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[57] ABSTRACT 

An immunochemical process and compositions for de- 
termining rapidly and accurately the amount of creatine 
kinase.MB.isoenzyme (CK-MB) in biological fluids. 
The process employs a triple antibody technique which 
leads to the formation of an immuno-complex having a 

measurable label. This process and the resulting com- 
plex are useful in determining whether a patient has 
suffered a myocardial infarct. 

43 Claims, No Drawings 
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IMMUNOCHEMICAL ASSAY FOR CREATINE 
KINASE-MB ISOENZY-ME 

BACKGROUND OF THE INVENTION 
Creatine kinase (CK) occurs in animal body fluids 

and tissue in the form of three known isoenzymes, desig: 
hated CK-BB, CK-MM and CK-MB. Each of these 
three isoenzymes, namely CK-BB, CK-MM, and CK' 
MB, differs one from the other by virtue of containing 
a different combination of subunits designated M or B. 
CK-BB has two B subunits, CK-MM has 2 M subunits, 
and CK-MB has one M and one B subunit. Determining 
the mere presence of creatine kinase MB isoenzyme 
(CK-MB) in biological fluids, especially in a patient's 
serum, has become very useful in the diagnosis of myo- 
cardial .infarction. (Galen, RS., Human Path 6: No. 2, 
145-147, Apr. 1975). 

A difficulty encountered in immunological methods 
for determining CK-MB in biological fluids is interfer- 
ence from CK-MM and CK-BB. Antibodies raised 
against CK-MM, CK-BB, or CK-MB by virtue of an 
identical subunit will react immanologically with 
CK-MB and CK-MM, with CK-MB and CK-BB, or 
with all three isoenzymes• respectively. Most biological 
fluids suspected of containing CK-MB will often con- 
tain CK-MM in an appreciable amount and CK-BB and 
CK-MB in a much lesser amount. As a result a problem 
encountered in the prior art in measuring CK-MB has 
been interferences from CK-BB and CK-MM. 

Current methods including immunological ones for 
determining the presence of CK-MB and the disadvan- 
tages of such methods have recently been reported and 
reviewed (Curren Problems in Cardiology, Vol. lII, 
No. 12, March, 1979 p. 7-28). These methods have not 
been very satisfactory•in resolving the difficulty of in- 
terference of CK-MM and CK-BB in the determination 
of CK-MB. Among these reported methods are immu- 
nological ones such as the enzyme immunoassay proce- 
dure of U.S. Pat. No. 4,067,775 wherein antibodies are 
used to inhibit the enzymatic activity of interfering 
substances and enzyme immunoprecipitin methods such 
as the ones described in U.S. Pat. Nos. 4,012,285 and 
3,932,221 wherein CK isoanzymes are precipitated by 
antibodies. 

The methods described in U.S. Pat. Nos. 4,012,285 
and 3,932,221 employ single antibody complexes .to 
precipitate .differentially the various isoenzymes in an 
attempt to determine CK-MB indirectly. These meth- 
ods require a determination of total.CK activity before 
precipitation and the determination of residual CK 
tivity after precipitation, with the difference in activities 
being a measure of CK-MB. The activities are deter- 
mined by enzymatic assays. These methods are labori- 
ous and highly subjected to error by virtue of having to 
measure a difference between two quantities. 

SUMMARY OF THE INVENTION 

The present invention relates to a process and compo- 
sitions for selectively determining directly the amount 
of CK-MB in a biological fluid sample containing 
CK-MB in combination with CK-MM and CK-BB. 

The process comprises (a) incubating the sample with 
a first antibody raised in a first animal species, the first 
antibody capable of immunoreactively binding selec- 
tively one of the B or M subunits of the creatirie kinase 
in the sample;, with a second antibody raised in a second 
animal species, the second antibody capable of ira- 

munoreaetively binding selectively as an immuno- 
precipitin the first antibody; and with a third antibody 
raised in an animal species other than. the first animal 
spaeies and labeled with a measurable label, the third 

5 antibody capable of immunoreaetively binding selec- 
tively the other of said B or M subunits which the fwst 
antibody is capable of binding to provide as a precipi- 
tate a mixture of immanoeomplexes containing labeled 
third antibody-ereatine kinase-MB isoenzyme-first anti- 

10 body-second antibody and creatine kinase isoenzyme- 
first antibody-second antibody; Co) isolating the precipi- 
tate; and (e) measuring the amount of label in the pre- 
cipitate containing the immunocompl•xes. By compar- 
ing the amount of measured label to a standard curve, 

15 
one is able to determine the amount of CK-MB present 
in the biological fluid sample. 

The invention processes employ a triple antibody 
technique Wherein antibodies against CK-MM or 
CK-BB are effectively used to produce precipitable 
immunoeomplexes which can be used to directly mea- 

sure CK-MB. The invention processes provide for the 
use of a radioactive label for a radi0metric assay, a more 
seusitive and efficient measure of CK-MB than other 

25 
commonly employed detecting assay methods, The 
radiometrie assay of the invention allows the possibility 
of detecting heretofore undeteetable amounts of 
CK-MB and determining the amount of CK-MB in a 

more directly quantitative manner than achievable by 
30 

prior art assay methods. The process and immunocom- 
plexes are useful in the diagnosis of myocardial infarc- 
tion. 

DETAILED DESCRIPTION OFTHE 
INVENTION 

35 
The present invention rdates to a process for immu- 

noehemically determining the amount of CK-MB in 
biological fluid. For the invention processes, it is possi- 
ble to use biological fluids, e.g. whole blood, plasma, 

40 sera, lymph, bile, urine, spinal fluid, sputum, sweat and 
the like as well as stool excretions of humans or other 
animals. It is possible also to use fluid preparations of 
human or other animal tissue such as skeletal muscle, 
heart, kidney, lungs, brain, bone marrow, skin, and the 

45 .like. The preferred biological fluid for the inveniion 
processes, however, is human serum. The serum in most 
eases need not be diluted for the invention processes but 
may be diluted for better results if the amount of CK is 
unusually high as in the serum of a patient suffering 

50 from an acute myocardial infarct. The serum may be 
diluted with high protein solutions such as heated ani- 
mal sera as for example heated normal goat or human 
sera or bovine serum albumin solutions. 

Particularly the invention relates to a process for 
55 selectively determining directly the amount of CK-MB 

in a biological fluid sample containing CK-MB in corn- 
bination with CK-MM and CK-BB. The process com- 
prises (a) incubating the sample with a first antibody 
raised in a first animal species, the first antibody capable 

60 of immunoreaetively binding selectiveiy one of the B or 
M subunits of the creatine kinase in the sample; with a 
second antibody raised in a second animal species, the 
second antibody capable of immunoreactively binding 
selectively as an immunoprecipitin the first antibody; 

65 and with a third antibody raised in an animal species 
other than the first animal species and labeled with a 
measurable label, the third antibody capable of im- 
munoreaetively binding selectively the other Of said B 
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or M subunits which the first antibody.is capable of 
binding to provide as a precipitate a mixture of im- 
munocomplexes containing labeled third antibody-ere.a- 
tine kinase-MB isoenzyme-first antibody-second anti- 
body and creatine kinase isoenzyme-first antibody- 5 

second antibody; (b) isolating the precipitate; and (c) 
measuring the amount of label in the immunocom- 
plexes. When the amount of label measured in the im- 
munocomplexes is compared to a standard curve, the 

amount of CK-MB present in the biological sample is 10 

determined. 
The invention also relates to a 

composition for mea- 

suring the amount of CK-MB in biological fluid. The 
composition comprises a first antibody raised in a first 
animal species and capable of immunoreaetively bind- 15 

ing selectively one of the B or M subuuits of ereatine 
kinase in the.sample, a second antibody raised in a see- 

ond animal species and capable of immunoreactively 
binding selectively the first antibody, and a third anti- 
body raised in an animal species other than the first 20 

animal species, labeled with a measurable label and 
capable of immunoreaetively binding selectively the 
other of said B or M subunits. 

The invention also relates to a diagnostic test kit 

system for determining the amount of CK-MB in a 25 

biological fluid sample. The kit comprises as reagents 
which may be in packaged combination: (a) a container 
of a first antibody raised in a first animal species and 
capable of immunoreaetively binding selectively one of 
the B or M subunits of creatine kinase in the sample, (b) 30 

a container of second antibody raised in a second animal 
species and capable of immunoreactively binding selec- 
tively the first antibody, and (c) a container of a third 
antibody raised in an animal species other than the first 
animal species, labeled with a measurable label and 35 

capable of immunoreactively binding selectively the 
other of said B or M subunits which the first antibody is 
capable of binding. Each of the aforementioned anti- 
bodies in the kit may be in separate containers. A pre- 
ferred combination of the antibodies.in the kit is that the 40 

first antibody and the third antibody are together in a 

single container while the second antibody is in a sepa- 
rate container. 
When all the antibodies of the kit are incubated with 

the sample precipitable immunocomplexes are pro-45 
vided, the measurement of which determines the 
amount of CK-MB in the sample by comparison with a 

standard curve. The test kit would provide all the above 
antibodies as reagents and may provide also suitable 
standards thereto for establishing a standard curve. For 50 

example, as recognized in the arts, a suitable standard 
for the test kit may include reagents containing a series 
of kn6wn but different amounts of CK-MB. By measur- 
ing the series in a radiometric assay and plotting the 
measured radioactivity of the series against the known 55 

amount of CK-MB, a curve is obtained and can be used 

as a reference for determining the amount of CK-MB in 

an unknown sample. The test kit would be suitable for 
clinics, hospitals, laboratories, and individual physicians 
having a need to determine CK-MB in fluids. 60 

More particularly, the invention relates to processes 
by which a test sample such as a serum sample sus- 

pected of containing CK-MB is treated with a first 

antibody immunoreactive with the CK-MB. In one 

preferred aspect of the invention, the f•rst antibody is 65 

produced by immunizing rabbits, a first animal species, 
with a highly purified CK-BB and obtaining rabbit 
anti-(CK-BB), the first antibody, by conventional ira- 

4 
munological techniques. This particularly first antibody 
obtained in this manner is capable of.binding any B 

subunit of CK-MB and CK-BB.. The first antibody is 

mixed and incubated with the test sample for approxi- 
mately 5 minutes at room temperature and, thereby, 
binds immunologically any CK-MB and CK-BB of the 

sample to provide a CK-MB first antibody and CK- 

BB--firs antibody complexes. The amount of first anti- 

body used is an amount sufficient to bind all the CK-MB 
of the test sample, not withstanding that the first anti- 

body will also bind any CK-BB present in the sample. 
First antibody added in an 

amount in excess of that 

required to bind all the CK-MBand CK-BB in the 

sample is essential for the best determination of CK-MB 
in the test. samplb. The determination of the amount of 

the first antibody needed can be determined by well 

recognized procedures in this art. 

The test sample is then treated with a second anti- 
body immanoreactive as an 

immunoprecipitin with the 

first antibody. Th e second antibody is producefl :by 
immunizing goats, a second animal species, with rabbit 
gammaglobulin (IgG) and .obtaining goat anti-rabbit 
IgG, the second antibody, by conventional immunolog- 
ical techniques. The second antibody, obtained in this 

manner .is capable of binding any rabbit IgG, including 
therefore rabbit anti-(CK-BB). The second antibody .is 
mixed and incubated with the test sample for approxi- 
mately 5 minutes at room temperature, and-thereby 
binds immunologically the first antibody. This provides 
as a precipitate an 

immunoprecipitin containing CK- 

MB-ftrst antibody-second antibody and .CKrBB-first 
antibody-second antibodY. The amount of second anti- 
body used is an amount sufficient to bind all the first 

antibody. Second antibody added in an amount in ex- 

cess of. that required to bind all the first, antibody is 

essential for the best determination of CK-MB in the 

test sample. 
A solution of normal saline is then added to the test 

sample, the sample centrifuged, and the supernatant 
removed by decanting: This de.canting procedure sepa- 
rates from the immunoprecipitin any CK-MM which 
would otherwise interfere in the procedure. 

The immunoprecipitin is then treated with a solution 
of a third antibody immenoreactive at this point inthe 

process exclusivdy with any CK-MB of the immuno- 
precipitin. The third antibody may. bind isoenzymes 
other than CK-MB in the test fluid, but as to the im- 
munoprecipitin the third antibody is immunoreaetive 
only with CK-MB, even though the immunoprecipitin 
may contain isoenzymes other than CK-MB. The inven- 

tion has.the advantage that it can be carried out using a 

sample containing isoenzymes other than CK-MB im- 
munoreactive with the antibodies comprising the inven- 

tion. 
The.third antibody is produced .by immunizing sheep, 

an animal, species other than the first .animal species, 
with highly purified CK-MM and obtaining sheep anti- 
(CK-MM), the third antibody, by conventional immu- 
nological techniques. The third antibody is purified and 

then iodinated withIodine-125 to provide a third anti- 

body labeled .with a measurable labd. The .third. anti- 

body obtained in this manner is capable of binding any 
M subunit of CK-MB and CK-MM. The third antibody 
in solutionis added..to the immunoprecipitin in a known 
concentration. The third antibody is mixed and incu- 

bated with the immunoprecipitin for approximately 30 

minutes at room temperature, providing thereby as a 

precipitate a mixture of immunoeomplexes, containing 
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labeled third antibody-CK-MB-first antibody-second 
antibody and CK-BB-first antibody-second antibody. 
The resulting mixture is diluted with saline, centrifuged 
and decanted. The centrifugation and decanting isolates 
the precipitate containing the immunocomplexes from 
other interfering substances. The immunocomplexes 
may be collected and isolated by any art recognized 
procedure such as fdtration. The preferred procedure is 
centrifugation and decanting. The radioactivity associ- 
ated with the immunocomplexes in the precipitate is 
then determined in a gamma scintillation counter. The 
radioactivity observed will be essentially proportional 
to the amount of CK-MB in the test sample. 

An alternative process to the foregoing procedure is 
to mix each antibody successively with the test sample, 
separate the resulting radioactive precipitate containing 
the immunocomplexes and then determine the radioac- 
tivity associated with the complexes. 

In another preferred aspect of the invention, the first 
antibody is produced by immunizing rabbits with highly 
purified CK-MM and obtaining rabbit anti-(CK-MM), 
the first antibody, by conventional immunological tech- 
niques. The first antibody obtained in this manner is 
capable of binding any M subunit of CK-MB or CK- 
MM. The third antibody is produced by immunizing 
sheep with highly purified CK-BB and obtaining sheep 
anti-(CK-BB) which is purified and labeled with iodine- 
125, providing thereby a third antibody with a measur- 
able label. The third antibody obtained in this manner is 
capable of binding any B subunit of CK-MB or CK-BB. 
The second antibody is the same as described earlier. 
The first antibody and the third antibody are added to 
the test sample which is thereafter mixed and incubated 
for approximately hour at room temperature. The 
second antibody is then added to the test sample which 
is then mixed and incubated again for 15 minutes at 
room. temperature. Subsequently the test sample is di- 
luted with saline, centrifuged, and the supernatant de- 
canted. The radioactivity of.the precipitate containing 
the resulting radioactive immunocomplexes is deter- 
mined as described earlier. 
Theisoenzymes namely CK-MM and CK-BB, em- 

ployed as antigens to raise the first and third antibodies, 
can be obtained from any suitable biological fluid such 
as blood serum or biological organ or tissue such as 
cardiac muscle, skeletal muscle, bone marrow, or any 
other organ tissue known to have these isocnzymes, 
The preferred source of these isoenzyrnes is animal 
skeletal muscle and brain. 

Purification of the aforementioned isoenzymes 
tO a 

state of high purity before using them for raising anti- 
bodies is most advisable in order to diminish the pres- 
ence of non-specific antibodie s. The isoenzymes may be 
purified by any conventional purification procedure 
recognized in the art for such purposes. The preferred 
purification, procedure encompasses conventional art 
recognized procedures such as alcohol fraetionation 
and anion exchange chromatography. 

The degree of high purity of the isocnzymes used to 
raise the antibodies as well as the specificity of the re- suiting antibodies can be determined by currently ac- 
ceptable practices in the art such as by immunodiffnsion 
or electrophoretic techniques. The preferred method 
for purity of the isoenzymes is aerylamide gel electro- 
phoresis. : 

The purified CK-MM and CK-BB can be:employed 
•s antigens to raise the first antibody and third antibody 
in various animals, especially in vertebrates e.g. pigs, 

cattle, horses, sheep, goat, dogs, monkeys, rabbits, 
birds, guinea pigs, rats, etc. Among these animals, mam- 
mals such as the rabbit, sheep, and goat, are preferred. 

The second antibody or precipitating antiserum can 

5 be obtained by employing the first antibody as an anti- 
gen in the various aforementioned animal species. It is 
essential however that the first and second antibodies be 
raised in different animal species, inorder that the see- 
ond antibody be specific in the test sample for the first 

l0 antibody. The second antibody is directed against the 
gammaglobulin (IgG) of the animal species in which the 
first antibody was raised. 

As an alternate approach to the embodiment of this 
invention, the second antibody may be insohibilized by 

15 attaching the second antibody to an insoluble support 
material. Suitable support materials include water insol- 
uble organic polymeric substances such as cellulose or 
other polysaceharide• a vinyl addition polymer or con- 
densation polymer or a water soluble inorganic sub- 

2o stance of polymeric nature, such as glass or silicone 
resins. On the other hand the second antibody may be 
adsorbed to the surface of a solid support such as poly- 
styrene, polypropylene, polyfluorethylene or polyvi- 
nylidene fluoride: The method of attachment of the 

25 second antibody to the solid support is not critical and 
may include (1) covalently coupling the soluble second 
antibody to an insoluble polymerized form, such as by 
reaction with an insolubilizing agent; (3) physical en- 

trapment of particles of the second antibody in the pores 
30 of a gel polymer Such as a cross-linked polyacrylamide; 

or (4) by physical adsorption on an insoluble polymeric 
substance. Where a solid support is used the preferred 
embodiment is that the second antibody be attached by 
adsorption on activated polyvinylidene fluoride (Ky- 

35 nar) utilizing the general procedures well known in the 
art such as the procedure disclosed in U.S. Pat. No. 
3,843,443. 

The third antibody may be raised in any aforemen- 
tioned animal other than the species from which the 

40 first antibody is obtained. The preferred source of the 
f'trst antibody is rabbit, the second ant|2•ody is goat, and 
the third antibody is sheep. The raising of antibodies to 
the isoenzymes CK-MM and CK-BB is by any eonven- 
tional .methods known in this art. 

45 The third antibody may be labeled for assay purposes 
by any art recognized procedures employing any art 
recognized label such as enzymatic, ehemiluminescent, 
fluorescent or radioisotopic. The preferred label is ra- 
dioisotopic for a radiometrie assay procedure. Any 

50 suitable art recognized radioisotope may be employed 
as a label. The preferred radioisotope is iodine-125, 
which can be used to label the third antibody of this 
invention by any of the art recognized procedures. 

The radioactivity that is associated with the radioae- 
55 tire immunocomplexes of this invention as determined 

by a radiometric assay is proportional to the amount of 
CK-MB in the test sample when compared with an 
appropriate standard curve. As recognized in the art for 
example an appropriate standard curve may be obtained 

60 by radiometrie assay of samples obtained by serial dilu:. 
tionof a known concentration of CK-MB. The mea- 
sured radioactivity in each sample is plotted against the 
concentration of CK-MB in each sample to provide a 

curve. This curve serves as a reference for determining 
65 the concentration of CK-MB in an unknown sample. 

The following Examples further illustrate the inven- 
tion but are not meant to limit the invention in scope or 
spirit. 
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EXAMPLE I 

CK Isoenzyme Purification 

CK isoenzymes were purified according to the 
method of Elaine Carlson, Robert Roberts, and Burton 
E. Sobel. J. Molecular and Cellular Cardiology 8: 
159=167 (1976). 

EXAMPLE II 

Antibody production. 
Rabbits were immunized weekly with 0.5 mg of puri- 

fied CK-MM or mg CK-BB. The immunogen was 
emulsified in complete Freund's adjuvant and injected 
subcutaneously in the axillary.area at two sites. The 15 
rabbits were bled monthly. 

Goats or sheep were immunized with 2 mg O f purified 
CK-MM or CK-BB on a weekly basis. The immunogen 
was emulsified in complete Freund's adjuvant and ad- 
ministered subcutaneously in the axillary regions. The 

20 
goats or sheep Were bled every two weeks.. 

EXAMPLE III 

•ntibody Purification 
In'order to purify the antibody by affinity Chroma- 25 

tography, the CK-MM or CK-BB were coupled to 
CNBr-Activated Sepharose 4B gel. 

Materials for Coupling to Sepharose 4B were the 
following: 
1. CNBr-Activated Sepharose 4B (Pharmacia). 30 
2. Purified CK-BB or CK-MM, approximately 5 mg. 
3. 10 -3 M HCI. 
4. 0.1 M NaHCO3 buffer containing 0.5 N NaC1 
5. IM Ethanolamine in 0.1 M NaHCO3 buffer with 0.5 

M NaC1, pH 8.0. 35 
6. 0.1 M Acetate buffer containing M NaCl, pH 8.0. 
7. 0.1 M Borate buffer eontaining M NaCl, pH 8.0. 
8. 0.1 M PBS, pH 7.2 with 0.1% NAN3. 
9. Fisher Rotorack 
10. Sorval RC-3 refrigerated centrifuge 40 
11. Spectrophotometer 
12. Amicun ultrafiltration cells. 
13. Lowry protein determination reagents. 

Procedure for coupling to Sepharose 4B gel was as 
follows: 45 
1.0.5 g CNBr-activated Sepharose 4B gel was placed in 

200 ml 10 -3 M HC1 for 15 minutes. The gel was 
transferred to a scintered glass funnel and washed for 
about 15 minutes more with an additional 200 ml 
HCI. 50 

2. The purified isoenzyme (approximately 5 mg in 5 ml) 
was dialyzed against the NaHCO3 buffer at 4" C. for 
3 hours with several changes of the buffer. 

3. The swollen gel and the isoenzyme solution were 
placed in a test tube, capped and rotated slowly end- 55 
over-end overnight at 4 C. on the rotorack. 

4. Unbound material was washed away with three 20 ml 
washes of NaHCO3 buffer. Each wash cycle was 
centrifuged at 1200×g for5 minutes. The OD 280 nm 
of the supernatant fluid was determined. Washes 6O 
which had OD 280 nm greater than 0.5 were com- 
bined and retained for analysis. 

5. Ten ml of M Ethanolamine solution was placed in 
the test tube with the gel and rotated end-over-end 
for 3.5 hours at. 40 C. to react any remaining active 65 
group• 

6. Three wash cycles were used to remove non-cova- 
lently adsorbed protein. Each wash consisted of 20 ml 

4,353,982 
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acetate buffer, pH 4.0. Each wash was centrifuged at 
1200Xg for 5 minutes and the supernatant discarded. 
This was followed by one 20 ml wash with Borate 
buffer, pH 8.0. 

5 7. The gel was washed twice with 20 ml PBS and the 
resulting supernatants discarded. The coupled isoen- 
zyme-Sepharose 4B was stored in PBS at 4 C. 

8. Supernatants from step 2 were concentrated to origi- 
nal volume and protein concentration determined by 

10 Lowry in order to establish coupling efficiency. 

Materials for purification of the antiserum by affinity 
chromatography were as follows: 
1. CK-BB or CK-MM Sepharose 4B gel 
2. Anti-CK-BB or CK-MM serum 
3.Fisher Rotorack 
4. Sorvall Ro-3 refrigerated Centrifuge. 
5. 3.0 M Ammonium thiocyanate. 
6. Deionized water 
7. 0.05 M sodium phosphate buffer, pH 7.5 

Procedure for purification of the antiserum by at'fin- 
ity chromatography was as follows: 
1. 2-5 ml of antiserum was added to 0.5 g CK-BB or 

CK-MM-sepharose 4B in a test tube. The mixture was 
rotated end-over-end on the rotorack for hour at 

room temperature. 
2. The tube was centrifuged at 1200×g for 5 minutes. 

The supernatant was removed but retained as the 
"unreacted" protein for analysis. The sepharose 4B 
pellet residue remaining in the tube was washed with 
PBS until the OD 280 nm of the decanted supernatant 
was less than 0.05. 

3. To the tube containing the sephar0se was added 
ammonium thiocyanate to a f'mal concentration of 2.5 
M. The resulting mixture was rotated end-over-end 
for 15 minutes at room temperature. The tube was 

centrifuged at 1200×g for 5 minutes. The superna- 
tant was immediately withdrawn and dialyzed against 
deionized water at 4 C. for 1.5 hours. The affinity 
purified antibody was then extensively dialyzed (ap- 
proximately 48 hours) against phosphate buffer at 4 
C. to remove any remaining thiooyanate. 

4. After dialysis, the affinity purified antibody was con- 

centrated byultrafdtration to original volume. Pro- 
tein concentration was .determined by the Lowry 
method and antibody activity was determined by the 
ability to bind a fixed amount of purified CK-MM or 

CK-BB. 

EXAMPLE IV 

Materials for iodination of affinity purified antibody 
were as follows: 
1. Anti-(CK-BB) or anti-(CK-MND with protein con- 

centration approximately mg per ml. 
2. Na 12s (Amersham). 
3. Chloramine-T, 5 mg perml in 0.05 M sodium phos- 

phate, pH 7.5. 
4. Sodium metabisulfite, 10 mg per ml in 0.05 M sodium 

phosphate, pH 7.5 
5. 5% Bovine serum albumin (BSA) solution (w/v in 

deionized H20). 
6. 0.3 ml Reacti-Vial. 
7. × 30 cm column of Sephadex G-100 equilibrated in 

0.1 M Tris-HCl, pH 7.5 with 0.15 M NaCl and 0.02% 
NAN3. 
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Procedurefor iodination of purified antibody was as I. Add 500 •I •sample (CK:MB Standard 
or .clinical 

follows: . 
serum sample) to a test tube. 

i. The followingwere added in sequence to the Reacti- 2• Add .100 /d of antibody mix, consisting of rabbit 
Vial: 50 pg Antibody, 5/•1 12•I, and 5 p.l chloramine- anfi-(CK-MM) and 125I-shcep anti-(CK-BB) antisera 
T. The vial was vortexed for 60 seconds followed by 5 (200,000 CPM) and vortex tubes• 
the addition of .5/d sodium metabisulfite. The vial -3. Incubate hour at room temperaturel 
was vortexed an additional 30 seconds.. 4. Add 200 pl goa anti-rabbit IgG. 

2. !25/•I ofa 5% BSA were added and the vial vortexed 5, Vortex tCbes and.incubate 15 minutes at room tern- again. ./ perature. 
3. The reaction mixture .was applied io the sephadex 10.6. Add 4.0 ml normal saline solution. column. The column was eluted with Tris buffer,a• a 7. Centrifuge to obtain pellet. flowrate of approximately 20 ml.per hour. A total of 8. Decant superuatant 

30 1.5 ml fractions were collected: 20 pl aliquots of 9.Count pellet in gamma scintillation counter. each fraction were counted in a gamma scintillation . Table II represents values for a standard curve from 
counter. Fractions Constituting the first peak of the 15 a CK radiometri¢ assay idetecting CK-MB. The data chromatograph were pooled and stored at 4 c. 

was Obtained from reactions run according to the dis- 
,. EXAMPLE V : closures of Example V:and VI (B) and illustrate the 

usefulness .of the invention process for determining Preparation of CK-MB standards was as follows: CK-MB in a test sample.. 
1. CK-MB was purified from human heart tissue ac- 20 

cording to the procedure, of Carlson et al. Purified 
CK:MB was stored in 0.05 M Tris-HCl buffer: pH 
7.5, at 4" C. in concentrations exceeding 30 mg/ml. 

2, CK-MB standards were prepared-at the following 
.concentrations by diluting in normal goat serum: 14 25 
ng/ml, 28 ng/ml, 70 ng/ml, 140 ng/ml, 280 ng/ml 
and 700 ng/ml. The CK-MB standards can be lyophi- 
lized fo r long term storage. 

EXAMPLE VI 30 
RadiometriC Assay Procedure 

A, Procedure for using labeled Sheep anti•(CK-MM) 
.isas follows: 
1. Add.200/•l sample (CK-MB standard or clinical 

serum sample) to a test tube. 

TABLEII 

CK-MB CPM 
ng/ml Data 

i 0 .6912 
.28 11840 
70 18580 
140 26375 
280 38840 
700 58456 

We claim: 
1. A process for determining the amount of creatine 

kinase-MB isoenzyme in a biological fluid.sample con- 
mining creatine kinase having subunit B or M or both, 

35 the process comprising: 
(a) incubating the sample with 

22 Add 50 •1 of Rabbit anti-(CK-BB)serum. (i) a first antibody raised in a first animal species, 
3. Vortex tubes and incubate 5 minutes at room temper- the first antibody capable of immuno-reactively :ature.. 

- binding selectively one of the B or M subunits of 
4. Add 200 •1 of-goat anti-rabbit IgG. Mix tubes and 4O the ereatine kinase in the sample; 

incubate 5 minutes at room temperature. (ii) a second antibody raised in a second animal 
5. Add 5 ml normal saline solution.to test tube. • species, the second antibody capable of im- 
6 Centrifuge tubes and decant supernatant. munoreactively binding selectively as an im- 
7. Add 200/z11251-Sheep anti-(CK-MM) (approximately munoprecipitin with the first antibody; and 

100;000 CPM) to the Pellet. Incubate 30 minutes at .45. (iii) a third antibody raised in an animal species 
room temperature with shaking• .other than the first animal species and labeled 

8. Add 5..ml normal saline solution to test tubes. 
9. Centrifuge to obtain pellet. 
I0. Decant supernatant 

l, •Count pellet in gamma scintillation 
counter. 

Table I represents Values for a standard curve from a CK radiometric assay detecting CK-MB. The data was 
obtained from r•actions run according to the disclo- 
sures of Exumples V and VI (A) and illustrate the use- 
fuincss of the invention process for determining 
CK-MB in a test.sample. 

" TABLE I 
. 

CK-MB CPM 
ng/ml Data 

0 
28 
7O 

140 
280 
70O 

4740 
5281 
6239 
•05 

11592 
21412 

. with a 
measurable label, the third antibody capa- 

ble of immunoreactively binding selectively with 
the •other of said M or B subunits 

50 
to provide as a 

precipitate 
a mixture of immuno-com- 

plexes containing labeled •hird antibody-creatine 
ldnase-MB isoenzyme-first antibody-second anti- 
body and creatine kin.ase isoenzyme-first antibody- 
second antibody; 

(b) isolating the precipitate containing the im- 
munocomplexes; 

(c) measuring the amount Of label in the precipitate; 

(d) comparing theamount of measured label to a 
60 standard curve thereby determining the amount of 

creatine, kinase-MB isoenzyme in the biological 
fluid sample. 

2. A process, according to claim I wherein the third 
anti•y has a radioactive label. 

65 & A process according to claim 2 wherein the radio- 
active label is iodine-125. 

4.A process according to ctaim I wherein the biolog- 
ical fluid sample is bloodserum. 

B. P•ocedure for using labeled sheep anti-(CK-BB) is 
.ias follows: 
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5. A process according to claim 4 wherein the blood 

serum is derived from a patient suspected of a myocar- 
dial infarcL 

6. A process according to claim 1 wherein the first, 
second, and third antibodies are each obtained from 
different animal species. 

7. A process according to claim 6 wherein the first 
antibody is rabbit anti-(CK-MM), the second antibody 
is goat anti-rabbit IgG, and the third antibody is sheep 
anti-(CK-BB). 

8. A process according to claim 6 wherein the first 
anti-body is rabbit anti-(CK-BB), the second antibody is 
goat anti-rabbit IgG, and the third antibody is sheep 
anti-(CK-MM). 

9. A process according to claim 1 wherein the second 
antibody is attached to aninsoluble solid support mate- 
rial. 

10. A process for determining the amount of creatine 
kinase-MB isoenzyme in a biological fluid sample con- 

taining creatine kinase having subuuits B or M or both, 
the process comprising: 

(a) incubating the sample with 
(i) a first antibody raised in a first animal species, 

the first antibody capable of immunoreactively 
binding selectively the B subunit of the creatine 
kinase in the sample, and 

(ii) a second antibody raised in a second animal 
species, the second antibody capable of im- 
munoreactively binding selectively as an im- 
munoprecipitin with the first antibody 

to provide as an immunoprecipitin a mixture contain- 
ing creatine kinase-MB isoenzyme-first antibody- 
second antibody and creatine kinase-BB isoen- 
zyme-firs antibody-second antibody; 

Co) isolating the immunoprecipitins from the mixture, 
(c) incubating the isolated immunoprecipitins with a 

third antibody raised in an animal species other 
than the first animal species and labeled with a 
measurable label, the third antibody capable of 
immunoreactiveiy binding selectively with the M 
subunit of the creatine-kinase-MB isoenzyme to 
provide as a precipitate a mixture of immunocom- 
plexus containing labeled third antibody creatine 
kinase2MB isocnzyme-fi/'st antibody-second anti- 
body and creatine kinase-BB isoenzyme-fLrS• anti- 
body-second antibody; 

(d) isolating the. precipitate, containing the im- 
munocomplexes; 

(e) measuring the amount of label in the precipitate; 
and 

(f) Comparing the amount of measured label to a stan- 
dard curve thereby determining the amount of 
creatine kinase-MB isoenzyme in the biological 
fluid sample. 

11. A process according to claim 10 wherein the third 
antibody has a radioactive label. 

12. A process according to claim 11 wherein the 
radioactive label is iodine-125. 

13. A process according to claim 10 wherein the 
biological fluid sample is blood serum. 

14. A process according to claim 13 wherein the 
blood serum is derived from a patient suspected of a 

myocardial infarct. 
15. A process according to claim 10 wherein the first, 

second, and third antibodies are each obtained from 
different animal species. 

16. A process according to claim 15 wherein the first 
antibody is rabbit anti-(CK-BB), the second antibody is 

goat anti-r/•bbit IgG, and the third antibody is sheep 
anti-(CK-MM). 

17. A process according .to claim 10 wherein the 
second ant•cly is attached to in insoluble solid sup- 

5 port material. 
18. A process for determining the amountof creatine 

kinase-MB isoenzyme in a biological fluid sample con- 

raining creatine kinase having subunits B or M or both, 
the process comprising: 

10 (a) incubating the sample with 
(i)a first antibody raised in a first animal species, 

the first antibody capable of immunoreactively 
binding selectively with-the M subunit of the 
creatine kinase in the sample, and 

15 (ii) a third antibody raised in an animal species 
other than the first animal species and labeled 
with a measurable label, the third antibody capa- 
ble of immunoreactively binding selectively with 
the B subunit of the creatineldna.ge:in 1lie sample 

20 to provide a mixture of immunocomple'kes con- 

taining labeled third antibody-creatine' kinase- 
MB isoenzyme first antibody; labeled third anti- 
body-creatine kinase-BB isoenzyme; and•re- 
atine kinase-MM isoenzymeflrst antibody; 

25 Co) incubating the mixture with a .secon•d antibody 
raised in a second animal species, the ,second anti- 
body capable of immunoreactiv•ly binding selec- 
tively as an immunoprecipitin with the first anti- 
body to provide as a precipitate a mixture of im- 

30 munocomplexes containing labeled third antibody- 
creatine kinase-MB isoe•zymefirst antibody- 
second antibody and creatine ki•ase-MM isoen- 
zyme-firs antibody-second antibody; 

(c) isolating the precipitate containing immunocom- 
35 plexes; 

(d) measuring the amount of label in •eprecipitate; 
and 

(e) comparing the amount of men'red label to a 

standard curve thereby determining theamount of 

40 creatine kinase-MB isoenzyme in. the biological 
fluid sample. 

19. A process ac•0rding to claim 15 wherein the third 
antibody has a radioactive label. 

20. A process according to claim 19 wh•iein .the 
45 radioactive label is iodine-125. 

21. A process according to claim 15 Wherein the 
biological fluid sample is blood serum. 

22. A process according to claim .21 wherein the 
blood serum is derived from a patient suspected of a 

50 myocardial infarct. 
23. A process according to claim 15 Wbe•ein the first, 

second, and third antibodies arc each obtained from 
different •nimal species 

24. A process according to claim .23 wherein the first 

55 antibody is rabbit anti-(CK-MM), the secon d .amibody 
is goat antirabbit IgG, and the third antibody is sheep 
anti-(CK-BB). 

25. A proce•according to claim i8.•h•ein the 
second antibody is attached to an insoluble solid sup- 

60 port material. 
26. A composition for measuring the amount of cre- 

atine kinase-MB isoenzyme in biological fluid sample 
containing creatine; kinase having subunits B or M or 

both, the composition comprising a first antibody raised 
65 in a first animal species and capable of imfnii/i0reac- 

tively binding selectively one of the B or M s.ubunits of 
ereatine kinase inthe sample; a 

s•cond antibody, raised 
in a second animal species and capable of immunoreac- 
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tively binding selectively as an immunoprecipitin the 
first antibody, and a third antibody raised in an animal 
species other than the first animal species, labeled with 

a measurable label and capable of immunoreactively 
binding selectively the other of said M or B subunits: 5 

27. A composition according to claim 26 wherein the 
third antibody has a radioactive label. 

28. A composition according to claim 27 wherei n the 
radioactive label is iodine-125. 10 

29. A composition according to claim 26 wberein the. 
biological fluid sample is blood serum. 

30. A composition according to claim 26 wherein the 
first, second and third antibodies are-obtained from 
different animal species. 15 

31. A composition according to claim 30 wherein the 
first antibody is rabbit anti-(CK-BB), the second anti= 
body is goat anti-rabbit !gG, and the third antibody is 
sheep anti-(CK-MM). 

32. A composition according to claim 30 wherein the 
first antibody is rabbit anti-(CK,MM), the second a, nti- 
body is goat anti-rabbit IgG, and the third antibody is 
sheep anti-(CK-BB). 

33. A composition according to claim 26 wherein the 
second antibody is attached to an insoluble support 
material. 

34. A diagnostic test kit system for determining the 
amount of ereatine kinase-MB isoenzyme in an immuno- 
assay, the test kit system comprising in combination: 

(a) a container of a first antibody raised in a first: 
animal species and capable.of immunoreactively 
binding selectively one of the B or M subunits of 
ereatine kinase, 

(b) a container of a second antibody raised in a second 
animal species and i•apable of immun0reaetively 

binding selectively as an immtmoprecipitin the first 
antibody, and 

(e) a container of a third antibody raised in an animal 
species other than the first animal species, labeled 
with a measurable label and capable of im- 
munoreactively binding selectively the other of 
said M or B subunits bound by the fast antibody,. 

.all of said antibodies being immunorcaetiv e binders and 
present in relative mounts sufficient to provide an 

immunoeomplex containing creatine kinase-MB isoen- 

zyme selectively bound to all three of said antibodies. 
35. A test kit system according to claim 34 wberein 

the third antibody has a radioactive label. 
36. A test kit system according to claim 35 wherein 

the radioactive label is iodine-125. 
37. A test kit. system according to claim 34 wherein 

the biological fluid sample is blood Serum. 
38. A test kit system according to claim 34 wherein 

the first, second, and third antibodies are each obtained 
20 from different animal species. 

39. A test kit system according to eiaim 38 wherein 
the first antibody is rabbit anti-(CK-MM), the second 
antibody is goat anti-rabbit IgG, and the third antibody. 
is sheep anti-(CK-BB). 

25 40. A test kit-system according to claim 38 wherein 
the first antibody is rabbit anti-(CK-BB), the second 
antibody is goat anti-rabbit IgG, and the third antibody 
is sheep anti-(CK-MM). 

41. A test kit system according to claim 34 wherein 
.30 the second antibody is attached to an insoluble solid 

.support material. 
42. A test kit system aeeording to claim 34 wherein 

the first antibody and the third antibody are in the same 
container.. 

35 43. A test kit system according to claim 34 further 
comprising standards for establishing a standard curve. 

45 

55 

65 
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