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Summary 

CKn, a mitochondrial form of CK, can be isolated from human cardiac 
muscle. It occurs in two forms, separable on the basis of the difference in net 
charge. Both molecules have a dimeric structure and consist of two identical 
subunits. Upon incubation in a human serum, the CK isozyme with the faster 
cathodal mobility is rapidly converted into the slower form, which has an iso- 
electric point of 6.94. This makes it impossible to separate this slow CKILl form 
from CK MM (isoelectric point: 6.86) by means of any method that separates 
on a basis of differences in net charge. Furthermore the two molecules have an 
almost identical molecular weight. The only difference between the two mole- 
cules we have been able to detect is the different behaviour against anti-M anti- 
bodies. 

-- 

Introduction 

It was Jacobs [l] who discovered in 1964 the existence of a mitochondrial 
variant of the CK isozymes. Later on Sobel [2] suggested a dimeric structure 
for mitochondrial CK (=CK,), merely on the basis of the molecular weight. 
Scholte [3] discovered the in&membrane position of CK, and one year later, 
in 1974, Saks [4] made suggestions about its functional role. In the same 
publication he mentioned the existence of two mitochondrial CK forms. 
Recently, Hall [5] found that these two forms could be interconverted and 
showed this to be consistent with a reversible oxidation of sulphhydryl groups. 

Very little research has been done on human mitochondrial CK. This paper 
describes the isolation of small amounts of CK, from human heart muscle. 
Hybridization experiments were carried out to prove the dimeric structure of 
CK,. Furthermore it became clear why no one has been able to detect CK, in 
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human serum until now. The implications of a possible occurrence of CK, in 
human serum for the quantitative MB-determination are discussed. 

Materials and methods 

Extracts 
All extracts were made from human tissues obtained within 24 h post mor- 

tem. 

CK BB 
An extract containing CK BB was obtained by mincing and homogenizing 

the medulla of the cerebrum for 3 min in 1 : 5 (w/v) 0.01 mol/l Tris/HCl (pH 
7.4) with a glass-teflon Potter-Elvehjem homogenizer. The extract was freed 
from other CK forms possibly present, using anion exchange chromatography 
with DEAE-cellulose as discussed by Nealon [ 61. 

Isolation of mitochondria 
Mitochondria from human heart muscle were isolated by differential centri- 

fugation. Tissue was homogenized in 4 volumes of 0.01 mol/l Tris/HCl (pH 7.4) 
with a glass-teflon Potter-Elvehjem homogenizer. In this highly hypotonic me- 
dium, the CK, that is attached to the inner mitochondrial membrane, remains 
associated with the membrane pellet. Intermembrane markers such as adenylate 
kinase appear in the supernatant [7]. A brief and gentle homogenization pro- 
cedure turned out to be essential. The homogenate was centrifuged for 10 min 
at 1700 X g. The mitochondria were removed from the resulting supernatant at 
12 000 X g for 10 min. The mitochondrial pellet was washed in the Tris/HCl 
medium until the CK activity in the supernatant was negligible. Marker 
enzymes for the cytosol (LDH) and for mitochondria (GLDH) were used to 
check the differential centrifugation procedure. 

CK, extraction from mitochondria 
CK, was extracted from the mitochondrial pellet with a 0.05 mol/l 

NazHPo,/NaH,Po4 buffer (pH 7.4) containing 0.2% bovine serum albumin and 
0.005 mol/l glutathione [ 4,7]. The mitochondria were incubated for 30 min at 
4°C. Ultracentrifugation in a Beckman Spinco J.L. 26 at 100 000 X g for 30 
min yielded a clear supernatant containing CK,. 

Electrophoresis 
Agarose electrophoresis, as described earlier [8], was used. The nitro blue 

tetrazolium staining technique has also been described before [ 81. By omitting 
creatine phosphate from the incubation mixture it was proved that all the 
bands referred to in this paper are really CK bands. 

Hybridization experiment 
The hybridization experiment was performed according to Levy and Lum 

[9]. CK isozymes possibly contaminating the mitochondrial CK extract or the 
CK BB extract were removed by anion exchange chromatography [6] before 
the hybridization experiment. Subunit dissociation was achieved with 8 mol/l 
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urea for 3 h at 24°C. During this period the activity of the hybridization mix- 
ture decreased to 10% of the original activity. Subsequently the mixture was 
dialysed against 2000 ml 10 mmol/l Tris/HCl buffer (pH 8.0) containing 0.1 
mol/l 2-mercaptoethanol (Calbiochem no. 4449). The recovery of the original 
activity was 65%. 

Incubation of CK, in serum 
The mitochondrial extract was incubated in sera low in CK activity. The 

activity of these sera was below the detection limit of the electrophoresis pro- 
cedure under the conditions used. Various incubation temperatures and times 
were used. 

Density gradient focusing 
Isoelectric focusing experiments were carried out as described before [lo]. 

Enzyme activity determination 
All enzyme determinations were performed at 35°C on a LKB reaction rate 

analyser. CK was measured using N-acetyl cysteine as an activator (Baker 
reagents: nos. 3171/3/7). For LDH the recommendations of the Committee on 
Enzymes of the Scandinavian Society for Clinical Chemistry and Clinical 
Physiology were followed (Baker reagents: nos. 3163/4). GLDH was assayed 
using the method described by Ellis et al. [ll] (Baker reagents: nos. 3121/ 
3118/2412). 

Inhibition with anti-M inhibiting antibodies 
Experiments with inhibiting anti-M antibodies from Merck Darmstadt (nos. 

14326/7) were carried out at 24°C and were further dealt with in accordance 
with the directions for use given by Merck. 

Precipitation with anti-M precipitating antibodies 
Samples that were measured in the precipitation test were diluted with 0.05 

mol/l NaCl in 0.05 mol/J Tris/HCl buffer (pH 7.5). The CK activity of the dilu- 
tions was approximately 70 I.U./I. The precipitation test was carried out 
according to the method of Wiirtzberg [ 121, although some modifications were 
necessary in order to regain an acceptable percentage of the original activity of 
an antiserum blank after the overnight incubation at 4°C. Instead of the borate 
buffer a 0.05 mol/l Tris/HCl buffer (0.05 mol/l NaCl) was used. Furthermore 
the NAC concentration (Baker no. 0460) in the PEG-NAC solution was 
reduced to 0.130 g NAC in 100 ml buffer. The antiserum used is anti-creatine 
kinase MM (von Hammel) (Merck no. 11642). 

Results 

CK, isolation 
Table I shows the CK activities as well as the activity of the marker enzymes 

during the various stages of CK, isolation. For this experiment 23 g of heart 
tissue were homogenized. The Potter-Elvehjem homogenizer forms a critical 
step in the procedure. It should be used briefly and gently in order to avoid dis- 
ruption of the mitochondrial membrane. 
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TABLE I 

CK LDH GLDH 
(units) (units) (units) 

12 000 g supernatant 4720 10 555 117 
wash 1 129 359 2 
wash 2 12 10 1 
wash 3 3 0 0 
wash 4 1 0 0 
100 000 g supernatant 60 0 4 

CK, heterogeneity 
The electrophoretic pattern of a mitochondrial extract indicates the presence 

of two CK isozymes (Fig. 1). This is consistent with the work of Hall [5] on 
beef heart mitochondria. We also experienced the influence of reducing sub- 
stances on CK,. 2-Mercaptoethanol, for instance, clearly converts the isozyme 
with the faster cathodal mobility into the slower form. Consequently we call 
these two forms CK,(ox) and CK,(red) respectively. We have never succeeded, 
however, in showing the reversible character of the conversion. The use of 
several weak and strong oxidizing substances only resulted in a loss of activity 
and not in the conversion from CK,(red) to CK,(ox). 

Inhibiting antibodies 
Fig. 2 shows that the CK,(red) isozyme has almost the same mobility as CK 

MM, [lo]. In order to prove the absence of CK MM in the mitochondrial 
extract, inhibiting anti-M antibodies were used. Table II shows that the two 
CK, forms are not inhibited by anti-M. 

Isoelectric point 
The isoelectric point of CK,(red) was determined by density gradient focus- 

ing. In eight experiments a mean pl of 6.94 + 0.04 was measured. The activity 
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Fig. 1. CK electrophoretogram. Agarose electrophoresis, 50 mmol/l sodium barbital buffer, pH 8.0. 85 
V, 45 min. Mitochondrial extract. 

Fig. 2. CK electrophoretogram. Agarose electrophoresis, 50 mmolfl sodium barbital buffer. pH 8.0, 85 V. 
45 min. A, mitochondrial extract; B. CK MM3. 
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TABLE II 

CK MM3 
CK, (red) 
CK, (red + ox) 

Delta Elmin Delta E/min 
before inhibition after inhibition 

71 mEx 1 mEx 
45 45 
52 53 

in the CK,(red) peak could not be inhibited with anti-M antibodies. In a series 
of five experiments the pl of CK MM3 turned out to be 6.86 _+ 0.03. As a con- 
sequence of this small difference in pl, it is impossible to separate CK,(red) 
and CK MM3 electrophoretically. The overall recovery of CK, in the isoelectric 
focusing experiments ranged from 72-82%. It was not possible to detect a 
separate peak of activity for CK,(ox) in the column eluates. Apparently the 
CK,(ox) was reduced during the isoelectric focusing. Fig. 3 shows the elution 
pattern of the density gradient. 

Incubation of CK, in serum 
When CK,(red + ox) was incubated at 37°C in a serum low in CK activity, 

the CK,(ox) form was converted into the reduced form within three hours 
(Fig. 4). Because of this it would be practically impossible to detect CK, after 
a myocardial infarction by an electrophoretic technique. Upon incubation of 
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Fig. 3. Isoelectric focusing of a mitochondrial extract in a sucrose density gradient. Ampholines 6 ml, pH 
range 3.5-10: 65 h, 2’C. Current, voltage and power limited at 5 mA. 700 V and 1 W. respectively. 120 
fraction of 1 ml. 
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Fig. 4. CK electrophoretogram. Agarose electrophoresis, 50 mmol/l sodium barbital buffer, pH 8.0, 85 V, 
45 min. A. mitochondrial extract; B, mitochondrial extract after an incubation of 3 h at 37’C in a serum 
low in CK activity. 

CK,(ox) in the NazHPo4/NaHzPo4 extraction buffer, CK,(ox) was completely 
converted into CK,(red) within 25 days at 4°C. 

Hybridization 
A CK BB and a CK, extract were freed from CK MB and other possibly 

present contaminating CK forms by anion exchange chromatography. The 
activity of a mixture of 2 ml CK BB (3500 I.U./l) and 2 ml CK,(red + ox) 
(3000 I.U./l) decreased to 10% of the original activity after 3 h at a concentra- 
tion of 8 mol/l urea. After the subunit recombination, an artificial hybrid CK 
form was clearly detectable (Fig. 5). The hybrid moved slightly less toward the 
anode than CK MB. Apart from this hybrid form, CK BB and CK,(red) were 
also detectable. Probably because of the presence of 2-mercaptoethanol the 
CK,(ox) form could not be detected any more. This hybridization experiment 

A B C D 
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Fig. 5. CK electrophoretogram. Agarose electrophoresis, 50 mmol/l sodium barbital buffer PH 8.0, 85 V. 
45 min. A, CK BB used for hybridization; B = C, Result after subunit recombination; D, CK,)red + ox) 
used for hybridization. 
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Fig. 6. Immune-precipitation of creatine kinase MM isozymes. The residual activity after the incubation 
with antiserum is plotted as a percentage of the activity of an antiserum blank after overnight incubation. 

proves the dimeric structure already proposed by Sobel [2] on a basis of the 
molecular weight. It also proves the presence of two similar subunits in the 
CK, molecule. 

Precipitating anti-M antibodies 
Three MM isozymes were isolated from a human 

activity, using density gradient focusing as described 
The mean activity of the antiserum blank after the 

serum with increased CK 
in a previous article [lo]. 
overnight incubation was 

98% of the activity prior to the incubation. The three isozymes show an iden- 
tical behaviour with dilutions of precipitating anti-M antibodies (Fig. 6). This 
experiment proves that no antigenic determinant of CK MM is involved in the 
modification process of the enzyme observed in serum. 

Discussion 

In working with human heart muscle extracts, we saw a CK isozyme with 
cathodic mobility. This finding was consistent with the work of Sanders [ 131. 
The isozyme turned out to have a mitochondrial origin. The isolation of mito- 
chondria even proved it possible to isolate two forms of CK,. These behaved 
just like the two CK, isozymes, isolated from beef heart mitochondria by Hall 
[ 51. We therefore assume a redox conversion between the two isozymes. 

Hybridization experiments proved the dimeric structure of CK,, as already 
suggested by Sobel [2] on the basis of the molecular weight. The hybridization 
experiments also prove that the molecule consists of two similar subunits. The 
molecular weight of*CK,, determined by using Sephadex G-150 gel filtration, 
is equal to the molecular weight of the other CK isozymes [2]. This makes it 
impossible to separate CK, from the other CK forms with a technique that 
separates on the basis of the molecular weight. 

The reduced form of human CK, has an isoelectric point of 6.94. This is 
slightly higher than the isoelectric point of CK MM, which is 6.86 [lo]. There- 
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fore, it is also virtually impossible to separate CK,(red) and MM, with any 
technique that separates on the basis of differences in net charge. 

Two mitochondrial forms of CK were found in human heart muscle. In 
skeletal muscle, however, we have only been able to detect the CK,(red) form. 
This could be the result of differences in internal milieu between mitochondria 
from heart and skeletal muscle. On the other hand this finding leaves open the 
possibility of different functional roles for the two isozymes. 

Heart muscle contains much CK,. Saks [4], for instance, has shown that rat 
heart contains more CK, than CK MB. Therefore it is strange that no CK, can 
be detected in serum after a myocardial infarction, while the presence of CK 
MB can be clearly shown. Still we may expect to find mitochondrial proteins 
in the circulation after irreversible muscle damage. Boyde [14], for example, 
has described the occurrence of the mitochondrial isozyme of aspartate trans- 
aminase in serum after myocardial infarction. The observation that CK,(ox) 
is rapidly converted into CK,(red) in serum at 37°C is interesting in this con- 
nection. As mentioned above, this CK,(red) has the same electrophoretic 
behaviour as CK MM3, so that the presence of CK, in serum would remain un- 
observed in electrophoresis. The similar behaviour of CK,(red) and CK MM in 
several separation techniques might be the reason that no one has been able 
to show the presence of CK, in serum after a myocardial infarction. Another 
possible explanation is the binding of CK, to the inner mitochondrial mem- 
brane. Jacobus [ 71 already showed that CK, remains associated with the mito- 
chondrial membrane, under circumstances where other mitochondrial proteins, 
like adenylate kinase, appear in the supernatant. Adenylate kinase is an inter- 
membrane marker, which is not bound to one of the mitochondrial mem- 
branes. 

The possible presence of CK, in serum could have implications for the deter- 
mination of CK MB. When column chromatography on mini-column anion 
exchangers [6,15] is used, CK, will appear in the same fraction as CK MM. As 
a consequence, the quantity of CK MB, determined in this way, will not be 
influenced by the presence of CK,. This is not the case when the inhibition 
method with inhibiting anti-M antibodies is used. Inhibition experiments in 
this paper indicate that CK, is not inhibited by anti-M antibodies. The result 
will be a CK MB value which is too high. Witteveen [16] indeed described 
tremendous discrepancies in MB value between column chromatography and 
the inhibition method. These discrepancies are found for heart extracts and 
not for human sera. A possible destruction of mitochondria in the Ultra Turrax 
homogenizer can cause this finding. The suggestion [16] that the three CK MM 
isozymes, described elsewhere [8], are responsible for this phenomenon is not 
correct. MMi, MM,! and MM3 show a similar behaviour with anti-M antibodies. 

As long as there is no definite proof whether either of the two CK, forms is 
present in the circulation after myocardial infarction, the quantitative CK MB 
determination with anti-M antibodies remains questionable. 
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