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Rapid Time-Resolved Immunofluorometric Assay for the
Measurement of Creatine Kinase in Serum and Whole Blood
Samples
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A rapid and simple immunochemical method was developed for the assessment of the creatine kinase
(MM) isoenzyme [CK(MM)], a protein marker linked with animal welfare and meat quality. The one-
step time-resolved immunofluorometric assay produced quantitative results from serum or whole blood
samples in 20 min. The analytical limit of detection (mean + 2s) for the immunoassay was 17 ng/mL
(n= 6), and the functional limit of detection for the analysis of porcine whole blood samples was 426
ng/mL (n = 24). The working range of the method was linear up to 50 ug/mL, and the within-assay
precision varied between 2.1 and 10.9%. The analysis of porcine serum samples showed that the
results from the immunoassay method and colorimetric CK enzyme activity determination were highly
correlated (2 = 0.965, n= 17, p < 0.001). The practicability of the assay was demonstrated by the
analysis of 300 porcine whole blood samples in a slaughterhouse environment.
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INTRODUCTION The methods have proven to be useful, but the samples have
Animal welfare is a major issue in modern meat produc- always needed some pretreatment which has slowed the_test
tion, and the developments in housing and management pIraC_throughput. In addition, the measurement range hgs been limited,
tice of farm animals under intensive systems have to be bal- 21d the methods have had limitations common with many other
anced by concern for animal well-being. Transport and slaughter €nZymatic assays, such as nonspecificity with respect to isoen-
of farm animals are particularly important areas from a wel- ZYMes, f_allure to detect inactive forms, a_md possible interference
fare point of view. In addition to ethical issues, welfare prob- PY inhibitors. The current paper describes a new tool for the
lems also cause economic losses through bruising, stress-induce@nalysis of CK(MM) that overcomes these problems by measur-

meat quality problems, and even death during transport andN9 the mass concentrati_on instead of the catalytic :_;lctivity of
lairage (). the enzyme. The method is based on the use of europium chelate

Some physiological responses can be used to assess th&Pels and time-resolved fluorometry (TRF), and the technology

amount of effort animals must make to cope with the associated @/lows the development of immunoassays that offer very high
stresses. Physical activity and muscle damage change the?®nsitivity and a wide dynamic range (for a review, sed 6f
permeability of mammalian muscle tissue, and increase the We have used TRF in the direct analysis of porcine serum sam-

levels of certain tissue-specific enzymes, such as creatine kinaseP!€S With the dissociation-enhanced lanthanide fluoroimmuno-
in the blood P). These enzymes can be used in animal aSS&Y (DELFIA) 17). Hov_vever, the application for whole blood_
production as markers of physical stress conditions that are Samples has been restricted due to the fact that the lanthanides

directly linked with animal welfare and final meat quality. 1" these kinds of tracers may dissociate from their chelates [n
Creatine kinase (CK, EC 2.7.3.2) catalyzes the reversible the presence of other chelating compounds (e.g., EDTA). This
reaction where creatine phosphate and ADP are converted to?aS been solved in the current study by using intrinsically
ATP and creatine 3). Cytoplasmic isoenzymes of creatine fluorescent and stable lanthanide chelat @s labels. The
kinase are dimers composed of M and B subunits. CK(MM) is result!ng.5|mple one-step immunofluorometric assay produ.ces
found in skeletal muscle and CK(BB) largely in brain, while duantitative results from whole blood samples in 20 min with
the hybrid dimer, CK(MB), is located almost exclusively in & good sensitivity, reproducibility, and measurement range.

heart. Blood CK measurements have frequently been used for

the evaluation of stress or stress susceptibility in p#s9) MATERIALS AND METHODS

and cattle {0—-12). ReagentsThe fluorescent Eu chelate of [22',2"'-({ 4-[(4-isothio-
Analytical methods used in the past studies have been basedyanatophenyl)ethynyllpyridine-2,6-dpdis(methylenenitrilo))tetrakis-

on the measurement of the catalytic activity of CK3¢15) (acetato)] europium(lll), biotin isothiocyanate (BITC), and streptavidin-
' coated microtitration plates were obtained from Innotrac Diagnostics
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CA). Bovine serum albumin (BSA) was supplied by Intergen (Purchase,
NY). The assay buffer used throughout consisted of 50 mM Tris-HCI H
buffer (pH 7.75) containing 0.9% NacCl, 0.05% Nal.5% BSA, 0.01% 300000 -
Tween 40, 0.05% boving-globulin, 20uM diethylenetriaminepen-
taacetic acid (for binding possible free lanthanide ions), andgZL
Cherry Red (for making the pipetting easier). The wash solution
consisted of 5 mM Tris-HCI buffer (pH 7.75) containing 0.9% NaCl
and 0.05% Tween 20.

Samples.Porcine blood samples were taken at a commercial abattoir
on one day during bleeding. Whole blood samples=300) were
collected in EDTA tubes. Additional samples £ 17) were taken in
empty tubes, and the blood was allowed to clot fer2th and serum
isolated by centrifugation. All samples were stored-20 °C.

Purification of the Porcine Creatine Kinase MM Isoenzyme
[PCK(MM)]. A sample of porcindongissimus dorsmuscle (46-50
g) was rinsed with saline, trimmed to remove fat and connective tissue, HPATRA SRR A SR,
and processed at°€ as described by Grace and Robet)(In brief, 20 25 30 3f5r agjio:Snusrabe 60 €5 70
the tissue was homogenized and precipitated twice with ethanol and
recovered in 50 mM Tris-HCI buffer (pH 8.0) with 5 mM 2-mercap-  Figure 1. Elution profile of porcine skeletal CK(MM) on a DEAE-Sepharose
toethanol. A sample of the extract (205 mL) was applied to a DEAE- Fast Flow column based on immunoreactivity measurement.
Sepharose Fast Flow column (1.5 cm30 cm, 45 mL, packed in the

lab) (Amersham Pharmacia Biotech, Uppsala, Sweden) equilibrated with Mc_sasureme_nt of CK Enzymatic Activity. The'creatme kl_nasg
50 mM Tris-HCI buffer (pH 8.0) with 5 mM 2-mercaptoethanol at 4 activity of porcine serum samples was analyzed with enzymatic Sigma

°C. The column was eluted with a linear sodium chloride gradient (from ﬁ:gcne]glrj]Lialét\l/;rg,s(isr"gtrp&t%22”05“(35' St. Louis, MO) according to
0 to 500 mM) in the same buffer at a flow rate of 1 mL/min and moni- :

tored by UV absorbance at 254 nm. Fractions (1 mL) were collected

and tested with an immunofluorometric assay. Immunoreactive fractions RESULTS AND DISCUSSION

from the two emerging peaks were pooled separately, and the protein 14 our knowledge, no antibodies have been developed against
concentration was measured by the Bradford method (Bio-Rad Pmte'nporcine CK(MM) up to date. However, the level of primary

Assay Kit, Bio-Rad Laboratories, Hercules, CA). The protein purity : . g
was assessed by polyacrylamide gel electrophoresis{$ASE) by amino acid sequence homology of human and mammalian

using a PhastGel-825 gradient gel run and stained with the silver CK_(MM) IS >90%’_SO th? prob_ablllty of flndlng_ common
staining kit in a PhastSystem (Amersham Pharmacia Biotech). epitopes from them is relatively high. We tested this hypothesis

Labeling of the CK(MM) Antibody. The labeling of the polyclonal in the preliminary work by evaluating the binding properties of
antibody was performed with a 100-fold molar excess of label reagent & number of commercially available anti-human CK(MM)
in 50 mM borate buffer (pH 8.5) at 2C in an overnight incubation. ~ antibodies in a TR-IFMA system by using crude preparations
The labeled antibody was separated from the excess free label on aof porcine and bovine CK(MM) or serum samples as antigens.
Superdex 200 HR 10/30 gel filtration column (Amersham Pharmacia Almost all the monoclonal antibodies bound only the human
Biotech), equilibrated, and run with 50 mM Tris-HCI (pH 7.75)  antigen, but the polyclonal antibody and one monoclonal
containing 0.15 M NaCl and 15 mM NaNThe column was operated  gntihody also recognized porcine and bovine CK(MM), which
at room temperature with a flow rate of 15 mL/h. Bovine serum albumin ', 05 that some epitopes are conserved between the species.
was added to a final concentration of 0.1%, and the solution was filtered These two antibodies were used for the development of the
through a 0.22«m pore-size filter (Millipore Corp.) before being stored . . -
at 4°C. immunometric assay described here.

Biotinylation of the CK(MM) Antibody. Biotinylation of the The rat'(?s of dlffe!'ent CK Isoforms are SI.'gh“Y Va_rlable
monoclonal CK(MM) antibody was performed in 50 mM sodium between different animal species, but especially in pigs, the
carbonate buffer (pH 9.8) containing a 100-fold molar excess of BITC CK(MM) isoenzyme comprises close to 100% of the total CK
dissolved in dimethylformamide. This mixture was incubated for 4 h found in the skeletal muscleg,(20). The elution pattern of
at room temperature. The biotinylated antibody was separated from pCK(MM) in anion exchange chromatography is shown in
the excess reagent by passing the mixture through NAP-5 and NAP- Figure 1.

10 columns (both from Amersham Pharmacia Biotech) with 50 mM  The fractions from the first peak had intense immunoreac-
Tris-HCI (pH 7.75) containing 0.15 M NaCl and 15 mM Nab the = ity and electrophoresis of the pooled fractions on an SDS
eluent. BSA was added as a stabilizer to the purified conjugates at apolyacrylamide gel showed a single protein band with mobility

concentration of 0.1%. : .
One-Step Time-Resolved Immunofiuorometric Assay (TR- identical to that of the hCK(MM) standard. The second peak

IFMA) for CK(MM). The microtitration well plates were prepared in prob_ably contam_ed denatured_ forms of CK(MM). The poole_d
advance by adding 3@L (200 ng) of the biotinylated monoclonal fractions from t_hls peak con_ta_lned a larger amount of protein;
antibody in assay buffer to streptavidin-coated microtitration wells. The however, the immunoreactivity was low, and SBISAGE
plates were incubated for 30 min at room temperature and washed fourrevealed the presence of multiple bands. The purified pCK was
times with wash solution. The plates were stored &Ebefore being used in the method validation for recovery estimation, but the
used. The assay was started by adding hCK(MM) standards and por-assay was calibrated using hCK standards because the immu-
cine whole blood or serum samplesy(b, prediluted 1:10 with assay ~ noreactivity of the pCK preparation was less stable and pure
buffer) and the Eu-labeled tracer antibody (26) into the wells. hCK was readily available from commercial sources. The assay
The wells were incubated for 15 min at 3C in an IEMS incubator/ — agn4n56 was, however, greater for the native hCK(MM) antigen.
shaker (Labsystems Oy, Helsinki, Finland) and washed four times. A The reactivity of pCK(MM) was less than 10% when compared

fl h t soluti 0) taining 50 mM .
g:;(iriizt_:ﬁgche(gHagginwle?S :/IO ;;%%,5295 )&]&0;;5: mlgM Nargl with that of the hCK(MM) standard, and the results of the assays

5% glycerol, and 20% 1-propanol, was added to the wells, and they &€ therefore expressed here as human CK(MM) equivalents
were shaken for 3 min before the signal was measured with a DELFIA [heCK(MM)].

1234 time-resolved fluorometer (PerkinElmer Life Sciences, Turku,  The reagents and incubation conditions of the assay were
Finland). optimized essentially to bring the bioaffinity reaction quickly

200000
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1000000 - Table 1. Accuracy of the TR-IFMA Method (n = 4)
° 0 A sample pCK(MM) added, ng/mL [heCK(MM)] % recovery
- o 4 1 5960 88.2
7 P 2 14810 92.0
€ 100000 3 29620 95.4
a ] * - 20 4 49750 89.9
KA ..-"' L
g Ed Q Table 2. Precision of the TR-IFMA Method
g 100004 o 10 = . .
° ] - S mean CK(MM), ng/mL interassay cv% intra-assay cv%
S 1e 5 © sample [heCK(MM)] (n=12) (n=8)
. oo | 1 990 131 109
P e Y S P : J 09 21
1 10 100
heCK(MM) (ug/mi)
Figure 2. Standard curve (@) and precision profile (O) of the CK(MM) 15000 ~
TR-IFMA method. Concentrations were measured against a human antigen 1
standard, and the results are expressed as human CK equivalents ,
[heCK(MM)]. Regression data: log(y) = log(x) x 0.946 + 4.074, > = ]
0.995, n = 4, and p < 0.001. The results of the hook-effect study outside < 10000 4 *
the method working range are shown with empty triangles. 3 : .
>
close to the equilibrium. The assay kinetics were tested with % .
pCK(MM) (15.0 ug/mL) and hCK(MM) (20.0ug/mL) stand- Q I *
ards and porcine whole blood sample containing endogenous O 50004 o
CK(MM) (11.5 ug/mL). After 10 min of reaction time, the assay o
response for these samples was already-99518% compared ]! L ST
with the results obtained after incubation for 30 min. The final ]
incubation time was set to 15 min to ensure good assay repro- o*Y——v¥———
ducibility. The standard curve of the CK(MM) assay is shown 0 5 10 15
in Figure 2. The analytical limit of detection was evaluated by TR-FIA [ug/ml heCK(MM)]
repeated analysis of the zero calibratar= 6) and gave a _ ) - . ]
concentration of 17 ng/mL (meah 2s). The functional limit Figure 3. Mass concentration vs enzyme activity of CK(MM) in porcine

of detection was determined in a similar manner by analyzing Serum samples (n = 17). Immunoassay resuis expressed as human CK
porcine whole blood samples giving very low responses in the equivalents heCK(MM)]. Linear regression data: y = 942.7x + 11.7, 12
assay il = 24) and equaled 426 ng/mL. The value is, how- = 0.965, and p < 0.001. The dotted line demonstrates the upper limit of
ever, most likely an overestimation because the normal basicthe activity method after which the samples need to be diluted further.
CK level is higher in pigs than, for example, in humans or dogs ) ) ) N
(21) and true zero-level samples cannot be obtained. The nation by analyzing porcine serum samples. As shov¥igare
quantitation limit in porcine whole blood samples was set to 3. the results from the two methods were highly correlatéd (
470 ng/mL (meant+ 3s), and the recovery of this concentration = 0.965,p < 0.001).
of pCK(MM) added to samples with no measurable CK(MM) It is evident that the practical working range of the immu-
was 98% with a variation coefficient of 10% & 15). noassay is superior to that of the activity method. The dotted

The assay working range was linear up to/&@/mL, and line in Figure 3 demonstrates the upper limit of the colorimetric
the precision varied between 0.6 and 3.0%. The effect of very method, after which the samples have to be reanalyzed by using
high concentrations (125.8 and 30&@/mL) was also studied  a higher dilution factor. Another major advantage of the current
because the response of immunometric one-step assays may staftR-IFMA method is the fact that it is not disturbed by the
to decrease at high analyte levels. This high-dose hook effectpresence of red blood cells or strongly chelating polycarboxylic
happens when the binding capacity of the capture antibody is acids, such as EDTA which is commonly used as an antico-
exceeded and part of the analyte and labeled antibody is washeggulant. The use of unprocessed whole blood samples makes
away. The tested concentrations are unlikely to occur in real the total method very simple and enables fast sample throughput.
samples, but the results plotted kigure 2 show that the Analyte concentrations are of course lower in whole blood
decrease in signal is so small that the clinical implications would samples than in serum or plasma samples due to the volume
remain unaffected. The accuracy of the method was deter-taken by red blood cells. The difference can be eliminated almost
mined by fortifying whole blood samples with different levels completely if the results from whole blood samples are corrected
of pCK(MM). The results inTable 1 show that the sample by the corresponding hematocrit values, but normal individual
dilution provided sufficient recovery of the analyte with an variations in the volume of the red blood cells, however, seem
average of 91.4%. Assay repeatability was determined by theto have a fairly insignificant effect on the resul®?). This effect
repeated analysis of three porcine blood samples containingwas not investigated in the current study, but it is worth
different levels of CK(MM) Table 2), and the within-assay = mentioning that CK(MM) levels in bovine serum and whole
precision varied between 2.1 and 10.9%. blood samples were very highly correlatad £ 0.976,n =

The immunochemical analysis of the CK(MM) mass con- 20, p < 0.001,y = 0.60X + 0.092) when analyzed by the
centration was compared against CK enzyme activity determi- current TR-IFMA method (unpublished results).
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