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57 ABSTRACT 

Assays and antibodies are disclosed for the detection and 
quantitation of cardiac specific troponin I and troponin T in 
body fluids as an indicator of myocardial infarction. Since 
troponin I and Texistin various conformations in the blood, 
the ratios of the monomeric troponin I and T and the binary 
and ternary complexes may be related to the metabolic state 
of the heart. More specifically, immunoassays for determin 
ing the presence or amount of free, binary and ternary 
complexes of troponin I and T are claimed. 
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Figure 1b 
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Figure 2 
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Figure 4 
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Figure 5a 
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Figure 5b 
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Figure 5c 
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Figure 5e 
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METHODS FOR THE ASSAY OF TROPONN 
AND TAND SELECTION OF ANTBODES 

FOR USE IN MMUNOASSAYS 

FIELD OF THE INVENTION 

This invention relates to the assay of troponin I and 
troponin T in blood and more specifically to the changes in 
conformation of the proteins in blood and to the selection of 
antibodies to the various forms of the proteins and their use 
in immunoassays. In another aspect of the invention, com 
positions are taught for the stabilization and recovery of 
troponin I and T in immunoassays. 

BACKGROUND 

Myocardial infarction is one of the leading causes of 
death in the United States. Approximately 5 million indi 
viduals experiencing chest pain are evaluated every year in 
hospitals throughout the United States and of these people, 
less than 30% of them are subsequently found to have had 
a myocardial infarction. The accurate and rapid diagnosis of 
myocardial infarction is important both for the patient 
suffering a myocardial infarction and for the health care 
system which can minimize the costs incurred by rapidly 
identifying individuals who do need treatment. 
The diagnosis of myocardial infarction is usually per 

formed in the emergency department of a hospital. An 
individual having the symptoms of myocardial infaction is 
treated in different ways depending on the obviousness of 
the condition. Generally, an electrocardiogram is given to 
assess the condition of the heart; however, approximately 
50% of patients experiencing myocardial infarction have a 
non-diagnostic electrocardiogram. The physician is then 
faced with a problem of diagnosing and treating the patient 
whom he expects may have a myocardial infarction. 
The World Health Organization (WHO) has instituted 

guidelines for diagnosing myocardial infarction which state 
that an individual must exhibit 2 of the 3 following criteria: 
1) chest pain or have a history of cardiac disease, 2) 
diagnostic electrocardiogram and 3) elevated creatine kinase 
(CK) or creatine kinase, MB isoenzyme (CKMB). For the 
50% of the individuals who are presented to hospitals for a 
suspected myocardial infarction and who have a non 
diagnostic electrocardiogram, the physician must rely on 
symptoms of chest pain and an elevated CK or CKMB to 
diagnose a myocardial infarction. 
The assay of CK or CKMB is generally performed in 

hospital laboratories using sophisticated instrumentation. 
The assays include enzyme assays and immunoassays which 
detect the activity or mass of CK or CKMB present in blood 
samples. 

During an episode of myocardial infarction, heart muscle 
cells die and release their contents to the blood stream. The 
CKMB, for example, which is released, among other cellu 
lar components, becomes elevated above a nominal value 
and can be diagnostic for myocardial infarction. The speci 
ficity of CKMB for diagnosing myocardial infarction is not 
100% because another source of CKMB in the body is 
skeletal muscle. The mass of skeletal muscle in the body far 
exceeds the mass of cardiac muscle so that, through the 
normal catabolic turnover of skeletal muscle cells, the blood 
concentration of CKMB in healthy individuals will vary. In 
general, the concentration of CKMB which may be indica 
tive of myocardial infarction is above 5-7 ng/ml 
(Circulation 87, 1542-1550 (1993). Clin. Chem. 39. 
1725-1728 (1993)). The CKMB concentration of individu 
als who have skeletal muscle injury or who have exercised 
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2 
has been reported to be elevated above 9ng/ml (Clin. Chem. 
38. 2396-2400 (1992)). The problem of specificity using 
CKMB as a marker for myocardial infarction has prompted 
the search for other specific markers which are released only 
from damaged heart muscle. 

Troponin I and troponin Thave recently been shown to be 
more specific than CKMB for diagnosing myocardial inf 
arction (Circulation 83, 902-912 (1991), Clin. Chem. 40. 
1291-1295 (1994). Although troponin T has some 
disadvantages as a marker because it is elevated in patients 
experiencing renal disease (Clin. Chem. 41, 312-317 
(1995)), the inventive methods herein successfully teach the 
use of troponin T as a diagnostic marker. The use of troponin 
I as a diagnostic marker for myocardial infarction also 
appears to meet many of the clinical requirements (Clin. 
Chem. 40, 1291-1295 (1994). Clin. Chem. 41, 312-317 
(1995)). 
The teachings of the instant invention provide methods 

for the selection of antibodies and their use in immunoassays 
for troponin I and troponin T. These proteins, along with 
troponin C, existin both cardiac and skeletal muscle mainly 
as a ternary complex. In the muscle, the troponin complex is 
bound to tropomyosin which is, in turn, bound to the actin 
comprising the thin filaments. The state of troponin I and 
troponin T, whether free or bound as binary or ternary 
complexes, which are released from the muscle, has not 
been investigated. 
The conformations of troponin I, T and C change upon 

binding when forming binary and ternary complexes 
(Biochemistry 33. 12800-12806 (1994), J. Biol. Chem. 254, 
350-355 (1979), Ann. Rev. Biophys. Biophys. Chem. 16, 
535-559 (1987)). An understanding of the conformational 
changes of troponin I and troponin T and the heterogeneity 
of the proteins in the blood is critical for the development of 
accurate diagnostic procedures for measuring troponin I and 
troponinT concentrations. In addition. troponin I is reported 
to be unstable in blood (Direction Insert for Troponin I 
Immunoassay, Sanofi/ERIA Diagnostics Pasteur, Marnes la 
Coquette, France). and the mechanisms responsible for the 
instability have not been understood. This invention 
addresses these problems and provides for stable troponin I 
and T compositions which are useful in immunoassays. 

DESCRIPTION OF FIGURES 

FIG. 1a illustrates the kinetics of air oxidation of troponin 
I as measured by immunoassay. 

FIG. 1b illustrates the kinetics of oxidation by peroxide of 
troponin I as measured by immunoassay. 

FIG. 2 illustrates the kinetics of reduction by dithiothrei 
tol of troponin I and reoxidation of reduced troponin I by 
peroxide as measured by immunoassay. 

FIG. 3 illustrates the effect of troponin C on the immu 
noassay of troponin I in the presence and absence of 
troponin T and binding inhibitors. 

FIG. 4 illustrates the kinetics of disruption of human 
cardiac troponin ternary complex in the presence and 
absence of binding inhibitors as measured by an immunoas 
say for troponin I. 

FIG. 5a illustrate the effect of binding inhibitors on 
troponin I immunoassays from a patient sample with con 
firmed myocardial infarction. 

FIG. 5b illustrates the effect of binding inhibitors on 
troponin I immunoassays from a patient sample with con 
firmed myocardial infarction. 
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FIG. 5c illustrates the effect of binding inhibitors on 
troponin I immunoassays from a patient sample with con 
firmed myocardial infarction. 

FIG. 5d illustrates the effect of binding inhibitors on 
troponin I immunoassays from a patient sample with con 
firmed myocardial infarction. 

FIG. 5e illustrates the effect of binding inhibitors on 
troponin I immunoassays from a patient sample with con 
firmed myocardial infarction. 

FIG. 5f illustrates the effect of binding inhibitors on 
troponin I immunoassays from a patient sample with con 
firmed myocardial infarction. 

DETALED DESCRIPTION 

This invention is directed to the assay of troponin I and 
troponin T in body fluids, particularly, in human blood 
serum and plasma. The presence of cardiac troponin I and T 
in the blood, above a nominal concentration, is diagnostic 
for damaged heart muscle. The teachings of this invention 
show that troponin I and Texist in various conformations in 
the blood which may be the same or different than their 
native conformations in muscle tissue. The ratios of the 
monomeric troponin I and T and the binary and ternary 
complexes may be related to the metabolic state of the heart. 
Based on the reactivities of antibodies to troponin I and T 
and to purified complexes of the troponins, the extent of 
troponin I and T complexation can now be elucidated in 
blood samples from patients suffering from myocardial 
infarction. The embodiments of this invention relate to the 
conformations of troponin I and T in blood and antibodies 
which recognize those conformations. Specifically, antibod 
ies which recognize troponin I and T in the following forms 
are preferred: 1) The conformations of troponin I having 
intramolecularly oxidized and reduced cysteines, 2) The 
binary complexes of troponin I and T. of troponin I and C, 
of troponin T and C. and 3) The ternary complex of troponin 
I, T and C. In addition, methods are described for the 
improved recovery of troponin I and T in immunoassays. 
This invention answers an unmet need for the assays of 
troponin I and T in blood. 
The troponin complex in muscle is comprised of troponin 

I. C and T and these components exist as various tissue 
specific isoforms. Troponin C exists as two isoforms, one 
from cardiac and slow-twitch muscle and one from fast 
twitch muscle. Troponin I and T are expressed as different 
isoforms in slow-twitch, fast-twitch and cardiac muscle 
(Biochem. J. 171. 251-259 (1978), J. Biol. Chem. 265, 
21247-21253 (1990). Hum. Genet. 88, 101-104 (1991), 
Circul. Res. 69, 1226-1233 (1991)). The unique cardiac 
isoforms of troponin I and Tallow them to be distinguished 
immunologically from the other troponins of skeletal 
muscle. Therefore, the release into the blood of troponin I 
and T from damaged heart muscle has been related to cases 
of unstable angina and myocardial infarction. The prior art, 
however, has not addressed other forms of troponin I and T 
in blood. 
The troponin complex in muscle is tightly bound to the 

contractile apparatus. Approximately 6% of the troponin T 
in cardiac tissue exists as an unbound protein in the cyto 
plasm and it is believed that this pool of troponin T is 
released from damaged muscle (Am. J. Cardiol. 67. 
1360-1367 (1991)). The focus herein on troponin Iand T for 
use as markers for myocardial infarction is based in part on 
size: because the proteins are relatively small, it is believed 
that they leak out of damaged cells faster than the larger 
proteins. 
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4 
Antibodies to Troponin Complexes and to Troponin I and T 

In a preferred embodiment, receptor proteins. for 
example. antibodies or binding fragments, are directed to the 
epitopes of troponin I which are insensitive to the oxidation 
state of the molecule. Human cardiac troponin I contains two 
cysteines, at positions 80 and 97 (FEBS Letters, 270, 57-61 
(1990)). In the current art, during the purification of troponin 
I from tissues, the oxidation state of troponin I is directed 
toward the reduced form using various reductants, including 
mercaptoethanol, dithiothreitol and the like (Can. J. Bio 
chem. 54,546-553 (1976), Methods Enzymol. 85.241-263 
(1982)). After purification, the current art also teaches to 
maintain troponin I in the reduced form to prevent intermo 
lecular disulfide formation (J. Biol. Chem. 258. 2951-2954 
(1983)). 

In the development of immunoassays for a target protein. 
the purified target protein acts as a standard with which to 
judge the sensitivity and specificity of the immunoassay 
using the antibodies which have been selected. The teach 
ings of the instant invention show that the cysteines in 
troponin I can rapidly oxidize, intramolecularly, to alter the 
conformation of the protein. The degree of oxidation of 
troponin I has not previously been addressed with respect to 
its effect on the immunoassay process. The teachings 
described herein show that an apparent instability in the 
troponin I molecule is related to the dynamics of the 
intramolecular oxidation or reduction of the troponin I 
molecule. In addition, the selection of antibodies is taught 
for the accurate quantitation of troponin I in blood. 
The terms sensitive and insensitive herein refer generally 

to the ability of an antibody to recognize or not to recognize 
a particular form of troponin I and T or complexes of 
troponin I and T. More specifically, a sensitive antibody 
which is useful in an immunoassay distinguishes one form 
or forms of troponin from another form and an insensitive 
antibody which is useful in an immunoassay does not 
distinguish one form or forms of troponin from another. 

Purified, reduced troponin I undergoes an intramolecular 
oxidation of the cysteines, the rate of which is not dependent 
on the troponin I concentration. Special care should be 
exercised when preparing the oxidized troponin I form, 
especially in the presence of various thiol reducing agents, 
because of the possibility of forming mixed disulfides of the 
protein and the reducing thiol reagent. The mixed disulfide 
form of the protein may not behave as either the oxidized or 
reduced form of the molecule, especially if the antibodies 
used in the immunoassay bind to the region of the protein 
surrounding cysteines 80 and 97. Using purified prepara 
tions of oxidized and reduced troponin I. differential effects 
in the immunoassays using various antibodies raised to 
troponin I were observed. With some antibody pairs, the 
oxidized troponin I was hardly detectable in immunoassays. 
whereas with other pairs, the oxidation state had no effect on 
the immunoassay process. These results show that selection 
of antibodies to the troponin I molecule, without prior 
knowledge of the oxidation state of the troponin I, can result 
in antibodies and an immunoassay process which gives 
erroneous results. This conclusion is exemplified by immu 
noassays of troponin I from patients suffering myocardial 
infarction. The degree of oxidation of troponin I in patient 
samples is variable and indicates the possibility for apparent 
instabilities of troponin I assays of the current art. 

In another preferred embodiment. antibodies or binding 
fragments are directed to the epitopes of the troponin I which 
are insensitive of the binding to troponin C and troponin T. 
The teachings herein show that antibodies are sensitive to 
the binding of troponin Ito troponin C and to troponin Tand 
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provide methods for the estimation of the extent of binding. 
Using purified preparations of troponin I.T and C. the effects 
of troponin Ibinding to troponin C and T on the recognition 
by antibody pairs is taught and is related to the dynamic state 
of troponin I in blood. 

In another preferred embodiment, antibodies or binding 
fragments are directed to the epitopes of the troponin T 
which are insensitive of the binding to troponin C and 
troponin I. The teachings herein show that antibodies are 
sensitive to the binding of troponin T to troponin C and to 
troponin I and provide methods for the estimation of the 
extent of binding. Using purified preparations of troponin I. 
T and C. the effect of troponin Tbinding to troponin C and 
Ion the recognition by antibody pairs is taught and is related 
to the dynamic state of troponin T in blood. 
The degree of binding of troponin I and T to the compo 

nents of the troponin complex or to other proteins of the 
contractile apparatus, including tropomyosin and actin, in 
blood can also be problematic for immunoassays depending 
on the degree and affinity of binding. In their native forms, 
the troponin complex exists in cardiac muscle and in slow 
and fast-twitch skeletal muscle as a ternary complex of 
troponin I, C and T. Troponin I and T from skeletal muscle 
have different amino acid sequences than troponin I and T 
from cardiac muscle, respectively; however, troponin C 
from slow-twitch muscle has the same amino acid sequence 
as the cardiac muscle protein (Nature 271, 31-35 (1978). 
Arch. Biochem. Biophys. 186, 411-415 (1978), FEBS Lett. 
292, 5-8 (1991)). The fast-twitch skeletal muscle troponin 
C, although not identical to the cardiac troponin C, can bind 
to cardiac troponin I (Biochemistry 33,8464–8471 (1994). 
Proc. Natl. Acad. Sci. USA 90,9036-9040 (1993)). 
The release of troponin components. that is, troponin I. C 

and T. or components from the contractile apparatus, for 
example, tropomyosin and actin, from skeletal muscle, due 
to the normal turnover of skeletal muscle cells, may result in 
a significant amount of troponin and contractile apparatus 
components in the blood. Since skeletal muscle mass is 
much greater than cardiac muscle mass, the troponin com 
ponents present in the blood of a normal individual may be 
derived largely from skeletal muscle. The circulating tropo 
nin components which are mainly derived from skeletal 
muscle would bind to cardiac troponin I and T which are 
released into the blood during a myocardial infarction or 
events which lead up to creating damaged heart muscle. As 
muscle damage progresses in an individual the troponin 
components derived from heart tissue will presumably rise 
in the blood. Thus, the concentration of troponin compo 
nents in the blood from individuals experiencing a myocar 
dial infarction may be differentially derived from both 
cardiac and skeletal muscle. 
The form of troponin released from the heart, whether 

uncomplexed or as binary or ternary complexes. into the 
blood may indicate a particular condition of the heart. The 
assays taught herein provide for the analysis of release 
patterns which may allow the physician to diagnose a 
specific heart failure, for example, unstable angina as com 
pared to myocardial infarction. 
The clinical impact of an immunoassay measuring only 

the free troponin I or T from a patient experiencing a 
myocardial infarction can be very significant. Since the 
binding of troponin I and T to troponin components in the 
blood will be variable, depending on the troponin compo 
nent concentrations, an analysis of the bound and free form 
of the troponin I and T in the blood must be considered. For 
example, the binding affinity of troponin I to troponin C, in 
the presence of calcium (which also is present in blood) is 

5 

20 

25 

30 

35 

45 

55 

65 

6 
1.27x10. M (Biochemistry 33, 12729-12734 (1994)). 
This implies that if the troponin C concentration is 100 
ng/ml and the total (bound and free) troponin I concentration 
is 8 ng/ml, then the free concentration of troponin I is 
calculated to be 4.6 ng/ml. If the concentration of troponin 
I which is indicative of a myocardial infarction is 5 ng/ml or 
greater, then an assay which measures only the free form of 
troponin I, in this case, 4.6 ng/ml, will indicate to the 
physician that a myocardial infarction has not taken place. 
Generally, in hospital emergency departments which admit 
patients believed to have had a myocardial infarction, a 
blood sample from the individual will be obtained again in 
an hour or two if the first result is negative. In this example, 
the patient, having a total troponin I concentration of 8 
ng/ml, (which is defined as positive for a myocardial 
infarction), but only a measured concentration of 4.6 ng/ml. 
(would be defined as a negative result), would not be treated 
and would continue to accrue damaged heart muscle. Inter 
pretation of results of troponin T assays would also suffer 
from troponin Tbinding to components of the contractile 
apparatus in blood. Thus, immunoassays of the current art 
which measure the free troponin I and T may not correctly 
diagnose a myocardial infarction when the troponin I or T 
concentration. respectively, is near the decision point. 

In a particularly preferred embodiment, antibodies or 
binding fragments are directed to the cardiac troponin com 
plex. Specifically, antibodies are directed to cardiac specific 
epitopes of troponin I and T of the troponin complex or of 
the troponin IT. IfC and T1C interfaces in the complex. The 
teachings herein show that antibodies which are raised to 
troponin I and Tbind poorly to troponin I or T of the ternary 
complex. Furthermore, the teachings herein show that the 
troponin complex exists in the blood of patients who have 
experienced myocardial infarction. Methods are also 
described which teach one skilled in the art to assess the 
amount of troponin complex in the blood relative to the free 
troponin I and T or binary complexes of troponin I and T. 
using antibodies which bind to the free troponin molecules. 
The association constants for the binary and ternary 

complexes of troponin will be altered during the immunoas 
say process because of the binding of antibodies to the 
troponin components and complexes. The change in the 
affinity constants during the immunoassay may be signifi 
cant or insignificant and will be a function of the antibody 
concentrations. the affinity of the antibodies for the troponin 
components and complexes, and the time that the antibodies 
are allowed to bind to the troponin. These variables can 
change the perceived concentration of troponin I and T and 
lead to erroneous conclusions about the troponin concentra 
tion. For example, if two immunoassays utilize different 
antibody pairs for performing a sandwich immunoassay and 
their antibody concentrations and affinities for troponin I or 
T are different, and if a proportion of the troponin I or T 
occurs in the sample as binary and ternary complexes, one 
may expect that each immunoassay will give a different 
result. In addition, if blood samples contain varying con 
centrations of troponin C, then the proportion of troponin I 
and T that is bound to troponin C as a binary complex will 
differentially perturb each immunoassay. 
The teachings of the instant invention demonstrate that 

the troponin ternary complex is more stable to dissociation 
than the binary complexes of troponin. 

In another preferred embodiment, antibodies or binding 
fragments are directed to epitopes which are insensitive to 
proteolytic degradation of the N-terminal region of troponin 
I. 
The conformation of troponin I is also reported to be 

affected by phosphorylation/dephosphorylation (Biophys.J. 
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63.986-995 (1992), Biochem. 33. 12729-12734 (1994)). In 
another preferred embodiment, antibodies or binding frag 
ments are directed to epitopes of either troponin I or troponin 
I complexes, which are sensitive or insensitive to the phos 
phorylation state of troponin I. Troponin I can be phospho 
rylated using methods described in J. Biol. Chem. 252. 
851-857 (1977). The phosphorylated and dephosphorylated 
preparations of troponin I can be utilized as immunogens for 
generating antibodies as well as antigens for the selection of 
antibodies to the phosphorylated and dephosphorylated 
troponin I. 
The troponin complex can be dissociated into the com 

ponent proteins using various treatments, including high 
concentrations of urea, low pH and metal chelating agents 
which bind divalent metal cations, particularly calcium and 
magnesium (Methods Enzymol. 85,241-263 (1982)). These 
treatments are, in general, very harsh and require several 
hours. Thus, these conditions for dissociating the troponin 
complex are not practical for immunoassays which must be 
performed in a matter of minutes on samples from individu 
als who may be suffering a myocardial infarction. 
The generation and selection of antibodies which are 

preferentially either sensitive or insensitive to the binding of 
troponin I or T in binary complexes are accomplished by 
first preparing binary troponin I/TT/C and I/C complexes 
from purified components (J. Biol. Chem. 254, 350-355 
(1979), J. Biol. Chem. 258, 2534-2542 (1983), J. Biol. 
Chem. 258, 2951-2954 (1983), Can. J. Biochem. Cell Biol. 
63.212-218 (1985), Biochemistry33. 12729-12734 (1994), 
Ann. Rev. Biophys. Biophys. Chem. 16, 535-559 (1987)). 
The generation and selection of antibodies which are sen 
sitive or insensitive to the binding of troponin I or T in the 
ternary complex are accomplished, also, by first purifying 
the ternary complex (Methods Enzymol. 85. 241-263 
(1983)) or by reconstitution of the complex using the 
purified troponin components. One skilled in the art will 
recognize that various other contractile apparatus proteins 
which may be associated with the binary or ternary com 
plexes of troponins can also be constructed from the purified 
components and that the resultant complex can be utilized to 
generate and select antibodies as taught by the instant 
invention. The purified complexes are then injected, for 
example, into mice or rabbits, to generate monoclonal or 
polyclonal antibodies. One skilled in the art will recognize 
that many procedures are available for the production of 
antibodies, for example. as described in Antibodies, A Labo 
ratory Manual, Ed Harlow and David Lane, Cold Spring 
Harbor Laboratory (1988). Cold Spring Harbor, N.Y. One 
skilled in the art will also appreciate that binding fragments 
which mimic antibodies can also be prepared from genetic 
information by various procedures (Antibody Engineering 
A Practical Approach (Borrebaeck, C., ed.), 1995, Oxford 
University Press, Oxford; J. Immunol. 149, 9143-3920 
(1992)). 
The antibodies which are generated are selected by first 

screening for affinity and specificity with the purified binary 
or ternary complexes and comparing the results to the 
affinity and specificity of the antibodies with the purified 
troponin I and T molecules for the desired properties which 
are defined by the immunoassay process. 
The screening procedure can involve immobilization of 

the purified troponin I or T or binary or ternary complexes 
or peptides corresponding to cardiac specific sequences of 
the troponins in separate wells of microtiter plates. The 
solution containing a potential antibody or groups of anti 
bodies is then placed into the respective microtiter wells and 
incubated for about 30 min to 2 h. If an antibody to the 
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protein of interest is present in the solution, it will bind to the 
immobilized troponin. In screening antibodies for binding to 
interfaces of binary or ternary complexes of troponin, an 
antibody is first selected which binds to the binary or ternary 
complex immobilized in the microtiter well. That antibody 
is then further screened for its ability to bind to free troponin 
components; that is, the potential interface antibody should 
not bind to free troponin I. C or T which is immobilized in 
microtiter wells. In addition, the interface antibody should 
never be capable of forming a sandwich assay with binary or 
ternary complexes and an antibody which is known to bind 
to a specific troponin component in the complex in the 
presence of binding inhibitors which are known to disrupt 
the troponin complex. If this latter condition is met, then the 
potential interface antibody should also not be capable of 
forming a sandwich assay with the troponin complex and an 
antibody to a different troponin component than was used in 
the previous screen in the presence of binding inhibitors. If 
this condition is also met, then an interface antibody has 
been selected for a binary complex. An extra immunoassay 
must be performed for selecting an interface antibody to a 
ternary complex; that is, if the previous two conditions are 
met, then the potential interface antibody should also not be 
capable of forming a sandwich assay with the troponin 
complex and an antibody to a different troponin component 
than was used in the two previous screens. The microtiter 
wells are then washed and a labeled secondary antibody (for 
example, an anti-mouse antibody conjugated to alkaline 
phosphatase if the raised antibodies are mouse antibodies) is 
added to the wells and incubated for about 30 min and then 
washed. Substrate is added to the wells and a color reaction 
will appear where antibody to the troponin is present. The 
antibodies which are of interest are then further analyzed for 
affinity and specificity to the cardiac specific molecules and 
for complementarity in forming sandwich complexes with 
the antigens. Those skilled in the art will recognize that 
many approaches can be taken in producing antibodies or 
binding fragments and screening and selecting for affinity 
and specificity for the various troponin antigens, but these 
approaches do not change the scope of the invention. 
Assays for Troponin Complexes and Uncomplexed Tropo 
nin I and T 
A particularly preferred embodiment of this invention is 

directed to the assay of troponin I and troponin T. particu 
larly immunoassays, wherein the antibodies selected for the 
assay bind to cardiac specific sequences of the ternary 
complex, of the binary complexes and of the uncomplexed 
(free) troponin I or T in order to measure the complexed 
(bound) and free fractions of troponin I and T, respectively. 
The cardiac specific sequences of troponin I and T are 
described in FEBS Lett. 270, 57-61 (1990) and Genomics 
21, 311-316 (1994). A synthetic peptide comprised of 14 
amino acids which mimics a cardiac specific sequence of 
troponin I and methods used to prepare antibodies to the 
peptide are described in an International Patent Application 
number PCT/US94/05468 International Publication Number 
WO 94/27156. 
The immunoassay can be formulated with a cocktail of 

antibodies to bind all the troponin complexes and the 
unbound troponin I and T. Alternatively, the immunoassay 
can beformulated with antibodies that recognize epitopes of 
the troponin I and T in the complexes and also the unbound 
troponin I and T. In addition, the immunoassay can be 
formulated with antibodies that bind epitopes at interfaces of 
the component proteins in the complexes and antibodies that 
bind the unbound troponin I and T. 
A preferred immunoassay for troponin I or T involves 

conjugation of a cocktail of antibodies to a label or a signal 



5,795,725 

generator to form antibody conjugates, which are capable of 
binding to cardiac specific regions of the troponin com 
plexes of troponin I or T and to unbound troponin I or T. 
Another antibody or cocktail of antibodies is immobilized 
on a solid phase, for example, a membrane as taught in 
BioTechniques 4, 272-283 (1986), and the membrane is 
placed in a device, for example, as described in allowed U.S. 
patent, Ser. No. 07/961,267, now pending as Ser. No. 
08/458.276. The immobilized antibody is complementary to 
the antibody conjugate and forms sandwich complexes with 
the troponin I or T complexes and the troponin I or T. 
respectively. A plasma or serum sample suspected of con 
taining troponin complexes or components from damaged 
heart muscle is mixed with the antibody conjugate to form 
a reaction mixture and it is allowed to incubate. The reaction 
mixture is then applied to the aforementioned device. The 
sample flows through the membrane and the troponin com 
plexes and components, bound to the antibody conjugates, 
bind to the immobilized antibodies and excess, unbound 
antibody conjugate is washed away with a wash buffer. The 
signal is developed and read, either visually or instrumen 
tally. 
A particularly preferred immunoassay for troponin I 

involves conjugation of at least two antibodies to a label or 
a signal generator to form an antibody conjugate. One of the 
conjugate antibodies is capable of binding to the troponin T 
component of the troponin complexes and the other antibody 
is capable of binding to the free and binary troponin I 
molecules. Another antibody or cocktail of antibodies is 
immobilized on a solid phase, for example, a membrane, and 
the membrane is placed in a device, as described previously. 
The immobilized antibody is complementary with the anti 
body conjugate antibodies to form sandwich complexes with 
either troponin I bound to troponin complexes or to the 
uncomplexed troponin I. A plasma or serum sample sus 
pected of containing troponin complexes or components 
from damaged heart muscle is mixed with the antibody 
conjugate to form a reaction mixture and it is allowed to 
incubate. The reaction mixture is then applied to the afore 
mentioned device. The sample flows through the membrane 
and the troponin complexes and components, bound to the 
antibody conjugates, bind to the immobilized antibodies and 
excess. unbound antibody conjugate is washed away with a 
wash buffer. The signal is developed and read, either visually 
or instrumentally. In this assay procedure, the antibody 
conjugate binds to the troponin complexes through the 
troponin T specificantibody and all free and binary troponin 
I molecules through the troponin I specific antibody. The 
capture antibody or antibodies on the solid phase bind 
antibody conjugates having bound only free troponin I or 
troponin complexes containing troponin I. 

Another particularly preferred immunoassay for troponin 
I involves conjugation of an antibody or a cocktail of 
antibodies to a label or a signal generator to form an 
antibody conjugate. The antibody conjugate binds to either 
troponin I bound to troponin complexes or to the uncom 
plexed troponin I. Immobilized on a solid phase, for 
example, a membrane, in 3 discrete zones, are antibodies or 
cocktails of antibodies which bind the ternary complex, the 
binary complexes of troponin I and the free troponin I, and 
the membrane is placed in a device, as described previously. 
For example, a troponin T antibody which binds to the 
troponin T of the ternary complex is immobilized in one 
discrete zone, a troponin I antibody which binds to the 
troponin I binary complexes (troponin I/C and I/T) is 
immobilized in another discrete zone and a troponin I 
antibody which binds to only the uncomplexed troponin Iis 
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immobilized in yet another discrete zone. The immobilized 
antibodies are complementary with the antibody conjugate 
antibodies to form sandwich complexes with complexed or 
uncomplexed troponin I, as defined by each discrete Zone. 
Alternatively, immobilized on a solid phase, for example, a 
membrane, in 2 discrete zones, are antibodies or cocktails of 
antibodies which bind the troponin I complexes (binary and 
ternary) and the free troponin I. For example, a troponin T 
antibody which binds to the troponin T of the ternary 
complex and a troponin I antibody which binds to the 
troponin I of the binary complexes are immobilized in one 
discrete zone and a troponin I antibody which binds to only 
the uncomplexed troponin I is immobilized in the second 
discrete zone. The immobilized antibodies are complemen 
tary with the antibody conjugate antibodies to form sand 
wich complexes with complexed or uncomplexed troponin I. 
as defined by each discrete zone. A further embodiment of 
this invention utilizes antibodies on the solid phase for 
detection of troponin I complexes which bind to the inter 
faces of the binding domains of troponin I/T and I/C. A 
plasma or serum sample suspected of containing troponin 
complexes or components from damaged heart muscle is 
mixed with the antibody conjugate to form a reaction 
mixture and it is allowed to incubate. The reaction mixture 
is then applied to the aforementioned device. The sample 
flows through the membrane and the troponin complexes 
and components, bound to the antibody conjugate(s), bind to 
the respective immobilized antibodies in the discrete zones 
and excess, unbound antibody conjugate is washed away 
with a wash buffer. The signal is developed and read, either 
visually or instrumentally. In this assay procedure, the 
antibody conjugate binds to the troponin I and the troponin 
I binary and ternary complexes through the troponin I 
specific antibody or antibodies. The capture antibody or 
antibodies in discrete zones on the solid phase bind the 
antibody conjugates which are specific to the uncomplexed 
troponin Ior troponin complexes containing troponin I. This 
immunoassay allows quantification of the fractions of tropo 
nin I, namely, the complexed and the uncomplexed fractions. 
The inventive teachings described herein show that uncom 
plexed and complexed troponin exists in plasma and serum 
samples from patients with confirmed myocardial infarction. 
The determination of the complexed and uncomplexed 
troponin Ifractions may yield important clinical data relat 
ing to the type and extent of muscle damage, for example, 
from unstable angina or myocardial infarction or to the 
success of thrombolytic therapy. 
A particularly preferred immunoassay for troponin T 

involves conjugation of at least two antibodies to a label or 
a signal generator to form an antibody conjugate. One of the 
conjugate antibodies is capable of binding to the troponin I 
component of the troponin complexes and the other antibody 
is capable of binding to the free and binary troponin T 
molecules. Another antibody or cocktail of antibodies is 
immobilized on a solid phase, for example, a membrane, and 
the membrane is placed in a device, as described previously. 
The immobilized antibody is complementary with the anti 
body conjugate antibodies to form sandwich complexes with 
either troponin T bound to troponin complexes or to the 
uncomplexed troponin T. A plasma or serum sample sus 
pected of containing troponin complexes or components 
from damaged heart muscle is mixed with the antibody 
conjugate to form a reaction mixture and it is allowed to 
incubate. The reaction mixture is then applied to the afore 
mentioned device. The sample flows through the membrane 
and the troponin complexes and components, bound to the 
antibody conjugates, bind to the immobilized antibodies and 
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excess, unbound antibody conjugate is washed away with a 
wash buffer. The signal is developed and read, either visually 
or instrumentally. In this assay procedure, the antibody 
conjugate binds to the troponin complexes through the 
troponin I specific antibody and all free and binary troponin 
T molecules through the troponin T specific antibody. The 
capture antibody or antibodies on the solid phase bind 
antibody conjugates having bound only free troponin T or 
troponin complexes containing troponin T. 

Another particularly preferred immunoassay for troponin 
T involves conjugation of an antibody or a cocktail of 
antibodies to a label or a signal generator to form an 
antibody conjugate. The antibody conjugate binds to either 
troponin T bound to troponin complexes or to the uncom 
plexed troponin T. Immobilized on a solid phase, for 
example. a membrane, in 3 discrete zones, are antibodies or 
cocktails of antibodies which bind the ternary complex, the 
binary complexes of troponin Tand the free troponin T, and 
the membrane is placed in a device, as described previously. 
For example, a troponin I antibody which binds to the 
troponin I of the ternary complex is immobilized in one 
discrete zone, a troponin T antibody which binds to the 
troponin T binary complexes (troponin I/T and C/T) is 
immobilized in another discrete zone and a troponin T 
antibody which binds to only the uncomplexed troponin T is 
immobilized in yet another discrete zone. The immobilized 
antibodies are complementary with the antibody conjugate 
antibodies to form sandwich complexes with complexed or 
uncomplexed troponin T. as defined by each discrete zone. 
Alternatively, immobilized on a solid phase, for example, a 
membrane, in 2 discrete zones, are antibodies or cocktails of 
antibodies which bind the troponin T complexes (binary and 
ternary) and the free troponin T. For example, a troponin I 
antibody which binds to the troponin I of the ternary 
complex and a troponin T antibody which binds to the 
troponin T of the binary complexes are immobilized in one 
discrete zone and a troponin Tantibody which binds to only 
the uncomplexed troponin T is immobilized in the second 
discrete zone. The immobilized antibodies are complemen 
tary with the antibody conjugate antibodies to form sand 
wich complexes with complexed or uncomplexed troponin 
T. as defined by each discrete zone. A further embodiment of 
this invention utilizes antibodies on the solid phase for 
detection of troponin T complexes which bind to the inter 
faces of the binding domains of troponin C/T and IT. A 
plasma or serum sample suspected of containing troponin 
complexes or components from damaged heart muscle is 
mixed with the antibody conjugate to form a reaction 
mixture and it is allowed to incubate. The reaction mixture 
is then applied to the aforementioned device. The sample 
flows through the membrane and the troponin complexes 
and components, bound to the antibody conjugate(s), bind to 
the respective immobilized antibodies in the discrete zones 
and excess, unbound antibody conjugate is washed away 
with a wash buffer. The signal is developed and read, either 
visually or instrumentally. In this assay procedure, the 
antibody conjugate binds to the troponin T and the troponin 
T binary and ternary complexes through the troponin T 
specific antibody or antibodies. The capture antibody or 
antibodies in discrete zones on the solid phase bind the 
antibody conjugates which are specific to the uncomplexed 
troponin T or troponin complexes containing troponin T. 
This immunoassay allows quantification of the fractions of 
troponin T. namely, the complexed and the uncomplexed 
fractions. The inventive teachings described herein show 
that uncomplexed and complexed troponin exists in plasma 
and serum samples from patients with confirmed myocardial 
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infarction. The determination of the complexed and uncom 
plexed troponin T fractions may yield important clinical data 
relating to the type and extent of muscle damage, for 
example, from unstable angina or myocardial infarction or 
to the success of thrombolytic therapy. 

Another particularly preferred immunoassay indepen 
dently measures the cardiac troponin ternary complex, the 
cardiac troponin binary complexes (troponin IT, T/C and 
I/C) and the free cardiac troponin I and T. This method 
involves conjugation of antibodies or a cocktail of antibod 
ies to a label or a signal generator to form an antibody 
conjugate. The antibody conjugates bind to either troponin.T 
and I bound to troponin complexes or to the uncomplexed 
troponin Tand I. Immobilized on a solid phase, for example, 
a membrane, in 6 discrete Zones, are antibodies or cocktails 
of antibodies which bind the ternary complex, the binary 
complexes of troponin I and T and the free troponin I and T. 
and the membrane is placed in a device, as described 
previously. For example, a troponin I antibody which binds 
to the troponin I of the ternary complex is immobilized in 
one discrete zone, 3 different antibodies, each recognizing 
the interfaces of the binding domains of troponin I/T, T/C 
and I/C, are immobilized in 3 discrete zones, a troponin I 
antibody which binds to the free troponin I is immobilized 
in another zone and a troponin Tantibody which binds to the 
free troponin T is immobilized in another zone. The immo 
bilized antibodies are complementary with the antibody 
conjugate antibodies to form sandwich complexes with 
complexed and uncomplexed troponin Tand I, as defined by 
each discrete zone. A plasma or serum sample suspected of 
containing troponin complexes or components from dam 
aged heart muscle is mixed with the antibody conjugate to 
form a reaction mixture and it is allowed to incubate. The 
reaction mixture is then applied to the aforementioned 
device. The sample flows through the membrane and the 
troponin complexes and components, bound to the antibody 
conjugate(s), bind to the respective immobilized antibodies 
in the discrete zones and excess, unbound antibody conju 
gate is washed away with a wash buffer. The signal is 
developed and read, either visually or instrumentally. In this 
assay procedure, the antibody conjugates bind to the free 
troponin I and T, to the troponin I and T of the binary 
complexes and the troponin I or T of the ternary complex. 
The capture antibodies in discrete zones on the solid phase 
bind the antibody conjugates which are specific to the free 
troponin I and T and to the troponin complexes. This 
immunoassay allows quantification of each of the ternary 
troponin complex, the troponin T/C, IT, I/C and the free 
troponin I and T. The inventive teachings described herein 
show that uncomplexed and complexed troponin exists in 
plasma and serum samples from patients with confirmed 
myocardial infarction. The determinations of the individual 
troponin ternary complex, the troponin I and T binary 
complexes and uncomplexed troponin I and T fractions may 
yield important clinical data relating to the type and extent 
of muscle damage, for example, from unstable angina or 
myocardial infarction or to the success of thrombolytic 
therapy. 

In another embodiment of this invention, inhibitors which 
affect the affinity constants of the association of troponin I 
complexes or of troponin T complexes are added to the 
sample prior to formation of the reaction mixture so that the 
free troponin I or troponin T is measured, respectively. The 
binding inhibitors may disrupt the troponin complexes or 
they may open up or partially unravel the complex, such that 
some or all interactions between the troponin components 
are broken so that epitopes may be more easily assessible to 
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the antibodies for binding. Inhibitors can be selected from 
the group of compounds which comprise, but is not limited 
to, metal chelating agents and peptides which compete with 
troponin I or troponin T for binding to proteins of the 
contractile apparatus. Metal chelating agents, particularly 
those which bind to calcium and magnesium, lower the 
affinity constant, for example, of troponin I and troponin C 
binding by about a factor of 10 as compared to the affinity 
in the presence of calcium (Biochemistry 33. 12729-12734 
(1994)). Peptides which affect troponin I and troponin T 
binding to proteins of the contractile apparatus include 
mastoparan, melittin and peptide sequences which mimic 
the troponin I and Tsequences at their binding domains with 
the proteins of the contractile apparatus (Biochemistry 31. 
11326-11334 (1992), J. Biol. Chem. 267. 15715-15723 
(1992). Biochemistry 33, 8233-8239 (1994)). Other pep 
tides which are useful as inhibitors are those which mimic 
the binding domains of the troponin components. The bind 
ing domains are described, for example, in Ann. Rev. 
Biophys. Biophys. Chem. 16,535-559 (1987), and with the 
binding domain information, one skilled in the art synthe 
sizes the peptide which mimics the peptide of the protein at 
the binding domain. 

In another embodiment of this invention, troponin C is 
added to the sample prior to the formation of the reaction 
mixture of the immunoassay so that all or nearly all of the 
troponin I or T in the sample will be bound by troponin C 
during the course of the assay. The troponin C concentration 
in the sample should be about 0.5 g/ml to 100 pg/ml and 
preferably about 1 to 10 pg/ml. 

In another embodiment of this invention, troponin C and 
T are added to samples prior to formation of the reaction 
mixture of immunoassays for troponin I in order to bind all 
or nearly all of the troponin I in the form of the ternary 
troponin complex. The troponin C and T concentrations in 
the sample should be about 0.5 to 100 g/ml and preferably 
about 1 to 10 ug/ml. 

In yet another embodiment of this invention, troponin C 
and Iare added to samples prior to formation of the reaction 
mixture of immunoassays for troponin T in order bind all or 
nearly all of the troponin T in the form of the ternary 
troponin complex. The troponin C and T concentrations in 
the sample should be about 0.5 to 100 g/ml and preferably 
about 1 to 10 g/ml. 
These embodiments wherein troponin components are 

added to the sample prior to formation of the reaction 
mixture have several advantages. 

Firstly, troponin I adsorbs tenaciously to glass surfaces 
and various membranes which can result in a lower mea 
sured troponin I concentration. Troponin T also adsorbs to 
surfaces. However, when bound to troponin C or in the 
ternary complex, the adsorptive characteristics of troponin I 
and T are dramatically reduced. Thus, the recovery of the 
troponin I/C or T/C complex or the ternary complex can be 
better than troponin I or T. In this embodiment, antibodies 
that recognize the troponin I or T complexes are used in the 
immunoassays. 

Secondly, if antibodies which bind only to the complexed 
troponin I or T are required, then the antibody selection 
process is less stringent because the antibodies are not 
required to have a similar affinity to the free troponin Ior T. 
One skilled in the art will appreciate the inventive teach 

ings described herein and will recognize with these teach 
ings that addition of reagents to a device or to each other, as 
recited in the embodiments, has many forms, and these 
forms are within the scope of this invention. 
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Stabilization of Troponin or T for Calibrator Reagents 

Troponin I and T are known to be unstable in aqueous 
formulations, as well as in patient samples. The (apparent) 
instabilities of the proteins, as taught herein, are related to 
the oxidation state of the troponin I, the propensity of 
troponin I and T to form complexes with other troponin 
proteins and the adsorptive characteristics of troponin I and 
T. 

Stabilization of troponin I is performed by the intramo 
lecular oxidation of the cysteines and the protein is stored 
without thiol reducing agents, such as mercaptoethanol, 
dithiothreitol and the like. 
The storage of troponin I in solutions containing high 

concentrations of thiol reductants will maintain the 
cysteines, overall, in the reduced form. However, intramo 
lecular oxidation and reduction of a protein is a dynamic 
process whereby the protein will exist for some time in the 
oxidized form even in the presence of the reductants. In the 
case of reductants, such as mercaptoethanol or 
N-acetylcysteine, that is. reductant molecules with only a 
single thiol group, mixed disulfides of the reductant and the 
protein thiol will form. The half-life of this mixed disulfide 
will be a function of the reductant concentration and the rate 
of intramolecular oxidation; that is, the mixed disulfide can 
be reduced by both the thiol reductant reagent and the other 
protein cysteine, assuming that both cysteines are not in the 
mixed disulfide form. In the case of reducing the intramo 
lecularly oxidized troponin I, the reductant with a single 
thiol group will reduce the intramolecular cystine to yield a 
cysteine and a mixed disulfide of the protein. The mixed 
disulfide of the protein will be reduced by either the cysteine 
of the protein or the thiol reductant. This process continues 
and eventually results in depleting the reductant concentra 
tion to a level where it can no longer maintain the protein in 
the reduced state. As the reductant concentration approaches 
the concentration of thiol in the troponin I, the protein 
cysteine and the thiol reductant reagent can form mixed 
disulfides, which will not be reduced by the thiol reductant. 
Alternatively, the protein will oxidize, intramolecularly, and 
the thiol reductant is not in sufficient concentration to reduce 
the cystine. The end result, upon depletion of the thiol 
reductant, will be a mixture of troponin I which is in the 
intramolecularly oxidized form and protein which is in the 
mixed disulfide form. Each of these forms of troponin I has 
a different conformation. 

In the case of utilizing thiol reductant reagents which 
possess two thiol groups, for example dithiothreitol or 
dithioerythritol, the end result, upon depletion of the thiol 
reductant, will be only the oxidized form of the troponin I. 

Therefore, antibodies which are sensitive to the oxidation 
state of the troponin I will differentially recognize the 
various forms of the troponin I in the immunoassay. The 
immunoassay will then measure an inaccurate concentration 
of troponin I. 
The teachings herein describing the oxidation of troponin 

I and the adsorptive behavior of troponin I and T have led 
to the finding that troponin I and T can be stabilized as the 
troponin ternary complex. 
A preferred composition of stabilized troponin I com 

prises an aqueous solution of the intramolecularly oxidized 
troponin I. 
A particularly preferred composition of stabilized tropo 

nin I and T comprises a buffered solution of the ternary 
complex of troponin I, T and C in the presence or absence 
of calcium and magnesium salts. A preferred range of pH of 
the solution is between 6 and 9 and a range of calcium and 
magnesium salts concentrations, for example calcium and 



5,795,725 
15 

magnesium chloride, of between 0.01 mM and 10 mM. A 
particularly preferred buffered solution consists of up to 
about 100%. human serum or plasma. The ternary complex 
can be formed from the component troponin I.T and C, or 
alternatively, it can be isolated and purified from cardiac or 
skeletal muscle (Methods Enzymol. 85,241-263 (1982)). 
Methods for Improving the Recovery of Troponin I in 
Membranes 
The adsorption of troponin I and T to surfaces and to 

various proteins is known to occur and this phenomenon can 
lower the measured troponin concentration. In particular, 
when immunoassays are performed in devices or instru 
ments which have a large surface area, for example, when 
membranes are incorporated into the assay process. the 
surface area which is exposed to the sample can lower the 
recovery of troponin. Membranes made up of nylon or 
compositions of glass fibers having sizes of between 2 
mmx2 mmX1 mm and 40 mmx40 mmx5 mm can influence 
the recovery of troponin I and Twhen coupled with the assay 
process. 
The troponin I and T molecules have a high degree of 

basic amino acids. At physiological pH, the basic amino 
acids are largely positively charged and these charged 
groups contribute to the adsorptive behavior of the proteins. 

In a preferred embodiment of this invention, various 
components are added to membranes to improve the recov 
ery of troponin I and T in the immunoassay process. 
Specifically, peptides or proteins which are also strongly 
basic are added to membranes or surfaces of devices 
involved in the assay process prior to addition of the sample 
or reaction mixture. Preferred compounds for this use 
include peptides, proteins and polymers with p values 
greater than about 8. Included in this group are lysozyme, 
cytochromes, protamine, polylysine, polyvinyl amine, melit 
tin and mastoparan. Concentrations of blocking reagents 
which are added to surfaces or membranes range from about 
0.01 mg/ml to 100 mg/ml and typically about 0.1 mg/ml to 
10 mg/ml. 

EXPERTMENTAL SECTION 

EXAMPLE 1. 

Preparation of Reagents for Troponin ELISA 
Immunoassays 

Preparation of Anti-Troponin Antibody Alkaline Phos 
phatase Conjugates 

Alkaline phosphatase (Calzyme, San Luis Obispo, Calif.) 
in 50 mM potassium phosphate. 10 mM potassium borate, 
150 mM sodium chloride, pH 7.0, at 10 mg/ml was deriva 
tized with SMCC (succinimidyl 4-N-maleimidomethyl 
cyclohexane-1-carboxylate, Pierce Chemical Co., Rockford, 
Ill.) to achieve a 15/1 molar ratio of SMCC/enzyme. The 
derivatization was performed at room temperature for 90 
min and subsequently chromatographed on a GH-25 column 
(Amicon Corp. Beverly, Mass.) equilibrated in 50 mM 
potassium phosphate, 10 mM potassium borate, 150 mM 
sodium chloride, pH 7.0. 
The anti-troponin antibodies in 50 mM potassium 

phosphate, 10 mM potassium borate, 150 mM sodium 
chloride, pH 7.0, at 10 mg/ml were derivatized with SPDP 
(N-succinimidyl-3-(2-pyridyldithiolpropionate. Pierce 
Chemical Co.) to achieve a 10/1 molar ratio of SPDP 
antibody. The antibody was diluted to 2 mg/ml and Dithio 
threitol and taurine were added to the solution at final 
concentrations of 1 mM and 20 mM, respectively, and the 
solution was subsequently incubated at room temperature 
for 30 min. The antibody-SPDP was chromatographed on a 
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GH-25 column (Amicon Corp.) equilibrated in SO mM 
potassium phosphate. 10 mM potassium borate. 150 mM 
sodium chloride, 0.1 mM ethylenediamine tetraacetic acid, 
pH 7.0. 
The SMCC-alkaline phosphatase (in 50 mM potassium 

phosphate. 10 mM potassium borate. 150 mM sodium 
chloride, 5 mM magnesium chloride. pH 7.0) and the 
thiol-antibody (in 50 mM potassium phosphate, 10 mM 
potassium borate, 150 mM sodium chloride, 0.1 mM ethyl 
enediamine tetraacetic acid pH 7.0), both diluted to 1 mg/ml. 
were rapidly added to each other with mixing in eqimolar 
amounts. The solution was incubated at room temperature 
for 3 hours, after which N-ethyl maleimide was added to a 
final concentration of 2 mM. 
Preparation of Biotinylated Troponin Antibodies 

Biotin-XX, succinimidyl ester (6-((6((biotinoyl)amino) 
hexanoyl)amino)hexanoic acid, succinimidyl ester, Molecu 
lar Probes, Eugene, Oreg.) at 40 mM in dimethylformamide 
was added slowly with mixing to an antibody solution at 2 
mg/ml in 50 mM potassium borate. 150 mM sodium 
chloride, pH 8.2. (BBS) to achieve a final molar ratio of 20/1 
biotin-XXlantibody. The solution was incubated at room 
temperature for 2 h, after which the solution was dialyzed at 
40° C. for at least 12 h. 
Preparation of Avidin-HS Magnetic Latex 

Add, while vortexing, 1 ml Estapor Paramagnetic latex 
particles (0.94, Bangs Laboratories, Carmel, Ind., at 10% 
solids, washed 4 times with deionized water) in water to 9 
ml of 0.55 mg/ml avidin-HS (Scripps Laboratories, San 
Diego, Calif.) in 50 mm Tris hydrochloride, 150 mM sodium 
chloride, pH 7.5. Incubate the latex solution at 45° C. for 2 
h. Wash the latex 3 times, each with 10 ml BBS, and 
resuspended in 10 ml BBS. 

EXAMPLE 2 
Immunoassay of Human cardiac Troponin I and Troponin T 
Two immunoassay protocols are described. They were 

used to detect Troponin I and Troponin T, either present in 
human serum and plasma or in solutions containing purified 
proteins. 
Protocol A 
The sample containing troponin I or troponin T was 

diluted to 1-10 ng/ml troponin I or troponin T in an assay 
buffer (hereafter called assay buffer) containing 10 mM 
3-(N-morpholino)propane sulfonic acid, 650 mM sodium 
chloride, 1 mM magnesium chloride, 0.1 mM zinc chloride, 
1 mg/ml polyvinyl alcohol (10,000 m.w.), 10 mg/ml bovine 
serum albumin, 1 mg/ml sodium azide, pH 7.0. To 25 ul of 
diluted sample in a microtiter plate well was added 50 pull of 
assay buffer containing 2.5 g/ml anti-troponin I or troponin 
T antibody conjugates (Example 1) and 2.5 g/ml biotiny 
lated anti-troponin I or troponin T polyclonal antibody 
(Example 1) to form a reaction mixture. After a 30 minute 
incubation of the reaction mixture at room temperature, 25 
pil of avidin-HS coated magnetic latex (Example 1: 0.5% 
latex in assay buffer) was added to the microtiter plate well, 
followed by a 5 minute incubation at room temperature. The 
magnetic latex was pelleted using a microtiter plate magnet 
(Perceptive Diagnostics, Cambridge, Mass.) and washed 
twice in BBS-Tween (20 mM borate, 150 mM sodium 
chloride. 0.1 mg/ml sodium azide, 0.02% Polyoxyethylene 
20-Sorbitan Monolaurate (Tween-20), pH 8.2) and once in 
TES (40 mM Tris, 150 mM sodium chloride, pH 7.5) The 
pellet was resuspended in ELISA amplification reagents 
(Gibco BRL, Gaithersburg. Md.) according to the manufac 
turer's instructions. After the amplification was complete. 
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the magnetic latex was pelleted and 80 pil of the colored 
supernatant was transferred to a fresh microtiter plate. The 
absorbance at 490 nm (OD) was measured using a 
microtiter plate reader (Molecular Devices, Palo Alto, 
Calif.). 
Protocol B 

The sample containing troponin I or troponin T was 
diluted into assay buffer as described in protocol A. To 80 kil 
of diluted sample in a microtiter plate well was added 40 l. 
of assay buffer also containing 30 pg/ml anti-troponin I or 
troponin T monoclonal antibody and 7.5 ug/ml biotinylated 
anti-troponin Ior troponin T polyclonal antibody (Example 
1) that was complimentary to the monoclonal antibody to 
form the reaction mixture. Aliquots (25 ul) were removed at 
various times (2 minutes to 24 hours) and were added to 
microtiter plate wells containing 25 ul of avidin-HS coated 
magnetic latex (0.5% latex solids in assay buffer), followed 
by a 5 minute incubation. The magnetic latex was pelleted 
and washed once in BBS-Tween and once in assay buffer, 
The pellet was resuspended in 25 ul of assay buffer also 
containing 5 ug/ml of goat anti mouse kappa antibody 
conjugated to alkaline phosphatase (Southern BioTechnol 
ogy Associates. Inc., Birmingham, Ala.) followed by a 15 
minute incubation. The magnetic latex was pelleted and the 
remainder of the assay was performed as indicated in 
Protocol A. 

EXAMPLE 3 

Selection of Anti-Troponin I Antibodies that Bind 
the Oxidized, the Reduced or Both the Oxidized 
and Reduced Forms of Human Cardiac Troponin I 

Anti-troponin I antibody conjugates (Example 1) and 
complimentary biotinylated troponin Ipolyclonal antibodies 
(Example 1) were tested for recognition of intramolecularly 
oxidized or reduced troponin I. The anti troponin I mono 
clonal antibodies tested were: clone 2D5 and clone 1A12 
(BiosPacific. Emeryville, Calif.), clone 110 and 111 
(Research Diagnostics, Inc., Flanders, N.J. ) and clone 
TRI-7 F81 (DAKO Corporation, Carpinteria, Calif.). The 
biotinylated anti-troponin I antibodies tested were affinity 
purified goat polyclonals, specified as peptide 1, peptide 2. 
peptide 3 or peptide 4 specific (BiosPacific. Emeryville, 
Calif.). Human cardiac troponin I. (P. Cummins, University 
of Birmingham, Birmingham, UK) was air oxidized at 1.0 
g/ml as described in example 4 to form the intramolecular 

disulfide. The oxidized troponin I was diluted to 1-10 ng/ml 
in assay buffer either without (oxidized sample) or with 
(reduced sample) dithiothreitol (DTT) at a final concentra 
tion of 3mM. followed by a 3 hour incubation at room 
temperature to allow reduction of the disulfide by DTT. The 
oxidized and reduced samples were assayed without further 
dilution using Protocol A of Example 2. The results are 
shown in Table 1 and are expressed in terms of a ratio of the 
slope for oxidized troponin I (Tn) divided by the slope for 
reduced troponin I. The assay slope increases with increas 
ing recognition of troponin I by the antibody pair. 
The data show that antibodies can be selected that either 

preferentially bind oxidized or reduced troponin I or bind 
oxidized and reduced troponin I approximately the same. 
Selection of the antibodies without regard to the oxidation 
reduction state of troponin I can lead to a substantial error in 
the quantification of the troponin I concentration. 
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TABLE 1. 

Ratio of 
assay slopes 

Anti troponin Anti troponin (oxized 
monoclonal I polyclonal Tn reduced 

antibody antibody Tn) 

Clone 2D5 peptide 1 8.3 
specific 

Clone 2D5 peptide 3 O 
specific 

Clone 1A2 peptide i 0.6 
specific 

Clone A12 peptide 3 1.3 
specific 

Clone A12 peptide 4 1.2 
specific 

Clone TR-7 peptide 1 0.5 
F81 specific 
Clone TRI-7 peptide 2 0.5 
F81 specific 
Clone TR-7 peptide 3 0.5 
F81 specific 
Clone TR-7 peptide 4 O.5 
F81 specific 
Clone 110 peptide 4 O.8 

specific 
Clone 111 peptide 3 10 

specific 
Clone 111 peptide 4 0.4 

specific 

EXAMPLE 4 

Oxidation-Reduction of Purified Human Cardiac Troponin I 
The kinetics of intramolecular oxidation and reduction of 
purified troponin I (P. Cummins, University of Birmingham, 
UK) was measured with an immunoassay (Protocol A. 
Example 2) using a clone 2D5 antibody conjugate (Example 
1) and biotinylated goat anti troponin I peptide 1 polyclonal 
antibody (Example 1). This antibody pair binds strongly to 
oxidized troponin I and weakly to reduced troponin I as 
described in Example 3. The results of the assay are 
expressed in terms of an assay slope (ODo per ng/ml total 
(oxidized-Hreduced) troponin I in the linear range of the 
assay. The assay slope increases with the fraction of oxi 
dized troponin I. 
Air Oxidation of Reduced Troponin I 
The rate of air oxidation of troponin I at two troponin I 

concentrations was measured. Reduced troponin I at 0.27 
mg/ml in a buffer containing 20 mM Tris-HCl, 0.5M sodium 
chloride, 60 mM 2-mercaptoethanol, pH 7.5, was diluted to 
either 1300 ng/ml or 10 ng/ml in assay buffer containing 
either no or 25 mM 2-mercaptoethanol. The solutions were 
incubated at room temperature. Aliquots were taken after 
various incubation times, as indicated in FIG. 1a, diluted to 
4 and 8 ng/ml troponin I in assay buffer, and assayed 
immediately. The results are shown in FIG. 1a, wherein the 
error bars represent 1 standard deviation (SD). 
Peroxide Oxidation of Reduced Troponin I 

Peroxide (Fisher, unstabilized) was added to final con 
centration of 2 mM or 20 mM to an aliquot of the 1300 ng/ml 
solution of reduced troponin I (see this example, air 
oxidation) immediately after the troponin I was diluted from 
the 0.27 mg/ml stock solution. Aliquots were taken after 
various incubation times, as indicated in FIG. b. treated 
with catalase (Calbiochem, La Jolla. Calif.; 0.01 mg/ml final 
concentration for 5 minutes) to remove the peroxide. diluted 
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to 4 and 8 ng/ml troponin I, and assayed immediately. The 
results are shown in FIG. 1b, wherein the error bars repre 
sent 1 SD. 
DTT Reduction of Oxidized Troponin I 
Troponin Ithat was incubated (air oxidized) at 1000 ng/ml 

in assay buffer for 15 hours at room temperature was diluted 
to 4 and 8 ng/ml in assay buffer. DTT was added to a final 
concentration of 0.1.5 and 3.0 mM followed by incubation 
at room temperature for the times indicated in FIG. 2. The 
aliquots were then assayed for troponin I. After steady state 
was reached (approximately 6 hours), aliquots (100 l) from 
the three DTT concentration samples were reoxidized with 
20 mM peroxide for 15 minutes, treated with catalase for 5 
minutes and assayed. The results are shown in FIG. 2, 
wherein the error bars represent 1 SD. 
The data show that the results of an immunoassay can 

vary over time if the oxidation-reduction state of the tropo 
nin I is allowed to change. The oxidation-reduction state of 
troponin I. and thus the immunoassay results, can be revers 
ibly changed and greatly stabilized over time by the use of 
oxidants and reductants. 

EXAMPLE 5 
Alkylation of Reduced Troponin I 

Troponin I was rapidly alkylated using various alkylating 
reagents. The stock reduced troponin I (University of 
Birmingham) was at 0.27 mg/ml in 20 mM Tris 
hydrochloride, 0.5M sodium chloride. 50 mM 
2-mercaptoethanol. Three alkylation reactions (#1-3) were 
performed and a control was prepared (#4): 

1. 20 pil of stock troponin I was added to 20 ul 0.5M 
potassium borate, 0.2 mM ethylenediamine tetraacetic 
acid, pH 8.0 and subsequently, 10 Jul 398 mM iodoac 
etamide was added. 

2. 20 ul of stock troponin I was added to 20 pil 0.5M 
potassium borate, 0.2 mM ethylenediamine tetraacetic 
acid, pH 8.0 and subsequently, 10 l 398 mM iodoace 
tic acid was added. 

3. 20 ul of stock troponin I was added to 20 l 0.5M 
potassium borate, 0.2 mM ethylenediamine tetraacetic 
acid, pH 8.0 and subsequently, 12.5 ul 319 mM 
N-ethylmaleimide was added. 

4. 20 pil of stock troponin I was added to 20 pil 0.5M 
potassium borate, 0.2 mMethylenediamine tetraacetic 
acid pH 8.0 and subsequently, 10 pil 0.5M potassium 
borate, 0.2 mM ethylenediamine tetraacetic acid pH 
8.0 was added. 

The reactions were incubated at room temperature for 1 h 
25 min. During this incubation, the stock troponin I was kept 
on ice. Aliquots (24 pul) of each solution (1-4) were added to 
0.9 pil of 2.9M mercaptoethanol and were incubated at room 
temperature for 15 min, after which the samples were frozen 
in liquid nitrogen. The remaining aliquots of each solution 
(1-4) were also frozen in liquid nitrogen with no further 
treatment. 

EXAMPLE 6 
Immunoassay of Alkylated Troponin I 

Freshly thawed Troponin I alkylated (Example 5) with 
N-ethyl maleimide (NEM), iodoacetic acid (IHAC), iodoac 
etamide (IAM), or no alkylation reagent (control sample, 
Example 5) was diluted to 1-10 ng/ml in assay buffer. A 
freshly thawed aliquot of the reduced stock troponin I 
(Example 5) was diluted (standard sample) into assay buffer 
containing either 0 or 3 mM DTT. Aliquots (25 ul) of all 
dilutions were taken after either a 0.5 hour or 5.5 hour 
incubation at room temperature and assayed (Protocol A, 
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Example 2) using a clone 2D5 anti troponin I monoclonal 
antibody conjugate and biotinylated goat anti troponin I 
peptide 1 specific polyclonal antibody (Example 1). This 
antibody pair hinds strongly to oxidized troponin I and 
weakly to reduced troponin I (Examples 3 and 4). Troponin 
I will remain substantially reduced during a 0.5 hour incu 
bation but will be almost completely oxidized (by air) after 
a 5.5 hour incubation unless DTT is present to stabilize the 
reduced form (see Example 4). The results are shown in 
Table 2 and are given in terms of assay slope (OD per 
ng/ml total troponin I) in the linear range. A larger assay 
slope indicates a stronger binding interaction between the 
antibodies and the troponin I. 
The data show that the antibody pair binds alkylated 

troponin I similarly to reduced troponin I, that is, weakly in 
comparison with oxidized troponin I. Furthermore, alkyla 
tion stabilizes the immunoassay result with respect to time. 
similarly to the effect observed by the use of oxidants or 
reductants to stabilize the oxidation-reduction state of tropo 
nin I (Example 4). The lower and more stable assay slope of 
the control sample as compared with the standard sample is 
explained by the presence of mixed disulfides formed 
between the two cysteine residues of the control sample 
troponin I and 2-mercaptoethanol during the room tempera 
ture incubation of the control sample at pH 8 (see Example 
5). 

TABLE 2 

Assay slope Assay slope Ratio of assay 
(O.5 hour) (5.5 hour slopes (5.5 

Sample incubation) incubation) hour/0.5 hour) 

reduced Tin 0.030 0.030 1.0 
standard 
(+DTT) 
reduced Tin 0.058 0.21 3.6 
standard 
(-DTT) 
TI Control 0.037 0.078 2.1 
Tn alkylated 0.023 0.026 1. 
with NEM 
TnIalkylated 0.013 0.03 1.0 
with AM 
TmI alkylated S001 s0.01 
with HAC 

EXAMPLE 7 

Effect of Peroxide on Immunoassay of Cardiac 
Troponin I from Patients with Confirmed 

Myocardial Infarction 
Frozen Human serum or plasma, drawn in heparin tubes 

from patients with confirmed myocardial infarction, was 
obtained from local hospitals. The serum or plasma was 
thawed at room temperature and immediately split into two 
aliquots. One aliquot was oxidized at room temperature by 
the addition of peroxide at a final concentration of 20 mM. 
The second aliquot was untreated. The oxidation reaction 
was stopped after 20 minutes by the addition of catalase at 
a final concentration of 0.01 mg/ml. Ten minutes after the 
catalase was added both the oxidized and the untreated 
aliquots were diluted serially by factors of four in assay 
buffer and assayed immediately for cardiac troponin I using 
the 2D5 anti troponin I conjugate and biotinylated anti 
troponin Ipeptide 3 specificantibodies (Example 2. Protocol 
A). This complimentary antibody pair binds oxidized tropo 
nin I strongly and reduced troponin I weakly (Example 3). 
Air oxidized (example 4) purified troponin I (P. Cummins, 
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University of Birmingham), diluted to 2, 4, and 8 ng/ml in 
assay buffer. was assayed with the same antibody reagents to 
construct a standard curve. The concentration of troponin I 
in the neat oxidized or untreated serum or plasma sample 
(Table 3) was calculated from this standard curve using the 
ODo measurements that fell within the linear range of the 
assay. 
The data show that oxidation of serum or plasma samples 

from patients with confirmed myocardial infarction can have 
a substantial effect on the concentration of cardiac troponin 
Idetermined by immunoassay. Immunoassay of troponin I in 
serum or plasma without regard to the oxidation state of the 
troponin I could lead to a serious underestimation of the 
troponin I concentration and result in the non-diagnosis of a 
myocardial infarction. 

TABLE 3 

Troponin I 
Time between Troponin I concentration 

sample concentration by assay of 
collection and by assay of Peroxide 

freezing untreated oxidized 
Sample (hours) sample (ng/ml) sample (ngiml) 

1 Plasma 2 6.3 9.4 
2 Plasma 6.5 0.8 10 
3 Setum 9.3 6.6 8.3 
4 Serum 6.5 319 46.5 
5 Plasma 6.5 31.7 49.7 
6 Plasma 9.5 0.6 10 
7 Serum 11.5 0.4 0.4 
8 Plasma 5.0 4.5 5.4 
9 Serum 10.5 1.6 2.3 
10 Plasma or unknown 13.6 13.2 
Serum 

EXAMPLE 8 

Effect of Peroxide on Immunoassay of Cardiac 
Troponin I in Human Plasma after two Freezed 

Thaw Cycles 
Plasma sample number 5 (Table 3. Example 7) was stored 

untreated on ice for three hours after it was initially thawed 
and then refrozen and stored at -70° C. for several days. The 
plasma was thawed at room temperature and split into two 
aliquots; one was oxidized with peroxide and the other was 
left untreated as described in Example 7. The concentration 
of troponin I in the oxidized and untreated aliquots was 
determined immediately by the immunoassay described in 
example 7 and was found to be 53.9 ng/ml in the untreated 
aliquot and 56.4 ng/ml in the oxidized aliquot. 
The data show that oxidation of the plasma after the 

second thaw did not have a substantial effect on the con 
centration of cardiac troponin I determined by immunoas 
Say. 

EXAMPLE 9 

Immunoassay of Cardiac Troponin I in Oxidized 
and Reduced Plasma From a Patient With 

Myocardial Infarction 
Frozen Human plasma drawn in heparin tubes from a 

patient with a confirmed myocardial infarction was obtained 
from a local hospital. The plasma was thawed at room 
temperature and immediately split into two aliquots. One 
aliquot was oxidized with peroxide as described in Example 
7. The other aliquot was reduced by addition of DTT to a 
final concentration of 10 mM. followed by a 3 hour incu 
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bation at room temperature. The oxidized aliquot was then 
diluted serially by factors of 2 into assay buffer and the 
reduced aliquot was diluted serially by factors of 2 into assay 
buffer containing 3 mM DTT. The diluted aliquots were 
assayed for troponin I immediately (Protocol A, Example 2) 
either with the complementary antibody pair clone 2D5 anti 
troponin I conjugate and biotinylated anti troponin I peptide 
3 polyclonal antibody or with the complementary antibody 
pair clone TRI-7 F81 anti troponin I conjugate and biotiny 
lated anti troponin I peptide 3 polyclonal antibody. Purified 
troponin I (University of Birmingham) which was air oxi 
dized (example 4) was diluted to 2, 4, and 8 ng/ml in assay 
buffer and was used to construct the standard curve from 
which the concentration of troponin I in the neat oxidized or 
reduced plasma sample was determined. The results are 
shown in Table 4. 
The data show that chemical oxidation and reduction of 

cardiac troponin I in the plasma sample affects the recog 
nition of the tested antibody pairs for the troponin I in a 
manner similar to that observed for purified troponin I 
(Example 3). 

TABLE 4 

Assayed Ratio of 
troponin I Assayed troponin I 
concentration troponin I concentrations 

Monoclonal (ng/ml) in concentration (oxidized 
antibody oxidized (ng/ml) in plasma/reduced 
conjugate plasma reduced plasma plasma) 

Clone 2D5 82 <1 >82 
Clone TR-7 52.8 77.5 O.68 
F81 

EXAMPLE 10 

Selection of Anti Troponin I Antibodies That Are 
Either Sensitive or Insensitive To The Binding of 

Troponin C to Troponin I 
Monoclonal anti troponin I conjugates and complimen 

tary biotinylated anti troponin I polyclonal antibodies 
(Example 1) were tested for their recognition of free tropo 
nin I and troponin II bound to troponin C in a binary 
complex. Four types of troponin Isamples were prepared at 
room temperature and assayed for troponin I; they are: 
oxidized troponin I with and without added troponin C and 
reduced troponin I with and without added troponin C. 
Oxidized (by air, see Example 4) Human cardiac troponin I 
(P. Cummins, University of Birmingham) was diluted to 2. 
4. and 8 ng/ml in assay buffer containing 2 mM calcium 
chloride. One aliquot of each concentration of troponin Iwas 
either untreated or reduced by the addition of DTT to a final 
concentration of 3 mM from a 30 mM DTT stock solution 
in assay buffer to form a reduction reaction. Three hours 
after the reduction reaction was started, each oxidized and 
reduced troponin Ialiquot was split into two aliquots; to one 
aliquot was added human cardiac troponin C (Bio-Tech 
International Inc., Seattle, Wash.) to a final concentration of 
0.1 mg/ml from a 1 mg/ml stock solution in 20 mM 
potassium phosphate. 4 mM potassium borate, 150 mM 
sodium chloride, pH 7.0 to form a binding reaction mixture. 
and to the other aliquot was added the same volume of the 
above buffer without troponin C. One hour after the troponin 
C was added, all the aliquots were assayed for troponin I 
(Protocol A, Example 2) using the antibody pairs listed in 
Table 5. The results in Table 5 are expressed as a fractional 
assay response which was determined by dividing the assay 



5,795,725 
23 

slope in the presence of troponin C by the assay slope in the 
absence of troponin C. 
The results in Table 5 show that some antibody pairs 

recognize free troponin I and troponin Ibound to troponin C 
equally well, while other antibody pairs recognize only free 
troponin I. An immunoassay with antibodies that do not 
recognize troponin Ibound to troponin C will underestimate 
the total troponin I concentration when some of the troponin 
I is present as the troponin I/C binary complex. 

TABLE 5 

Biotinylated 
Anti troponin anti troponin Fractional assay response 

I antibody I polyclonal Oxidized Reduced 
conjugate antibody troponin I troponin 

Clone 2D5 Peptide 3 0.81 0.60 
specific 

Clone 11 Peptide 1 0.83 Not determined 
specific 

Clone 111 Peptide 3 0.47 0.52 
specific 

Clone 111 Peptide 4 0.59 0.19 
specific 

Clone 110 Peptide 4 0.96 0.48 
specific 

Clone A12 Peptide 1 <0.05 <0.05 
specific 

Clone 1A12 Peptide 3 <0.05 30.05 
specific 

Clone 1A12 Peptide 4 <0.05 <0.05 
specific 

Clone TR7 F81 Peptide 1 0.74 0.79 
specific 

Clone TR7 F81 Peptide 2 0.92 1.04 
specific 

Clone TR7 F81 Peptide 3 0.94 0.97 
specific 

Clone TR7 F81 Peptide 4 0.70 0.79 
specific 

EXAMPLE 11 

Effect of Troponin T, EDTA and Melittin on a 
Troponin I Immunoassay With Troponin C Present 

in large Excess Over Troponin I 

Ethylenediamine tetraacetic acid (EDTA) lowers the bind 
ing affinity of troponin I for troponin T and troponin C by 
chelating calcium and magnesium ions. Melittin lowers the 
affinity of troponin I for troponin C by binding to troponin 
C. The effectiveness of EDTA and Melittin (hereafter 
referred to as binding inhibitors) in breaking up the binary 
complex of troponin I and troponin C in the presence and 
absence of troponin T was assessed. Oxidized Human car 
diac troponin I (P. Cummins. University of Birmingham) at 
1.0 ug/ml in assay buffer containing 2 mM calcium chloride 
was reduced with dithiothreitol at a final concentration of 3 
mM for three hours at room temperature. The reduced 
troponin I was diluted to 2 and 4 ng/ml in assay buffer 
containing 2 mM calcium chloride and 3 mM dithiothreitol. 
Each concentration was split into four aliquots to which 
were added human cardiac troponin C (Bio-tech 
International, Inc.) to final concentrations of 0.0.1, 1.0, and 
10.0 pg/ml and from 100-fold excess stock solutions in 20 
mM potassium phosphate, 4 mM potassium borate, 150 mM 
sodium chloride, pH 7.0. Each of the resulting aliquots were 
further split into two aliquots to which was added human 
troponin T (Scripps Labs) to a final concentration of either 
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0.0 or 0.1 g/ml from a 100-fold excess stock solution in 
deionized water. The aliquots were incubated at room tem 
perature for one hour after the addition of troponin T, then 
assayed for troponin I (Protocol B, Example 2). The anti 
body solution added to the microtiter plate wells contained 
30 g/ml clone 1A12 anti troponin I and 7.5 g/ml biotiny 
lated anti troponin I peptide 4 specific antibodies (example 
1) either without or with binding inhibitors (30 mM EDTA 
and 0.15 mM Melittin (Sigma Chemical, Co.. St. Louis, 
Mo.)). Aliquots of the reaction mixtures formed by the 
addition of antibodies to the troponin I samples were 
removed after 0.5 h and were further treated as described in 
Protocol B, Example 2. The assay results for the samples 
containing no troponin C or T and no binding inhibitors were 
used to construct a standard dose-response curve. The frac 
tional assay response (shown in FIG. 3) for samples con 
taining inhibitors and troponin components was determined 
by dividing the assay slope for each sample by the slope of 
the standard curve. 

The data show that in the presence of troponin C, the 
troponin I concentration is largely underestimated. The 
binding inhibitors almost completely reverse the effect of 
troponin C. The presence of troponin T in the absence of 
troponin C has no effect on the troponin I immunoassay. In 
the presence of troponin C and T. the concentration of 
troponin I is dramatically reduced. The binding inhibitors 
appear to be less effective at opening up or partially unrav 
eling the troponin complex when the complex is ternary than 
when the complex is binary. 

EXAMPLE 12 

Effect of Binding Inhibitors on an Immunoassay of 
Troponin I in the Presence of Troponin C or 

Troponin C and T 

Solutions containing 1.0 g/ml purified human cardiac 
troponin I (reduced by DTT, Example 4) and either 1.2 
g/ml human cardiac troponin C (Bio-tech International, 

Inc.) or 1.2 pg/ml troponin C and 3.1 ug/ml human cardiac 
troponin T (Scripps Labs) were incubated for 2 hours at 
room temperature in assay buffer containing 3 mM DTT. 
Troponin C was added to troponin I prior to addition of 
troponin T. The troponin solutions were diluted to 2.4 and 
8 ng/ml in terms of troponin I concentration in assay buffer 
containing 2 mM calcium chloride and 0.5 mM DTT and 
assayed immediately with and without binding inhibitors as 
described in example 11. Aliquots of the reaction mixtures 
of antibodies and troponin components were removed 0.5h 
and 2.2 h after the antibodies were added. These aliquots 
were further treated as described in Protocol B. Example 2. 
Reduced troponin I without added troponin C and T and 
without binding inhibitors was assayed to produce a stan 
dard curve. The results are expressed in Table 6 as a fraction 
assay response which was determined by dividing the assay 
slope for each sample by the slope of the standard curve. 
The data show that troponin T and C present in approxi 

mately a two fold molar excess above the troponin I con 
centration substantially lowers the amount of troponin I 
measured in the immunoassay. Troponin C alone has a 
smaller effect on the measured troponin I concentration at 
the antibody concentrations used in this assay. The binding 
inhibitors partially reverse the effect of troponin C and T at 
0.5 h incubation and completely at 2.2 h. 



5,795,725 
25 

TABLE 6 

Title after 
antibodies 
added Fractional assay response 

(hours) With troponin C With troponin C and T 

O.5 0.88 O.94 O.55 O.75 
2.2 1.15 1.02 0.44 1.02 

EXAMPLE 13 

Assay of Purified Human Cardiac Ternary Troponin 
Complex for Troponin I 

Purified human cardiac ternary troponin complex (Bio 
tech International, Inc., 3 mg/ml stock solution in a buffer 
containing 20 mM sodium citrate, pH 6) was diluted to 
concentrations ranging from 1 to 15 ng/ml total troponin I in 
assay buffer containing 2 mM calcium chloride but without 
the 0.1 mM zinc chloride or the 1 mM magnesium chloride 
(hereafter called metal-free assay buffer). The diluted solu 
tions were assayed for troponin I with and without inhibitors 
present as described in Example 11. Aliquots of the reaction 
mixtures of the antibodies with the troponin complex were 
taken at the times indicated in FIG. 4 and were further 
treated as described in Protocol B, Example 2. Purified 
troponin I (Bio-tech International, Inc.) was assayed and 
used to construct a standard curve. The fractional assay 
response shown in FIG. 4 was determined by dividing the 
assay slope for the complex (ODo as a function of total 
troponin I concentration) by the slope of the standard curve. 
The results show that troponin I that is bound in the 

ternary complex with troponin C and T is not recognized 
very well by the antibodies at the antibody and troponin I 
concentrations used in this assay, even after a very long 
incubation time. In particular, the 30 minute time point had 
no detectable troponin I, with or without inhibitors. The 
binding inhibitors slowly open up or partially unravel the 
complex and thus slowly increase the fraction of troponin I 
recognized by the antibodies. 

EXAMPLE 14 

Effect of Binding Inhibitors on a Troponin I 
Immunoassay of Plasma and Serum from Patients 

with Confirmed Myocardial Infarction 
Frozen serum and plasma drawn in EDTA and Heparin 

tubes from patients with a confirmed myocardial infarction 
were obtained from local hospitals and thawed at room 
temperature. Calcium chloride was added to a final concen 
tration of 6 mM (to bind all the EDTA) and the resultant 
solution was incubated for two hours at room temperature 
and then overnight at 4°C. The incubated samples were 
diluted by factors of two to a maximum dilution factor of 
256 in metal-free assay buffer. The diluted samples were 
immediately assayed for troponin I with and without binding 
inhibitors as described in Example 11, with the exception 
that the polyclonal antibody was goat anti-troponin I peptide 
3 specific. Aliquots of the reaction mixture formed by the 
addition of antibodies to the diluted samples were taken at 
the times indicated in FIGS. Saf and further treated as 
described in Example 2. Protocol B. Oxidized troponin I 
(University of Birmingham) at 2.4 and 8 ng/ml in metal-free 
assay buffer was assayed to produce a standard curve. The 
ODoo values measured for the diluted serum or plasma 
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samples were plotted as a function of the inverse of the 
dilution factor. The slope in the linear region of the resultant 
curve (typically at ODoo<2, which corresponds to a tropo 
nin I concentration of less than 8 ng/ml) was divided by the 
slope of the standard curve to obtain the concentration of 
troponin I in the neat serum or plasma sample shown in 
FIGS.5a-f. Each FIG. 5a through 5freflects immunoassays 
on serum or plasma from different patients. 
The data show that the measured concentration of tropo 

nin I in all of the serum and plasma samples tested was 
increased by the addition of binding inhibitors. Importantly, 
the time profile of the measured concentration of troponin I 
was in some cases biphasic (FIGS. 5a-c and 5e). The fast 
phase was complete within the first assay time of 0.5 h. The 
slow phase continued to rise for 6-24 hours depending on 
the sample. A slow phase was also observed for the purified 
ternary troponin complex (Example 13). The slow phase 
observed for the diluted serum and plasma samples, may, 
therefore, be associated with the opening up or partial 
unraveling of a ternary complex by the inhibitors and 
antibodies. The fast phase indicates a bound complex of 
troponin Ithat is more easily opened up or partially unrav 
eled than the ternary complex, since the fast phase is absent 
for the purified ternary complex (Example 13). Thus, the fast 
phase could be associated with the opening up or partial 
unraveling of binary complexes of troponin I. 

EXAMPLE 1.5 

Immunoassays That are SensitiveTo Free Troponin 
I, Troponin I Bound in a Ternary Complex, and 

Both Free and Bound Troponin I 
Three sets of antibodies were evaluated for their ability to 

recognize free troponin I and troponin Ibound in the ternary 
complex. Three antibody stock solutions described below as 
#1-3 were prepared in metal-free assay buffer either with or 
without binding inhibitors (30 mM EDTA and 0.15 mM 
Melittin) and the following antibodies: 

1. 30 g/ml 1A12 anti troponin I and 7.5 ug/ml biotiny 
lated anti troponin I peptide 4 specific; 

2. 30 uglml 1A12 anti troponin I. 30 g/ml 9B1 anti 
troponin T monoclonal (Biospacific), 5 g/ml each of 
biotinylated anti troponin I peptide 1. 2. 3 and 4 
specific; 

3. 30 ug/ml 9B1 anti troponin T and 5 g/ml each of 
biotinylated anti troponin I peptide 1. 2, 3 and 4 
specific. 

Human cardiac troponin ternary complex (Bio-tech 
International. Inc.) was diluted to 1-15 ng/ml troponin I 
equivalents in metal free assay buffer and purified troponin 
I(Bio-tech International, Inc.) was diluted to 2.4 and 8 ng/ml 
in the same buffer. The dilutions of the troponin complex and 
troponin I were assayed immediately using Protocol B. 
Example 2 with antibody solutions #1-3. Aliquots of the 
reaction mixtures formed by the addition of the antibodies to 
the troponin complex and troponin Isamples were taken at 
0.5 h and 2.5 h after the antibodies were added and were 
further treated as described in Example 2. Protocol B. The 
results are shown in Table 7 and are expressed in terms of 
an assay slope with units of ODo per ng/ml total troponin 
I in the linear range of the assay. A higher slope indicates 
better binding of the antibodies to the troponin components. 
Antibody solution #2 was tested and found to be negative for 
cross reactivity with purified human cardiac troponin T 
(Scripps Labs) at 1-6 ng/ml using the assay protocol 
described herein (data not shown). 
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The data show that the immunoassay using the antibodies 
in solution #1 recognizes free troponin I but not troponin I 
in the ternary complex. The immunoassays using the anti 
bodies in solution #2 recognizes free troponin I and troponin 
I in the ternary complex almost equally well. Thus, antibody 
solution #2 is superior to solution #1 for the assay of total 
troponin I when a fraction of the troponin I is present as the 
ternary complex. The immunoassay using the antibodies in 
solution #3 recognizes the ternary complex well but recog 
nizes free troponin I poorly. This poor recognition of free 
troponin I causes the assay slope for antibody solution #3 to 
decrease over time in the presence of binding inhibitors. By 
using all three antibody solutions in immunoassays, one can 
estimate independently the concentrations of free troponin I 
(solution #1), total troponin I (solution #2) and bound 
troponin I (solution #3). 

TABLE 7 

Assay Slope (ODoo per ng/ml total 
troponin I) 

Troponin Troponin 
ternary ternary 
complex complex 

Time after (without (with 
Antibody antibodies Free binding binding 
solution if added Troponin I inhibitors) inhibitors) 

il O.5 0.14 KOOO6 COOO6 
2.5 0.14 0.003 0.021 

2 0.5 0.12 0.8 0.14 
#2 2.5 0.22 0.17 0.12 
3. 0.5 0.008 0.18 0.17 
3. 2.5 0.008 0.17 0.08 

EXAMPLE 16 

Estimation of Free Toponin I. Bound Troponin I 
and Total Troponin I in Plasma From a Patient with 

a Myocardial Infarction 
The three antibody solutions described in Example 15 

were used in immunoassays to measure the troponin I 
concentration in plasma from a patient with a confirmed 
myocardial infarction. The frozen plasma was treated and 
diluted into metal-free assay buffer as described in Example 
14. The diluted plasma was assayed for troponin I immedi 
ately using Protocol B. Example 2 with antibody solutions 
#1-3 (Example 15). Aliquots were taken 0.5h and 2.5 h after 
the antibodies were added to the samples to form the 
reaction mixtures and were further treated as described in 
Example 2. Protocol B. Either free troponin I at 1-4 ng/ml 
or the troponin complex (Bio-tech International, Inc.) at 1-8 
ng/ml troponin I in metal-free assay buffer was assayed and 
used to construct a standard curve of ODo as a function of 
total troponin I concentration for each antibody solution. 
The concentration of troponin I in the neat plasma sample, 
as shown in Table 8, measured by each antibody solution 
was determined using either the standard curve for free 
troponin I or for troponin I in the ternary complex in the 
absence of binding inhibitors as indicated in Table 8 and as 
described in Example 14. The ratio determined by dividing 
the assayed troponin Iconcentration with binding inhibitors 
by the concentration without inhibitors is also shown in 
Table 8. 
The data show that the concentration of troponin I deter 

mined by immunoassay using antibody solution #1 is much 
more sensitive to the presence of binding inhibitors and 
thereby to the opening up or partial unraveling of the 
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troponin complex than that determined using solution #2 or 
#3. The data of Example 15 suggest that antibody solution 
#1 measures mainly free troponin I, solution #2 measures 
both free troponin I and troponin I bound in the ternary 
complex and solution #3 measures mainly troponin I bound 
in the ternary complex. Thus, the conclusions from Example 
15 taken together with the data in Table 8, indicate that 
substantial Gamounts of both free and bound troponin I are 
present in the diluted plasma sample. Among the three 
antibody solutions, used in the immunoassays. solution #2 
gives the largest assayed troponin I concentration, as 
expected, because the immunoassay using antibody solution 
#2 measures both free and bound troponin I. Thus, antibody 
solution #2 appears to provide the most sensitive measure of 
troponin I in the plasma sample. Antibody solution #2 
standardized with the purified troponin complex gave the 
most stable assay with respect to inhibitor addition and assay 
incubation time. The decrease of troponin I concentration at 
2.5 h measured with antibody solution #2 standardized with 
free Troponin Iis due to an increase at 2.5 h of the slope of 
the standard curve. 

TABLE 8 

Standard Troponin I 
used to concentration in 

Time after determine plasma (ngi ml) 

antibodies troponin Without With 
Antibody added, I concen- binding binding 
solution (hours) tration inhibitors inhibitors Ratio 

1. 0.5 Troponin 91 186 20 

2.5 Troponin 83 251 30 
I 

#3 0.5 Ternary 134 108 0.8 
Troponin 
Complex 

#3 2.5 Ternary 87 65 0.74 
Troponin 
Complex 

#2 0.5 Troponin 280 360 1.3 

#2 2.5 Troponin 172 220 1.3 

#2 0.5 Ternary 229 299 1.3 
Troponin 
Complex 

2 2.5 Ternary 223 286 1.3 
Troponin 
Complex 

EXAMPLE 17 

Immunoassay of Free Human Cardiac Troponin T 
and Troponin T in the Human Cardiac Ternary 

Complex 

Two antibody stock solutions (#1 and 2) were prepared as 
described below in metal-free assay buffer either with or 
without binding inhibitors (30 mM EDTA and 0.15 mM 
Melittin) and with the following antibodies: 

1. 30 g/ml 1A12 anti troponin L, 30 g/ml 9B1 anti 
troponin T and 7.5 ug/ml biotinylated anti troponin T 
peptide 3 specific (Biospacific). 

2. 30 pg/ml 9B1 anti troponin T and 7.5 g/ml biotiny 
lated anti troponin T peptide 3 specific. 

Human cardiac troponin ternary complex (Bio-tech 
International, Inc.) was diluted to 1-20 ng/ml troponin T in 
metal free assay buffer and purified Human cardiac troponin 
T (Scripps Labs) was diluted to 1.5, 3.0 and 6.0 ng/ml in the 
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same buffer. The dilutions of the troponin complex and 
troponin T were assayed immediately using Protocol B. 
Example 2 with antibody solutions #1 and #2. Aliquots of 
the reaction mixtures formed by the addition of the antibod 
ies to the troponin complex and troponin T samples were 
taken at 0.5 h and 3.0 h after the antibodies were added and 
were further treated as described in Example 2. Protocol B. 
The results are shown in Table 9 and are expressed in terms 
of an assay slope with units of ODo per ng/ml total 
troponin T in the linear range of the assay. A higher slope 
indicates better binding of the antibodies to the troponin 
components. 
The data show that the antibodies in solution #1 recognize 

both free troponin T and troponin T bound in the ternary 
complex equally well. The antibodies in solution #2 recog 
nize free troponin T well but recognizes troponin T in the 
ternary complex poorly. Thus, antibody solution #1 is 
expected to provide the most sensitive and accurate measure 
of the total concentration of troponin T in Human blood 
samples in which a substantial amount of the ternary com 
plex is present. 

TABLE 9 

Time after Assay slope (OD490 per ng/ml troponin T) 

antibodies Free Free Troponin Troponin 
added to troponin T troponin T complex complex 
troponin without with without with 

Antibody sample binding binding binding binding 
solution (hours) inhibitors inhibitors inhibitors inhibitor 

O.S O069 0.078 0.06 OOTO 
i2 0.5 O.O.8 0.085 OO13 O.O12 
2 3.0 0.08 0.08 0.018 0.023 

EXAMPLE 18 

Use of Troponin C to Prevent Non-specific Binding 
of Troponin I to Filter Membranes 

oxidized cardiac troponin I (air oxidized. Example 4. 
University of Birmingham) at 100 ng/ml final concentration 
in human serum (Hybritech. Inc., San Diego) was incubated 
either with or without 100 ug/ml human cardiac troponin C 
(Bio-tech International, Inc.) at room temperature for 30 
minutes. Two filter membranes, a CytoSep filter (Ahlstrom 
Filtration, Mount Holly Springs, Pa.) and a glass fiber filter 
(GB-100R, Micro Filtration Systems, Dublin, Calif.) were 
cut into rectangles measuring 1.5 cm by 3.0 cm and were 
secured to a transparency film (catalog #pp2500, 3M, 
Austin, Tex.) by a piece of tape across the filters. The 
troponin I solutions with and without troponin C (300 l) 
were applied slowly to the top of the filters at one end and 
the solution migrated through the filter to the far end by 
wicking action. About 15 pil of solution was collected from 
the far end with a plastic pipet tip. The collected solutions 
were diluted by factors of 20, 40 and 80 in assay buffer and 
assayed using Protocol A. Example 2 with TRI-7 F81 anti 
troponin Iconjugate and biotinylated anti troponin Ipeptide 
3 specific antibodies. Aliquots of the troponin I solutions 
with and without troponin C that had not been passed 
through the filters were also assayed and used to construct a 
standard curve from which the concentration of troponin I in 
the solution that had passed through the membrane was 
determined. The calculated concentration was divided by 
100 ng/ml to obtain the fraction of recovered troponin I 
shown in Table 10. The experimental errors given in Table 
10 represent one standard deviation. 
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The data show that the presence of troponin C helps to 

lower the non-specific binding of troponin I to the filter 
membranes. 

TABLE 10 

Fraction of troponin I recovered 

Filter Without troponin C With troponin C 

CytoSep O.O3 - 0.03 O.15 OO4 
Glass Fiber OOOOO3 O.09 OO4 

EXAMPLE 19 

Use of Proteins of High Isoelectric Point to Prevent 
Non-specific Binding of Troponin I to Filter 

Membranes 

Ablood filter (CytoSep 1.5 cmx3.0 cm) was soaked for 16 
hours at room temperature in solutions of deionized water 
containing 1 mg/ml of the proteins listed in Table 11. The 
filters were rinsed once with deionized water and dried for 
2 hours at 35° C. Oxidized human cardiac troponin I 
(Bio-tech International, Inc.) at 100 ng/ml in human serum 
(Hybritech, Inc.. San Diego, Calif.) also containing 2 mM 
added calcium chloride was passed through the filters as 
described in Example 18. The amount of troponin Irecov 
ered from the filters was determined by assay (Protocol B. 
Example 2) using TRI-7F81 anti-troponin I and biotinylated 
anti troponin I peptide 4 specific antibodies with added 
binding inhibitors (Example 11). The data in Table 11 are 
expressed as the fraction of troponin Irecovered, which was 
determined as described in Example 18. 
The results show that Melittin substantially reduces the 

non-specific binding of troponin Ito the blood filter, whereas 
the other proteins had little effect at the concentrations 
tested. 

TABLE 11 

Fraction of troponin. I 
Protein recovered 

No addition O.16 
Cytochrome C 0.1 
Casein O.16 
Melittin 0.72 
Lysozyme O.15 
Non-fat dried milk 0.08 

EXAMPLE 20 

Immunoassay of Ternary Troponin Complex using 
TRI-7 F81 anti Troponin I and Biotinylated anti 

Troponin I Peptide 4 Antibodies 
The purified ternary troponin complex (Bio-tech 

International, Inc.) was assayed for troponin I as described 
in Example 13, except that the title antibody pair was used 
in the immunoassay and the aliquot of the reaction mixure 
of the antibodies with the troponin sample was taken three 
hours after the antibodies were added to the troponin. The 
fractional assay response was 0.16 in the absence of binding 
inhibitors and 0.49 in the presence of binding inhibitors. 
The data show that the title antibody pair recognizes 

troponin I in the ternary complex poorly. In example 10, it 
was shown that the presence of troponin C without Troponin 
Thad little effect on the recognition of the title antibody pair 
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for troponin I. Thus, the title antibody pair can bind to 
troponin I present in the binary complex with troponin C 
better than it can bind to Troponin I present in the ternary 
complex. 

5 
EXAMPLE 21 

Immunoassay of Troponin I in Plasma From a 
Patient With Confirmed Myocardial Infarction 

Using TRI-7 F81 Anti Troponin I Conjugate and 
Biotinylated Anti Troponin I Peptide 1 Specific 

Antibodies 

O 

Frozen plasma from a patient with a confirmed myocar 
dial infarction was thawed and diluted in human serum 
(Hybritech Inc.. San Diego, Calif.) also containing 0.5M 
added sodium chloride and assayed for troponin I with the 
title antibody pair using Protocol A. Example 2. Oxidized 
purified human cardiac troponin I (University of 
Birmingham) was assayed and used to construct a standard 
curve from which the troponin I in the plasma was deter 
mined. The neat plasma sample was refrozen in a -70° C. 
freezer after being on ice for several hours. The frozen 
plasma was rethawed at room temperature and was assayed 
using the same protocol as described above except the 
plasma and troponin I standards were diluted into assay 
buffer. The standards exhibited almost identical assay slopes 
when diluted in serum (first assay) or assay buffer (second 
assay). The neat plasma sample was further incubated at 4 
C. for the times indicated in Table 12 and reassayed in assay 
buffer. 

The data show a substantial increase in the assayed 
troponin I concentration after a freeze?thaw cycle and after 
incubation at 4°C. This assay instability may be associated 
with the opening up or partial unraveling of the ternary 
troponin complex by the freezefthaw cycle. 
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TABLE 12 

Assayed concentration of 
Time of assay troponin I 

After first thaw of plasma 
2 hours after second thaw of 
plasma 
19 hours after second thaw of 
plasma 
90 hours after second thaw of 
plasma 

284 ng/ml 
>800 ng/ml 

1760 ng/ml 
45 

2300 mg/ml 

We claim: 
1. An assay for determining the presence or amount of a 

cardiac specific free and complexed isoform of troponin, 
said complex comprising isoforms selected from the group 
consisting of troponin I, troponin C and troponin T, com 
prising the steps of performing an immunoassay with anti 
body specific to a cardiac troponin which binds a complex 
comprising two or more of said isoform and another of said 
isoform of troponin in said sample, wherein the results of 
said immunoassay indicate the total amount of said free and 
complexed cardiac specific troponin isoform in said blood 

50 

55 

sample. 60 
2. The method of claim 1, wherein the assay comprises a 

Sandwich immunoassay. 
3. The method of claim 1 wherein the performing step 

comprises providing: 
a conjugate antibody which binds to a cardiac specific 65 

isoform of troponin where the conjugate antibody is 
conjugated to a signal development element; or, 

32 
provides a solid phase antibody which binds to a cardiac 

specific isoform of troponin. 
4. The method of claim 1 wherein the performing step 

comprises providing: 
a conjugate antibody which binds to a cardiac specific 

isoform of troponin where the conjugate antibody is 
conjugated to a signal development element; and, 

a solid phase antibody which binds to a cardiac specific 
isoform of troponin. 

5. The method of claim 1 wherein the performing step 
comprises providing an antibody which binds: 
complexes comprising the cardiac specific isoform of 

troponin I oxidized; 
complexes comprising the cardiac specific isoform of 

troponin I reduced, or, 
complexes comprising the cardiac specific isoform of 

troponin I oxidized, and complexes comprising the 
cardiac specific isoform of troponin I reduced. 

6. An immunoassay method for determining the presence 
or amount of complexes of a cardiac specific isoform of 
troponin in a blood sample, said method comprising per 
forming step a) or b), and steps c) through e) as follows: 

a) providing an antibody conjugate comprising an anti 
body which specifically binds to the cardiac specific 
isoform of troponin in a complex comprising said 
isoform and another isoform of troponin, and a means 
for generating a signal; or, 

b) providing an antibody conjugate comprising an anti 
body which specifically binds to the cardiac specific 
isoform of troponin in a binary complex comprising 
said isoform and another isoform of troponin, and a 
means for generating a signal; and, providing an anti 
body conjugate comprising an antibody which specifi 
cally binds to a cardiac specific isoform of troponin I or 
T. or troponin C in a ternary complex of three isoforms 
of troponin, and a means for generating a signal; and, 

c) contacting said sample with said antibody conjugate of 
step a), or with the antibody conjugates of step b). 

whereby the antibody conjugates bind to the troponin com 
plexes present in the sample; 

d) contacting the sample with a solid phase to which is 
bound at least one capture antibody which specifically 
binds said troponin complexes which are bound to 
antibody conjugate or bound to troponin complexes 
which is bound to antibody conjugate following bind 
ing to the capture antibody, 

whereby a detectable signal is present from the antibody 
conjugate upon binding to the solid phase of cardiac specific 
troponin complexes which are or become bound to antibody 
conjugate; and, 

e) relating the detectable signal to the total amount of the 
cardiac specific isoform of troponin in said sample. 

7. An immunoassay method for determining the presence 
or amount of complexes comprising two or more isoforms of 
troponin, of any cardiac specific isoform of troponin in a 
blood sample, said method comprising performing step a) or 
b), and steps c) through f) as follows: 

a) providing an antibody conjugate comprising an anti 
body which specifically binds to troponin complexes 
comprising two or more troponin isoforms, and a 
means for generating a signal; or, 

b) providing an antibody conjugate comprising an anti 
body which specifically binds to troponin in binary 
complexes comprising two troponin isoforms, and a 
means for generating a signal; or, providing an anti 
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body conjugate comprising an antibody which specifi 
cally binds to ternary complexes comprising three 
troponin isoforms, and a means for generating a signal; 
and, 

c) contacting said sample with said antibody conjugate of 
step a), or with the antibody conjugate(s) of step b), 

whereby the antibody conjugates bind to troponin com 
plexes present in the sample; 

d) contacting the sample with a solid phase to which is 
bound at least one capture antibody which specifically 
binds a cardiac specific isoform of troponin in com 
plexes which are bound to antibody conjugate, or, 

with a solid phase to which is bound at least one capture 
antibody which specifically binds to a cardiac specific 
isoform of troponin which is bound to antibody con 
jugate after binding to capture antibody, 

whereby a detectable signal is present from the antibody 
conjugate upon binding to the solid phase of the cardiac 
specific troponin isoform which is or becomes bound to 
antibody conjugate; and, 

e) relating the detectable signal to the presence or amount 
of the cardiac specific isoform of troponin in said 
Sample. 

8. An assay for determining the presence or amount of all 
free cardiac specific troponin isoforms and complexed iso 
forms of cardiac troponin in a blood sample. said complexes 
comprising isoforms selected from the group consisting of 
troponin I, troponin C and troponin T. comprising the steps 
of: performing an immunoassay with antibody specific to 
cardiac troponin which binds a complex comprising two or 
more of said isoforms of troponin in said sample, wherein 
the results of said immunoassay indicate the total amount of 
said free and complexed cardiac specific troponin isoforms 
in said blood sample. 

9. An assay for determining the presence or amount of 
complexed isoforms of cardiac troponin in a blood sample, 
said complexes comprising isoforms selected from the group 
consisting of troponin I, troponin C and troponin T. com 
prising the steps of: performing an immunoassay with 
antibody specific to cardiac troponin which binds a complex 
comprising two or more of said isoforms of troponin in said 
sample wherein the results of said immunoassay indicate the 
total amount of said complexed cardiac specific isoforms in 
said blood sample. 

10. The assay of claim 8 or 9, wherein said immunoassay 
provides a quantitative measurement for each of said iso 
form. 

11. The assay of claim 1 wherein said free and complexed 
cardiac specific isoform is troponin I. 

12. The assay of claim 1 wherein said free and complexed 
cardiac specific isoform is troponin T. 
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13. The assay of claim 1 wherein said assay provides a 

method for diagnosing a myocardial infarction, and said 
method includes correlating the results of said immunoassay 
with the existence of complexed troponin in said sample. 

14. The assay of claim 1.8 or 9. wherein said antibody 
comprises a plurality of monoclonal antibodies. 

15. An assay for determining the presence or amount of a 
free and complexed cardiac specific isoform of troponin in 
a blood sample, said complex comprising isoforms selected 
from the group consisting of troponin I, troponin C and 
troponin T. comprising the steps of performing an immu 
noassay with antibody specific to cardiac troponin which 
binds said isoform and a complex comprising two or more 
of said isoform and another of said isoform of troponin in 
said sample, wherein the results of said immunoassay indi 
cate the total amount of said free and complexed cardiac 
specific troponin isoform in said blood sample. 

16. An assay for determining the presence or amount of a 
free and complexed cardiac specific isoform of troponin in 
a blood sample. said complex comprising isoforms selected 
from the group consisting of troponin I, troponin C and 
troponin T. comprising the steps of performing an immu 
noassay with antibody specific to cardiac troponin I and/or 
T which binds a complex comprising two or more of said 
isoform and another of said isoform of troponin in said 
sample, wherein the results of said immunoassay indicate 
the total amount of said free and complexed cardiac specific 
troponin isoform in said blood sample. 

17. An assay for determining the presence or amount of a 
free and complexed cardiac specific troponin I in a blood 
sample, said complex comprising isoforms selected from the 
group consisting of troponin L. troponin C and troponin T. 
comprising the steps of performing an immunoassay with 
antibody specific to cardiac troponin I which binds a com 
plex comprising two or more isoforms, one of which is 
troponin I and another of said isoform of troponin in said 
sample, wherein the results of said immunoassay indicate 
the total amount of said free and complexed cardiac specific 
troponin I isoform in said blood sample. 

18. An assay for determining the presence or amount of a 
free and complexed cardiac specific troponin T in a blood 
sample, said complex comprising isoforms selected from the 
group consisting of troponin I, troponin C and troponin T. 
comprising the steps of performing an immunoassay with 
antibody specific to cardiac troponin T which binds a 
complex comprising two or more isoforms, one of which is 
troponin T and another of said isoform of troponin in said 
sample, wherein the results of said immunoassay indicate 
the total amount of said free and complexed cardiac specific 
troponin T isoform in said blood sample. 
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