15 wherein said preselected
analyte is a cardiac analyte.

21. The method of claim 20 wherein said cardiac analyte
is myoglobin, and said marker is carbonic anhydrase III.

22. The method of claim 16 wherein said label is colloidal
gold.

23. The method of ¢laim 16 wherein said mobile, labeled
binding partner to said marker is a gold-labeled monoclonal
anti-carbonic anhydrase III antibody, said conjugate
between said marker and streptavidin is a conjugate of
carbonic anhydrase III and streptavidin, said biotinylated
binding partner to said preselected analyte is biotinylated
anti-myoglobin monoclonal antibody, and said immobilized
binding partner to said preselected analyte is an anti-myo-
globin monoclonal antibody.

24. The method of claim 16 wherein said conjugate
between said marker and streptavidin is a single-chain
polypeptide.

25. A conjugate comprising an analyte or fragment thereof
and streptavidin or a biotin-binding fragment or variant
thereof, wherein independently, said analyte or fragment
thereof in said conjugate is capable of being bound by an
antibody to said analyte, and said streptavidin or biotin-
binding fragment thereof in said conjugate is capable of
binding to biotin.

26. The conjugate of claim 25 wherein said analyte or
fragment thereof 1s a protein or peptide.

27. The conjugate of claim 26 wherein said analyte or
fragment thereof and said streptavidin or biotin-binding
fragment thereof reside on a single polypeptide chain.

28. The conjugate of claim 27 wherein said analyte is
carbonic anhydrase III.

29. The conjugate of claim 28 depicted in SEQ ID NO:1.

30. A polynucleotide encoding the conjugate of claim 27.

31. A polynucleotide encoding the conjugate of claim 28.

32. A polynucleotide encoding the conjugate of claim 29.

33. A polynucleotide of claim 32 as set forth in SEQ ID
NO:2.

34. A conjugate comprising an antibody to a first analyte
or binding fragment thereof and a second analyte or frag-
ment thereof, wherein independently, said antibody to said
first analyte or binding fragment thereof in said conjugate is
capable of binding said first analyte, and said second analyte
or fragment thereof in said conjugate is capable of being
bound by an antibody to said second analyte.

35. The conjugate of claim 34 wherein said second
analyte or fragment thereof is a protein or peptide.

36. The conjugate of claim 35 wherein said second
analyte or fragment thereof and a heavy chain or light chain
of said antibody reside on a single polypeptide chain.
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37. The conjugate of claim 34 wherein said second
analyte is carbonic anhydrase III and said first analyte is
myoglobin.

38. A polynucleotide encoding the conjugate of claim 34.

39. A kit for identifying in a sample the presence or level
of a first analyte over that of a second analyte comprising a
labeling means adapted to label the first analyte through a
binding interaction that is inhibited by the second analyte,
and directions for use of said kit.

40. The kit of claim 39 wherein said labeling means
comprises a conjugate having a component for binding the
first analyte, and a component which binds antibody to the
second analyte.

41. The kit of claim 39 wherein the labeling means
comprises a second analyte and antibody to the first analyte.

42. The kit of claim 41, wherein the labeling means
further comprises antibody to the second analyte having a
detectable label bound thereto.

43. Akit for identifying in a sample the presence or level
of a first analyte over that of a second analyte comprising:

(1) a mobile, labeled binding partner to one of the first
analyte or the second analyte,

(2) a conjugate between the second analyte and a binding
partner to the first analyte;

(3) an immobilized binding partner to the other of the first
analyte and the second analyte; and

(4) instructions for use of said kit.

44. The kit of claim 43 wherein said binding partners are
antibodies.

45. The kit of claim 44 wherein said second analyte is a
peptide or polypeptide and said conjugate between the
second analyte and an antibody to the first analyte comprises
a single-chain polypeptide comprising said second analyte
and a heavy chain or light chain of said antibody.

46. A kit for identifying in a sample the presence or level
of a first analyte over that of a second analyte comprising the
components of

1) a mobile, labeled binding partner to one of the first
analyte or the second analyte,

(2) a conjugate between the second analyte and one of
biotin and streptavidin, and

(3) a binding partner to the first analyte conjugated to the
other of biotin and streptavidin;

(4) an immobilized binding partner to the other of the first
analyte and the second analyte; and

(5) instructions for use of said kit.

47. The kit of claim 46 wherein said second analyte is a
peptide or polypeptide, said conjugate between the second
analyte and one of biotin and streptavidin is a single-chain
polypeptide comprising said second analyte or epitope
thereof and streptavidin or a biotin-binding fragment
thereof, and said binding partner to the first analyte conju-
gated to the other of biotin and streptavidin is a binding
partner to the first analyte conjugated to biotin.

* * * #® *®
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