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(57) ABSTRACT 

Assay systems and specialized antibodies for the detection 
and quantitation of troponin I and troponin T in body ?uids as 
an indicator of myocardial infarction. Since troponin I and T 
exist in various conformations in the blood, the ratios of the 
monomeric troponin I an T and the binary and ternary com 
plexes, as Well as Which form of troponin present in the blood, 
may be related to the metabolic state of the heart. Disclosed is 
a system to determine the presence of a troponin form or a 
group of troponin forms in a sample of Whole blood, serum or 
plasma. 

Disclosed is a stabilized composition of troponin; the stabi 
lized composition can comprise a stabilized composition of 
troponin I, Wherein the troponin I is oxidized, the troponin I 
can be unbound or the troponin I can be in a complex. 

Disclosed is a method for improving the recovery of troponin 
I or T from a surface used in immunoassays. 

Also disclosed are antibodies Which recognize, unbound 
troponin forms, the forms of troponin in binary complexes, 
the ternary complex of troponin I, T and C, and the confor 
mations of troponin I having intramolecularly oxidized and 
reduced cysteines. 
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NOVEL METHODS FOR THE ASSAY OF 
TROPONIN I AND T AND COMPLEXES OF 
TROPONIN I AND T AND SELECTION OF 

ANTIBODIES FOR USE IN IMMUNOASSAYS 

CROSS-REFERENCE TO RELATED PATENT 
APPLICATIONS 

[0001] This application is a Continuation of US. applica 
tion Ser. No. 10/850,954, ?led May 21, 2004, Which is a 
Continuation of application Ser. No. 09/687,051, ?led Oct. 
12, 2000, Which is a continuation-in-part of US. application 
Ser. No. 08/633,248, ?led Apr. 18, 1996, Which is a Continu 
ation in part of US. application Ser. No. 08/423,582, ?led 
Apr. 18, 1995, from each of Which priority is claimed, and 
each of Which is fully incorporated by reference herein. 

TECHNICAL FIELD 

[0002] This invention relates to the assay of troponin I and 
troponin T and complexes of these proteins, and more spe 
ci?cally to the changes in conformation of these proteins in 
blood, serum and plasma and to the selection of antibodies to 
the various forms of these proteins and their use in immu 
noassays. In another aspect of the invention, compositions are 
taught for the stabiliZation and recovery of troponin I and T 
and their complexes in immunoassays. 

BACKGROUND ART 

[0003] Myocardial infarction is one of the leading causes of 
death in the United States. Approximately 5 million individu 
als experiencing chest pain are evaluated every year in hos 
pitals throughout the United States, hoWever, less than 30%, 
of these individuals are subsequently found to have had a 
myocardial infarction. The accurate and rapid diagnosis of 
myocardial infarction is important both for the patient suffer 
ing a myocardial infarction and for the health care system 
Which can minimiZe the costs incurred by rapidly identifying 
individuals Who do need treatment. 
[0004] The diagnosis of myocardial infarction is usually 
performed in the emergency department of a hospital. An 
individual haying the symptoms of myocardial infarction 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-diag 
nostic electrocardiogram. The physician is then faced With a 
problem of diagnosing and treating the patient suspected of 
having a myocardial infarction. Thus, diagnosis and treat 
ment is dif?cult for patients With a suspected myocardial 
infarction Who have non-diagnostic electrocardiograms. 
[0005] The World Health Organization (WHO) has insti 
tuted guidelines for diagnosing myocardial infarction Which 
state that an individual must exhibit tWo -of-the-three folloW 
ing criteria: 1) have chest pain or a history of cardiac disease; 
2) a diagnostic electrocardiogram; and, 3) elevated creatine 
kinase (CK) creatine kinase MB isoenZyme (CKMB). Thus, 
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. 
[0006] The assay of CK or CKMB is generally performed 
in hospital laboratories using sophisticated instrumentation. 
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The assays include enZyme assays and immunoassays Which 
detect the activity or mass of CK or CKMB present in blood 
samples. 
[0007] During a myocardial infarction, heart muscle cells 
die and release their contents to the blood stream. The CKMB 
is released among such cellular components. CKMB 
becomes elevated above an otherWise nominal value and can 
be diagnostic ?x myocardial infarction. The speci?city of 
CKMB liar diagnosing myocardial infarction is not 100% 
because another source of CKMB in the body is skeletal 
muscle. Since the mass of skeletal muscle in the body far 
exceeds the mass of cardiac muscle, through the normal cata 
bolic turnover of skeletal muscle cells, the blood concentra 
tion of CKMB in healthy individuals Will vary. In general, the 
concentration of CKMB Which may be indicative of myocar 
dial infarction is above 5-7 ng/ml (Circulation 87, 1542-1550 
(1993), Clin. Chem. 39, 1725-1728 (1993)). The CKMB con 
centration of individuals Who have skeletal muscle injury or 
Who have exercised has been reported to be elevated above 9 
ng/ml (Clin. Chem. 38, 2396-2400 (1992)). Therefore, the 
problem of speci?city When using CKMB as a marker for 
myocardial infarction has prompted the search for other more 
speci?c markers Which are released only from damaged heart 
muscle. 
[0008] Troponin I and troponin T have recently been shoWn 
to be more speci?c than CKMB for diagnosing myocardial 
infarction (Circulation 83, 902-912 (1991), Clin. Chem. 40, 
1291-1295 (1994). Although troponin T has some disadvan 
tages as a marker because it is elevated in patients experienc 
ing renal disease (Clin. Chem. 41, 312-317 (1995)), the 
inventive methods herein disclose the successful use of tropo 
nin 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)). 
[0009] The troponin complex in muscle is comprised of 
troponin I, C and T. These troponin components exist as 
various tissue speci?c 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 iso 
forms of troponin I and T alloW 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. 
[0010] 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 
(1 991)). 
[0011] 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)). Au 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 
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troponin T concentrations. In addition, troponin I is reported 
to be unstable in blood (Direction Insert for Troponin I immu 
noassay, Sano?/ERIA Diagnostics Pasteur, Marries 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. 
[0012] The teachings of the instant invention provide meth 
ods for the selection of antibodies and their use in immunoas 
says for troponin I and troponin T and complexes of these 
proteins. These proteins, along With troponin C, exist in 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 
?laments. 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 previously investigated. 

DISCLOSURE OF THE INVENTION 

[0013] Disclosed is an immunoassay system for determin 
ing the presence or amount of a troponin form or a group of 
troponin forms in a Whole blood, plasma or serum sample 
suspected of containing troponin from damaged heart 
muscle. The system comprises: a) formation of an antibody 
conjugate comprising an antibody coupled to a signal gener 
ating element, said antibody capable of speci?cally binding to 
cardiac speci?c regions of a form of troponin or a group of 
troponin forms; b) formation of a reaction mixture compris 
ing said Whole blood, plasma or serum sample incubated With 
said antibody conjugate; c) application of said reaction mix 
ture to a surface to Which is bound at least one capture anti 
body, capable of speci?cally binding to cardiac speci?c 
regions of a form of troponin or a group of troponin forms in 
said antibody conjugate, said capture antibody binding said 
antibody conjugate, Whereby the immobiliZed conjugate pro 
duces a detectable signal upon formation of sandWich com 
plexes; and, d) relation of detectable signal to the presence or 
amount of said troponin form or said group of troponin forms 
in said sample. 
[0014] Also disclosed are antibodies that are sensitive and 
antibodies that are insensitive to the form of troponin. An 
“antibody” refers to: a monoclonal antibody, a polyclonal 
antibody, a binding fragment of an antibody, a recombinant 
antibody, or a receptor protein that speci?cally binds to a 
target. As used herein, an insensitive antibody is an antibody 
that yields an assay response that is less than Within about a 
factor of 2 (i.e., 50% of the base value); and preferably yields 
an assay response that is Within about 20% for each form of 
troponin, measured relative to assay response for the use of 
that antibody in an assay for a troponin form or group of 
troponin forms (the base value). Thus an insensitive antibody 
is one that Will tend to hind more than one form of troponin. 
[0015] As used herein, it sensitive antibody in an immu 
noassay is one that yields an assay response that is greater by 
at least about a factor of 2 larger (i.e. 200% of the base value) 
and preferably a factor of 5 larger (i.e., 200% of the base 
value), for one or a group of forms of troponin (the base 
value), as compared to the assay response for other forms 
measured. Thus, a sensitive antibody is one that Will tend to 
bend only a single form of troponin. 
[0016] As used heroin the nine troponin forms are: l) the 
cardiac tertiary complex; 2) the cardiac troponin binary com 
plex of I(oxidiZed)/ T; 3) the cardiac troponin binary complex 
of I(reduced)/T; 4) the cardiac troponin binary complex of 
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I(oxidiZed)/ C; 5) the cardiac troponin binary complex of I(re 
duced)/C; 6) the cardiac troponin binary complex T/C; 7) 
unbound cardiac troponin (oxidiZed); 8) unbound cardiac 
troponin I (reduced); and, 9) unbound cardiac troponin T. 
[0017] Disclosed is a stabiliZed composition of troponin. 
The stabiliZed composition can comprise a stabiliZed compo 
sition of troponin I, Wherein the troponin I is oxidiZed, the 
troponin I can be unbound or the troponin I can be in a 
complex. The stabiliZed composition can comprise a stabi 
liZed composition of the ternary complex of troponin I, T and 
C. 
[0018] Disclosed is a method for improving the recovery of 
troponin I or T from a surface used in immunoassays, said 
method comprising: contacting With said surface at least one 
strongly basic peptide protein, or polymer With, a pI value 
greater than about 8; the method can further comprise a step 
of Washing unbound peptide, protein or polymer from said 
membrane. Melittin can be the strongly basic peptide used, 
protamine can be the strongly basic protein used. 

DESCRIPTION OF FIGURES 

[0019] FIG. 1a illustrates the kinetics of air oxidation of 
troponin I as measured by immunoassay, 
[0020] FIG. 1b illustrates the kinetics of oxidation by per 
oxide of troponin I as measured by immunoassay. 
[0021] FIG. 2 illustrates the kinetics of reduction by dithio 
threitol of troponin I and reoxidation of reduced troponin I by 
peroxide as measured by immunoassay. 
[0022] FIG. 3 illustrates the effect of troponin C stat the 
immunoassay of troponin I in the presence or absence of 
troponin T and binding inhibitors. 
[0023] FIG. 4 illustrates the kinetics of disruption of human 
cardiac troponin ternary complex in the presence or absence 
of binding inhibitors as measured by an immunoassay for 
troponin I. 
[0024] FIGS. Sa-Sf illustrate the effect of binding inhibitors 
on troponin I immunoassays from patient samples With con 
?rmed myocardial infarction. 

MODES FOR CARRYING OUT THE INVENTION 
DEFINITIONS 

[0025] As used herein, an “antibody” or “receptor protein” 
refers to a monoclonal antibody, a polyclonal antibody, a 
binding fragment of an antibody, a recombinant antibody, or 
a receptor protein that speci?cally binds to a target. 
[0026] Speci?c binding of a substance signi?es the quality 
of that substance that the substance Will tend not bind to 
something to Which it does not speci?cally bind; conversely, 
the substance Will have greater a?inity for something it spe 
ci?cally binds that for a something it does not speci?cally 
bind. 
[0027] As used herein, an insensitive antibody in an immu 
noassay is an antibody that for each form of troponin of 
interest yields an assay response value that is the same Within 
about a factor of 2, and preferably the same Within about 20%, 
as the assay response values for the other forms of interest. 
Thus, an insensitive antibody is one that Will exhibit a detec 
tion of more than one form of troponin in an immunoassay. 
[0028] As used herein, a sensitive antibody in an immu 
noassay is one that for one form or group of forms of troponin 
yields an assay response value that is at least about a factor of 
2 larger, and preferably, about a factor of 5 larger, than the 
assay response values for other forms. Thus, a sensitive anti 
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body is one that Will exhibit a preferential detection of one 
form or group of forms of troponin in an immunoassay. 

[0029] As used herein the nine troponin forms are: 1) the 
cardiac ternary complex; 2) the cardiac troponin binary com 
plex of I(oxidiZed)/ T; 3) the cardiac troponin binary complex 
of I(reduced)/T; 4) the cardiac troponin binary complex of 
I(oxidiZed)/ C; 5) the cardiac troponin binary complex of I(re 
duced)/C; 6) the cardiac troponin binary complex T/C; 7) 
unbound cardiac troponin I (oxidized); 8) unbound cardiac 
troponin I (reduced); and, 9) unbound cardiac troponin T. 
[0030] As used herein, a “Zone” is a concept that correlates 
With the ability to identify distinct sensible signals. A Zone, 
therefore, can correspond to a geographic region or corre 
spond to the ability to separately identify distinct sensible 
signals. The sensible signals canbe distinct by, but not limited 
to, variations betWeen the folloWing characteristics: Wave 
length of ?uorescence or optical absorbance or re?ectance; 
life time of or transition energy betWeen, electronic states; 
oxidation-reduction potentials; colorimetric characteristics; 
or, signal type (e. g., ?uorescence vs. radioactivity vs. optical 
absorbance). 
[0031] As used herein, unbound troponin is troponin that is 
not in a complex. A troponin complex can be binary or ter 
nary. 

[0032] As usedherein, a “label”, “signal generator” or “sig 
nal generating element” is an entity that can embody a num 
ber of different forms: Enzymes and their resultant effects on 
a substrate, colloidal metal particles, latex and silica particles 
With dye incorporated, and dye particles are examples of 
signal generators. An enZyme can react on a substrate to 
produce a product that is sensible, for example, by Wave 
length of ?uorescence (e.g., ultraviolet, visible, infrared), or 
sensible by affect on pH. 

[0033] Modes: 
[0034] This invention is directed to the assay of troponin I 
and troponin T and complexes of these proteins in body ?uids, 
particularly, in human blood, serum and plasma. The pres 
ence of cardiac trope in 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 T exist in 
various conformations in the blood Which may be the same or 
different than their native conformations in muscle tissue. 
These various conformations of the troponin molecules can 
react differently With antibodies. 
[0035] 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 puri?ed complexes of the troponins, 
the concentrations of troponin I and T and their complexes 
can noW be elucidated in blood samples from patients suffer 
ing from myocardial infarction. 
[0036] The embodiments of this invention relate to the con 
formations of troponin I and T and their complexes in blood, 
serum and plasma, and to antibodies Which recogniZe those 
conformations. Speci?cally, antibodies Which recogniZe 
troponin I and T in the folloWing forms are preferred: 1) The 
conformations of troponinI 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 the heretofore unmet 
need for the assays of troponin I and T in blood. 
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[0037] The focus on troponin I and T for use as markers for 
myocardial infarction has been based in part on their molecu 
lar siZe: because the proteins are relatively small, it is believed 
that they leak out of damaged cells faster than the larger 
proteins. 
[0038] Antibodies to Troponin Complexes and to Troponin 
I and T 

[0039] The term “antibodies or receptor proteins” as used 
herein refer to monoclonal and polyclonal antibodies, bind 
ing fragments of antibodies, and receptor proteins that spe 
ci?cally bend to a target. 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. The terms sensitive and 
insensitive herein refer generally to the ability of an antibody 
to recogniZe particular forms of free troponin or troponin 
complexes. In particular, a sensitive antibody Which is useful 
in an immunoassay distinguishes one form or forms of tropo 
nin from another form and an insensitive antibody Which is 
useful in an immunoassay does not distinguish one form or 
forms oftroponin from another. The sensitivity or insensitiv 
ity of an antibody is exhibited in an immunoassay. To deter 
mine Whether an antibody is sensitive or insensitive, the anti 
body is tested With each troponin form independently to yield 
the assay response of the antibody for each troponin form. In 
general, a preferred antibody that is insensitive to the troponin 
form Will yield an assay response that is the same, Within 
about a factor of tWo and preferably Within 20%, for each 
form of troponin. A preferred antibody that is sensitive to the 
troponin form Will yield an assay response that is at least a 
factor of tWo, and preferably a factor of ?ve, larger for one 
form or group of forms as compared With the other form(s). In 
addition, the terms “troponin I and T” can refer to the free, 
uncomplexed troponins or to the troponins in the binary or 
ternary complexes. Human cardiac troponin I contains tWo 
cysteines, at positions and 97 (FEBS Letters, 270, 57-61 
(1990)). In the current art, during the puri?cation 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 puri?cation, the current art also teaches to 
maintain troponin I in the reduced form to prevent intermo 
lecular disul?de formation (J . Biol. Chem. 258, 2951-2954 

(1 983)). 
[0040] In the development of immunoassays for a target 
protein, the puri?ed target protein acts as a standard With 
Which to judge the sensitivity and speci?city of the immu 
noassay using the antibodies that have been selected. As 
disclosed herein, the cysteines 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 pro 
cess. The teachings described herein shoW that an apparent 
instability in the troponin I molecule is related to the dynam 
ics of the intramolecular oxidation or reduction of the tropo 
nin I molecule. In addition, the selection of antibodies is 
taught for the accurate quantitation of troponin I in blood. 
[0041] Puri?ed, reduced troponin I undergoes an intramo 
lecular 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 ?rming mixed disul?des 
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of the protein and the reducing thiol reagent. The mixed 
disul?de 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. 
[0042] Using puri?ed preparations 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 reduced troponin I Was hardly 
detectable in immunoassays, Whereas With other pairs, the 
oxidation state had no effect on the immunoassay process. 
These results shoWed that selection of antibodies to the tropo 
nin 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 
exempli?ed by immunoassays of troponin I from patients 
suffering myocardial infarction. The degree of oxidation of 
troponin I in patient samples is variable and suggests a pos 
sible basis for apparent instabilities of troponin I assays of the 
current art. The free troponin I does change its oxidation state 
from the reduced to the oxidiZed form over time (see Example 
4). 
[0043] In the case When an immunoassay comprising an 
insensitive antibody is to be utiliZed to bind to the free and 
complexed troponin, a preferred antibody is one that is insen 
sitive With respect to the oxidiZed, reduced and complex tones 
because the circulating troponin in the blood can change its 
oxidation state and the degree of binding to other troponin 
components over time. For example, if reduced, troponin I is 
released from the heart, it can transform to the oxidiZed form 
during circulation in the blood and until the time troponin is 
measured. In addition, the free troponin I and T in the blood 
can bind to each other and to troponin C to form binary and 
ternary complexes. The outcome of these transformations to 
the oxidiZed form of troponin I or to complexes of troponin is 
that When an antibody is chosen for an immunoassay that is 
sensitive With respect to the oxidiZed and reduced forms and 
complexed forms, the assay Will shoW an apparent increase or 
decrease in the troponin concentration over time depending 
on Which form (free, oxidiZed or reduced or complexed) the 
antibody better recognizes, rather than an actual change in 
troponin concentration. In another example, the release of 
troponin complexes from damaged heart muscle can result in 
the formation of free (uncomplexed) and binary forms of 
troponin I and T during circulation in the blood or until the 
troponin is assayed. The variability of assay results of tropo 
nin concentrations using immunoassays comprising a sensi 
tive antibody or antibodies can mislead a physician into 
believing that a patient’s condition is improving or deterio 
rating. 
[0044] to the case When an immunoassay comprising more 
than one sensitive as is used to measure the free and com 
plexed troponin, each sensitive antibody is intended to be 
reacted With one form or group of forms of troponin such that 
the antibody exhibits a maximum assay response for the 
intended form(s) and a minimum assay response, for all other 
forms. Preferred antibodies tire ones for Which the assay 
responses for the intended forms are about the same, prefer 
ably Within 20%, for all the sensitive antibodies and said 
minimum assay responses are at least a factor of 2 and pref 
erably is factor of 5 less than the maximum assay responses. 
For example, if tWo different antibodies are used for signal 
antibodies in an immunoassay, and one antibody is insensi 
tive With respect to the oxidiZed and reduced free troponin I 

Jul. 1,2010 

(or the free troponin T) and exhibits a maximum assay 
response for said free forms of troponin and a minimum assay 
response for the complexed troponin, then the other antibody 
should exhibit as maximum assay response for the complexed 
troponin and a minimum assay response for the free troponin 
I and T forms. In this Wad, an accurate measure of total 
troponin can be determined. One skilled in the art Will also 
recogniZe that antibodies With different a?inities that is, 
exhibit different assay responses, for the troponin forms can 
also be utiliZed in immunoassays When each troponin form is 
measured alone or in discrete Zones and that the relative bias 
of the immunoassays can be accounted for in the calibration 
of the assay. Also, sensitive and insensitive antibodies can be 
attached to solid phases to measure each troponin form in 
discrete Zones. 

[0045] In another preferred embodiment, antibodies or 
binding fragments that are directed to the epitopes of the 
troponin I or T are insensitive With respect to free troponin I 
or T and troponin complexes. The teachings herein shoW that 
antibodies that are sensitive With respect to tree troponin I or 
T and troponin complexes provide methods for the estimation 
of the extent of binding of troponin I or T in complexes. Using 
puri?ed preparations of troponin I, T and C, and the puri?ed 
troponin complexes, the effects of troponin I or T binding in 
complexes on the recognition of troponin by antibody pairs is 
taught and is related to the dynamic state of troponin I or T in 
blood. 

[0046] The degree of binding of troponin I and T to the 
components 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 a?inity 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 tropo 
ninI (Biochemistry 33, 8464-8471 (1994), Proc. Natl. Acad. 
Sci. USA 90, 9036-9040 (1993)). 
[0047] The release of troponin components, that is, tropo 
nin 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 
signi?cant amount of troponin and contractile apparatus com 
ponents in the blood. Since skeletal muscle mass is much 
greater than cardiac muscle mass, the troponin components 
present in the blood of a normal individual may be derived 
largely from skeletal muscle. The circulating troponin com 
ponents Which are mainly derived from skeletal muscle 
Would bind to cardiac troponin I and 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 components (bound and free) in the 
blood from individuals experiencing a myocardial infarction 
may be differentially derived from both cardiac and skeletal 
muscle. 
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[0048] The form of troponin released from the heart, 
Whether free or as binary or ternary complexes, into the blood 
may indicate a particular condition or the heart. The assays 
taught herein provide for the analysis of release patterns 
Which may alloW the physician to diagnose a speci?c heart 
failure, for example, unstable angina as compared to myocar 
dial infarction or to determine the time that an infarction 
occurred. 

[0049] The clinical impact of an immunoassay measuring 
only the free troponin I or T from a patient experiencing a 
myocardial infarction can be very signi?cant. Since the bind 
ing of troponin I and T to troponin components in the blood 
Will be variable, depending on the troponin component con 
centrations, and on the time that has elapsed since the release 
of the troponin components from muscle an analysis of the 
bound and free form of the troponin I and T in the blood must 
be considered. For example, the binding a?inity of troponin I 
to troponin C, in the presence of calcium (Which also is 
present in blood) is 1.27><108 M'l (Biochemistry 33, 12729 
12734 (1994)). This implies that if the troponin C concentra 
tion is 100 ng/ml and the total (bound and free) troponin I 
concentration is 8 ng/ml, then the free concentration of tropo 
nin 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 ?rst result is negative. In this example, the 
patient, having a total troponin I concentration of 8 ng/ml in 
the ?rst sample, (Which is de?ned as positive for a myocardial 
infarction), but only a measured concentration of 4.6 ng/ml, 
(Which Would be de?ned as a negative result), Would not be 
treated and Would continue to accrue damaged heart muscle 
during the time before a second sample Was analyZed. Inter 
pretation of results of troponin T assays Would also suffer 
from troponin T binding to components of the contractile 
apparatus in blood. Thus, immunoassays of the current art 
that 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 
some cases, the rise or fall of the troponin I or T concentration 
in a patients blood over time as determined by analyZing 
blood samples draWn at several different times might be used 
to diagnose the dynamic condition of the heart, for example, 
to determine Whether the damaged heart is improving With 
therapy or continuing to deteriorate. In these cases, the time 
course of the free troponin I or T concentration could be 
different than that of the total troponin (bound and free) 
concentration. One skilled in the art Will realiZe that increas 
ing concentrations of all the troponin components in the 
blood Will result in an increasing fraction of bound troponin I 
and T relative to free troponin. The concentration of total 
troponin (bound and free) may rise taster than the concentra 
tion of free troponin I and T. An assay that measures the total 
troponin concentration (bound and free troponin I and T) 
Would be more accurate in assessing progression of heart 
damage as compared With an assay that measures only tree 
troponin I or T. 

[0050] In a particularly preferred embodiment, antibodies 
or binding fragments are directed to the cardiac troponin 
complex. Speci?cally, antibodies are directed to cardiac spe 
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ci?c epitopes troponin I and T of the troponin complex or of 
the troponin I/T, I/C and T/ C interfaces in the complex. The 
teachings herein shoW that antibodies that are raked to tropo 
nin I and T can bind 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. 
[0051] The equilibrium among the binary and ternary com 
plexes of troponin and free troponin I and T Will be altered 
during the immunoassay process because of the binding of 
antibodies to the troponin components and complexes. The 
change in the mole fractions of the various species during the 
immunoassay may be signi?cant or insigni?cant and Will be 
a function of the antibody concentrations, the a?inity of the 
antibodies for the troponin components and complexes, the 
association constants for the troponin components and com 
plexes and the time that the antibodies are alloWed to bind to 
the troponin. These variables can change the perceived con 
centration of troponin I and T and lead to erroneous conclu 
sions about the troponin concentration. For example, if tWo 
immunoassays utiliZe different antibody pairs for performing 
a sandWich immunoassay and their antibody concentrations 
and a?inities for troponin I or T are different, and if a propor 
tion 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 concentrations troponin C, then the propor 
tion of troponin I and T that is bound to troponin C as a binary 
complex Will differentially perturb each immunoassay. 
[0052] The teachings of the instant invention demonstrate 
that the troponin ternary complex is more stable to dissocia 
tion than the binary complexes of troponin. 
[0053] In another preferred embodiment, antibodies or 
binding fragments are directed to epitopes Which are not 
changed by proteolytic degradation of the N-terminal region 
of troponin I. The conformation of troponin I is also reported 
to be affected by phosphorylation/dephosphorylation (Bio 
phys. J. 63, 986-995 (1992), Biochem. 33, 12729-12734 
(1994)). In another preferred embodiment, antibodies or 
binding fragments are directed to epitopes of either troponin 
I or troponin I complexes, Which are or are not changed by the 
phosphorylation state of troponin I. Troponin I can be phos 
phorylated 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 
component 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 individuals 
Who may be suffering a myocardial infarction. 
[0054] The generation and selection of antibodies that are 
preferentially either sensitive or insensitive to the binding, of 
troponin I or T in binary complexes are accomplished by ?rst 
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preparing binary troponin I/T, T/C and I/C complexes from 
puri?ed 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), Biochemistry 33, 12729-12734 (1994), Ann. Rev. 
Biophys. Biophys. Chem. 16, 535-559 (1987)). The com 
plexes may be stabilized, if necessary, by chemically cross 
linking the proteins in the complex using methods familiar to 
those skilled in the art. The generation and selection of anti 
bodies that are sensitive or insensitive to the binding of tropo 
nin I or T in the ternary complex can be accomplished several 
Ways. For example, one Way is to purify the ternary complex 
(Methods Enzymol, 85, 241 -263 (1983)) orto reconstitute the 
complex using the puri?ed troponin components. One skilled 
in the art Will recognize that various other contractile appa 
ratus proteins Which may be associated With the binary or 
ternary complexes of troponins can also be constructed from 
the puri?ed components and that the resultant complex can be 
utilized to generate and select antibodies as taught by the 
instant invention. The complex can be stabilized With respect 
to dissociation by chemically crosslinking the components. 
The puri?ed complexes are then injected, for example, into 
mice or rabbits, to generate polyclonal or monoclonal anti 
bodies. Another Way is to purify free (unbound) troponin I or 
T and then inject the puri?ed free troponin I or T, for example, 
into mice or rabbits, to generate polyclonal or monoclonal 
antibodies. One skilled in the art Will recognize that many 
procedures are available for the production of antibodies, for 
example, as described inAnlibodies, Laboratory 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 or Fab fragments 
Which mimic antibodies can also be prepared from genetic 
information by various procedures (Antibody Engineering: A 
Practical Approach (Borrebaeck, C., ed.), 1995, Oxford Uni 
versity Press, Oxford; J. Immunol. 149, 3914-3920 (1992)). 
In particular, the preparation, screening and selection of 
recombinant binding fragments is described in Examples 22 
and 23. 

[0055] The antibodies Which are generated are selected by 
?rst screening for a?inity and speci?city With the puri?ed 
binary or ternary complexes and comparing the results to the 
a?inity and speci?city of the antibodies With the puri?ed 
troponin I and T molecules for the desired properties Which 
are de?ned by the immunoassay process. 
[0056] The screening procedure can involve immobiliza 
tion of the puri?ed troponin I or T or binary or ternary com 
plexes or peptides to cardiac speci?c sequences of the 
troponins in separate Wells of microtiter plates. The solution 
containing a potential antibody or groups of antibodies is then 
placed into the respective microtiter Wells and incubated for 
about 30 min to 2 h. If an antibody to the protein of interest is 
present in the solution, it Will bind to the immobilized tropo 
nin. In screening antibodies forbinding to interfaces of binary 
or ternary complexes of troponin, an antibody is ?rst selected 
Which binds to the binary or ternary complex immobilized in 
the microliter 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 speci?c troponin com 
ponent in the complex in the presence of binding inhibitors 
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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 pres 
ence of binding inhibitors. If this condition is also then an 
interface antibody has been selected for a binary complex. An 
extra immunoassay must be performed for selecting an inter 
face 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 anti 
bodies) 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 a?inity and speci?city to the cardiac speci?c 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 a?inity and 
speci?city for the various troponin antigens, but these 
approaches do not change the scope of the invention. 
[0057] Assays for Troponin Complexes and Uncomplexed 
Troponin I and T 
[0058] A particularly preferred embodiment of this inven 
tion is directed to the assay of troponin I and troponin T, 
particularly immunoassays, Wherein the antibodies selected 
for the assay bind to cardiac speci?c 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 speci?c 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 speci?c sequence of troponin I 
and methods used to prepare antibodies to the peptide are 
described in an International Patent Application number 
PC/US94/05468. 

[0059] The immunoassay can be formulated With a cocktail 
of antibodies to bind all the troponin complexes and the free 
troponin I and T. Alternatively, the immunoassay can be for 
mulated With speci?c 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 formu 
lated With antibodies that bind epitopes at interfaces of the 
component proteins in the complexes and antibodies that bind 
the unbound troponin I and T. 
[0060] A preferred immunoassay for troponin I or T 
involves conjugation of an antibody or a cocktail of antibod 
ies to a label or a signal generator to form an antibody con 
jugate(s), Which are capable of binding to cardiac speci?c 
regions the troponin complexes of troponin I or T and to 
unbound troponin I or T. One skilled in the art Will recognize 
that a signal generator has many forms. Enzymes, colloidal 
metal particles, latex and silica particles With dye incorpo 
rated, and dye particles are examples of signal generators. 
Antibodies can be conjugated to the signal generators in a 
variety of Ways using heterobifunctional reagents as taught in 
the Pierce Catalog and Handbook, Pierce Chemical Co., 
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Rockford, Ill. and in Uniform Latex Particles by Leigh B. 
Bangs, Seragen Diagnostics Inc., Indianapolis, Ind. hereby 
incorporated by reference. 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 Us. Pat. Nos. 4,727,019 and 5,458,852. The immobilized 
antibody is complementary to the antibody conjugate. The 
immobilized antibody and conjugate antibodies form sand 
Wich complexes With the troponin I or T complexes and also 
form sandWich complexes With troponin I or T, respectively. 
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 
that is alloWed to incubate. The reaction mixture is then 
applied to the aforementioned device. The sample ?oWs 
through the membrane and the troponin complexes and com 
ponents, bound to the antibody conjugates, bind to the immo 
bilized antibodies, and excess, unbound, antibody conjugate 
is Washed aWay With a Wash buffer. The signal is developed 
and read, either visually or instrumentally. 
[0061] 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 ternary 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 Which is alloWed to incubate. The 
reaction mixture is then applied to the aforementioned device. 
The sample ?oWs through the membrane and the troponin 
complexes and components, bound to the antibody conju 
gates, 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 conju 
gate binds to the troponin I in ternary complexes through the 
troponin T speci?c antibody and all free and binary troponin 
I molecules through the troponin I speci?c antibody. The 
capture antibody or antibodies on the solid phase bind anti 
body conjugates that are bound to free troponin I, and to 
troponin ternary complexes that contain troponin I. 
[0062] A particularly preferred immunoassay for troponin I 
(oxidized and educed) involves conjugation of at least tWo 
antibodies to as label or a signal generator to form an antibody 
conjugate. One of the conjugate antibodies is capable of bind 
ing to the oxidized troponin I and the other antibody is 
capable of binding to the reduced troponin I molecules. 
Another antibody or cocktail of antibodies is immobilized on 
a solid phase in up to 2 discrete zones, for example, a mem 
brane, and the membrane is placed in a device, as described 
previously. The immobilized antibody is complementary 
With the antibody conjugate antibodies to form sandWich 
complexes With either oxidized troponin I or reduced tropo 
nin I. A plasma or serum sample suspected of containing 
troponin components from damaged heart muscle is mixed 
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With the antibody conjugate to form a reaction mixture Which 
is alloWed to incubate. The reaction mixture is then applied to 
the aforementioned device. The sample ?oWs through, the 
membrane and the oxidized and reduced troponin I, 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 visu 
ally or instrumentally. In this assay procedure, the antibody 
conjugates bind to the oxidized troponin I through the oxi 
dized troponin I speci?c antibody and to the reduced troponin 
I through the reduced troponin I speci?c antibody. The cap 
ture antibody or antibodies on the solid phase only bind 
antibody conjugates that are bound to oxidized and reduced 
troponin I. This immunoassay may have application in the 
estimation of time after an infarction has occurred. 

[0063] 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 uncomplexed 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 tropo 
nin 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 tropo 
nin I antibody Which binds to only the uncomplexed troponin 
I is immobilized in yet another discrete zone. The immobi 
lized antibodies are complementary With the antibody conju 
gate antibodies to form sandWich complexes With complexed 
or uncomplexed troponin I, as de?ned 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 hind 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 as 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 complementary With the anti 
body conjugate antibodies to form sandWich complexes With 
complexed or uncomplexed troponin I, as de?ned by each 
discrete zone. A further embodiment of this invention utilizes 
antibodies on the solid phase for detection of troponin I com 
plexes Which bind to the interfaces of the binding domains of 
troponin UT 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 Which is alloWed to incubate. The reaction 
mixture is then applied to the aforementioned device. The 
sample ?oWs through the membrane and the troponin com 
plexes 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 speci?c 
antibody or antibodies. The capture antibody or antibodies in 
discrete zones on the solid phase bind the antibody conjugates 
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that are bound to the uncomplexed troponin I or troponin 
complexes containing troponin I as de?ned by each discrete 
zone. This immunoassay alloWs quanti?cation of the frac 
tions of troponin I, namely, the complexed and the uncom 
plexed fractions. The inventive teachings described herein 
shoW that uncomplexed and complexed troponin exists in 
plasma and serum samples from patients With con?rmed 
myocardial infarction. The determination of the complexed 
and uncomplexed troponin I 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. 

[0064] Another particularly preferred immunoassay mea 
sures the cardiac troponin ternary complex, the cardiac tropo 
nin binary complexes (troponin I/ T, T/ C and I/ C and, the free 
cardiac troponin I and T. This method involves conjugation of 
antibodies or a cocktail of antibodies to as label or a signal 

generator to form an antibody conjugate. The antibody con 
jugates-bind to either troponin T and I bound to troponin 
complexes or to the uncomplexed troponin T and I. Immobi 
lized on a solid phase, for example, a membrane in l discrete 
zone, 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 troponinI of the ternary complex, 
up to 3 different antibodies, each recognizing the interfaces of 
the binding domains of troponin I/T, T/C and I/ C, a troponin 
I antibody Which binds to the free troponin I and a troponin T 
antibody Which binds to the free troponin T are immobilized 
in a discrete zone. The immobilized antibodies are comple 
mentary With the antibody conjugate antibodies to form sand 
Wich complexes With complexed and uncomplexed troponin 
T and I. 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 reac 
tion mixture and it is alloWed to incubate. The reaction mix 
ture is then applied to the aforementioned device. The sample 
?oWs through the membrane and the troponin complexes and 
components, bound to the antibody conjugate(s), bind to the 
respective immobilized antibodies in the discrete zone 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 con 
jugates 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 the discrete zone 
on the solid phase hind the antibody conjugates Which are 
speci?c to the free troponin I and T and to the troponin 
complexes. This immunoassay alloWs quanti?cation of the 
ternary troponin complex, the troponin T/ C, I/ T, I/C and the 
free troponin I and T. One skilled in the art Will recognize that 
the antibodies speci?c to the various troponin forms can be 
conjugated to one or more signal generators to form antibody 
conjugates and the antibodies previously described for the 
conjugates can be attached to the solid phase in a discrete 
zone. The determination of the total troponin concentration 
may yield a more sensitive immunoassay for damage to the 
heart muscle that Will, in turn, alloW a more rapid diagnosis of 
unstable angina or myocardial infarction and therefore faster 
administration of thrombolytic therapy. 
[0065] 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 
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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 mol 
ecules. Another antibody or cocktail of antibodies is immo 
bilized on a solid phase, for example, a membrane, and the 
membrane is placed in as device, as described previously. The 
immobilized antibody is complementary With the antibody 
conjugate antibodies to form sandWich complexes With either 
troponin T bound to troponin complexes or to the uncom 
plexed troponin T. 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 ?oWs through the membrane and the troponin com 
plexes and components, bound to the antibody conjugates, 
bind to the immobilized antibodies and excess, unbound anti 
body 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 hinds to the 
troponin complexes through the troponin I speci?c antibody 
and all free and binary troponin T molecules through the 
troponin T speci?c antibody. The capture antibody or anti 
bodies on the solid phase bind antibody conjugates that are 
bound to free troponin T, and to troponin complexes contain 
ing troponin T. 
[0066] 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 com 
plexes of troponin T and the free troponin T, and the mem 
brane 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 I is immobilized in yet another 
discrete zone. The immobilized antibodies are complemen 
tary With the antibody conjugate antibodies to form sandWich 
complexes With complexed or uncomplexed troponin T, as 
de?ned by each discrete zone. Alternatively, immobilized on 
a solid phase, for example, a membrane, in 2 discrete zones, 
are antibodies or cocktails of antibodies Whichbind the tropo 
nin I complexes (binary and ternary) and the free troponin T. 
For example, a troponin I antibody, Which binds to the tropo 
nin I of the ternary complex and a troponin T antibody Which 
binds to the troponin T of the binary complexes are immobi 
lized in one discrete zone and a troponin T antibody Which 
binds to only the uncomplexed troponin I is immobilized in 
the second discrete zone. The immobilized antibodies are 
complementary With the antibody conjugate antibodies to 
form sandWich complexes With complexed uncomplexed 
troponin T, as de?ned 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 
interfaces of the binding domains of troponin C/ T and I/T. A 
plasma or serum sample suspected of containing troponin 
complexes or components from damaged heart muscle is 
mixed With the antibody conjugate to limn a reaction mixture 
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Which is allowed to incubate. The reaction mixture is then 
applied to the aforementioned device. The sample ?oWs 
through the membrane and the troponin complexes and com 
ponents, bound to the antibody conjugates, bind to the respec 
tive 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 conju 
gate binds to the troponin T and the troponin T binary and 
ternary complexes through the troponin T speci?c antibody or 
antibodies. The capture antibody or antibodies in discrete 
zones on the solid phase bind the antibody conjugates that are 
bound to the uncomplexed troponin T or troponin complexes 
containing troponin T as de?ned by each discrete zone. This 
immunoassay alloWs quanti?cation of the fractions of tropo 
nin T, 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 con?rmed myocardial infarction. 
The determination of the complexed and uncomplexed tropo 
nin 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. 
[0067] Another particularly preferred immunoassay inde 
pendently measures the cardiac troponin ternary complex, the 
cardiac troponinbinary complexes (troponin I/T, T/ C and I/C) 
and the free cardiac troponin I and T. This method-involves 
conjugation of antibodies or a cocktail of antibodies 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 T and 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 dif 
ferent antibodies, each recognizing the interfaces of the bind 
ing 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 T 
antibody Which binds to the free troponin T is immobilized in 
another zone. The immobilized antibodies are complemen 
tary With the antibody conjugate antibodies to form sandWich 
complexes With complexed and uncomplexed troponin T and 
I, as de?ned by each discrete zone. A plasma or serum sample 
suspected of containing troponin complexes or components 
from damaged heart muscle is mixed With the antibody con 
jugate to form a reaction mixture and it is alloWed to incubate. 
The reaction mixture is then applied to the aforementioned 
device. The sample ?oWs 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 aWash buffer. The signal is developed and 
read, either visually or instrumentally. In this assay proce 
dure, 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 conju 
gates Which are speci?c to the free troponin I and T and to the 
troponin complexes. This immunoassay alloWs quanti?cation 
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of the ternary troponin complex, the troponin T/ C, I/ T, 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 con?rmed 
myocardial infarction. The determinations of the individual 
troponin ternary complex, the troponin I and T binary com 
plexes 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 myo 
cardial infarction or to the success of thrombolytic therapy. 

[0068] Another particularly preferred immunoassay inde 
pendently measures the cardiac troponin ternary complex, the 
cardiac troponin binary complexes (troponin I/T, T/C, I/C, 
oxidized UT and oxidized I/C) and the free cardiac troponin I 
(oxidized and reduced) and T. This method involves conju 
gation of antibodies or a cocktail of antibodies 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 I and T. Immobi 
lized on a solid phase, for example, a membrane, in up to 9 
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, 5 dif 
ferent antibodies, each recognizing the interfaces of the bind 
ing domains of troponin I/T, T/C, I/C, oxidized UT and oxi 
dized I/ C are immobilized in up to 5 discrete zones, a troponin 
I antibody Which hinds to the free troponin I (oxidized and 
reduced) is immobilized in up to 2 zones and a troponin T 
antibody Which binds to the free troponin T is immobilized in 
another zone. The immobilized antibodies are complemen 
tary With the antibody conjugate antibodies to form sandWich 
complexes With complexed and uncomplexed troponin T and 
I, as de?ned by each discrete zone. A plasma or serum sample 
suspected of containing troponin complexes or components 
from damaged heart muscle is mixed With the antibody con 
jugate to form a reaction mixture and it is alloWed to incubate. 
The reaction mixture is then applied to the aforementioned 
device. The sample ?oWs 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 proce 
dure, the antibody conjugates hind 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 conju 
gates Which are speci?c to the free troponin I and T and to the 
troponin complexes. This immunoassay alloWs quanti?cation 
of the ternary troponin complex, the troponin T/C, I/T, I/C, 
oxidized UT and oxidized I/C and the free troponin I (oxi 
dized and reduced) and T. The inventive teachings described 
herein shoW that uncomplexed and complexed troponin exists 
in plasma and serum samples from patients With con?rmed 
myocardial infarction. The determinations of the individual 
troponin ternary complex, the troponin I and T binary com 
plexes 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 myo 
cardial infarction or to the success of thrombolytic therapy. 
































