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[zeenzymex of erdating kinase (CK, BC 2.7.3.2) in guineu-pig smooth, ¢ \rdmc and skeletul museles uy well as in brain were analyzed by eclulose
ucctute c\v:clwplmrcm und FPLC gel permestion chromatagriphy. In crude tissue extracts of smooth museles brain type BB.CK and the hybrid
form MB-CK were detected, but in enriched mitochondrial fractions from different gulngi-pig smooth muscles, mitochondrial type Mi-CK was
urinmbiguously identified, Smooth muscle MI-CK displayed the same electrophoretic mobility as Mi-CK fram brain, which migrates stower than
curdine Mi-CK. Identicdl to parailel experiments with Mi-CK fram cardiae musele and bruin, smooth muscle Mi-CK could be reselved into dimeric
and octamerie specws. the Tatter being remarkably stable. In contrast to guinea-pig smooth museles, Mi-CK was not detected in chicken gizzard
tissue extracts nar'in enriched mitochondrial leactions thereof, The presence of Mi-CK, predommantly in ectameric fovm, in guinea-pig smooth
museles, but not in ¢hicken gizzard, muy vepresent a clue for the different physiological propertiex of these muscles and may pmwdc the molcculur
basis for the depéndencc of the PCr produeuon on oxidative memhullsm observed in the guineu-pig taenin cacel.

M:wchondrml cn:.nmc kinase; CK isoenzyme; Smooth muscle of guinea-pigand chicken (aorw, taenia cacei, vas dcfens). Energetics;
: Phosphocrcnnne eireuit’

L INTRODUCTION

Smooth muscle, like many other mammalian excit-
able tissues, contains phosphocreatine (PCr) and ATP,
although the PCr content is relatively small compared
to that of striated muscles [1]. Already earlier, the cor-
responding enzyme, creatine kinase (CK, EC 2.7.3.2),
was found in smooth muscle of chicken gizzard {2].
After the existence of different CK isoenzymes, i.e,
brain-type BB-CK, muscle-type MM-CK and the
hybrid form MB-CK had been established [3,4], it was
reported that smooth muscle possesses BB-CK and MB-
'CK [5~10]. Although another isoenzyme, mitochon-
drial CK (Mi-CK), has been identified in conjunctidn
with cytosolic CK .in various mammalian ahd non-
mammalian tissues, e.g. skeletal and cardiac muscle
[11], brain [11,12], retina photoreceptor cells [13], sper-
matozoa [14,15] and Torpedo electrocytes [16], little is
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known about the presence of Mi-CK in smooth muscles
except that CK . activity was found in the enriched
mitochondrial fractions of some smooth muscles
[11,17]. On the other hand, recert investigations on
PCr and ATP contents of the intestinal smooth muscle
showed that the PCr production is highly dependent on
the presence of oxygen [17,18], suggesting the presence
of Mi-CK in smooth muscles. Therefore, the present
study was performed to analyze CK isoenzymes of
smooth muscles in companson to those of cardiac mus-

«¢le and brain.

2. MATERIALS AND METHODS

2.1, Extraction of CK isoenzymes froin tissues

Male guinea-pigs (300-500 g) were stunned and exsanguinated.
Then, brain (cerebrum), skeletal muscle (psoas), cardiac muscle (ven-
tricle) and smooth muscles (thoracic aorta, vas deferens and taenia
cacci) were isolated. Chicken gizzard was obtained: promptly after
staughter, CK isoenzymes were extractr‘d‘by hypo-osmotic swelling of
the tissues as described elsewhere [15]. Briefly, tissues were minced,
exposed to 1-3 vols, of pure water (Milli-Q, Millipore, Bedford, .
MA., USA) for '15 min, then incubated with 26 vols. of 25 mM

- NaH;PO, plus'5 mM 2- mercaptoethanol (pH > 8.75) for another

60~90 min, and finally centrifuged at 10000 x g for 10 miny The
supernatant served as a tissue extract and was kept at —20°C. The
protein concentration was determined by the method of Bio-Rad

_using bovine serum albumin as a standard and a correction factor of

2.1 for realistic protein content as recommended by the Bio- Rad
manual.

2.2, Mitcchondrial fraction

Mitochondrial - fractions' of the guinea-pig’ heart and' smooth.
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muscles were prepared by a meditied inethod of {19} Ivolared tissues
were avinced in MSH solutdon of 0,223 M mannitol, 0.075 M sucrase,
0.5 mM EQTA. 2 mM Z.mercaplocthanol and ¥0 mM Hc:pes (pH
7.0) and exposed 1o 100 U collagenase (Type VI, Sigma, &2, Louls,
MO, USA) for 13 or 60 min to heart or smooth muséles, respectively,
Then, e tissues were homogenized by a. Polytron (Kinematled,
Luzerny, Switzerland) or Teflon homogenlzer. Fomogenates were
ventrifuged once at RO00 x g for 10 min. Pellets were resuspended
and centrifuged at 700 » g for 10 min. The aupernatants were <en-
wrifuged twiee at RODO x g for 10 min, The. résultane pellel were
suspended in MSH and served ay enriched mitoshondrial fractions
which were kept at =70*C. For the preparation of guinea-pig brain
mitochondrial fraction, the tissue wax hamogenized without exposure
1o collagenase, ‘and the homogenate was centrifuged m 00 and
8000 x g to get enriched mitochondrinl fraction.

2.3, Extraction of MI-CK from mitoe hondria

Extraction of Mi-CK from mitachendrix was performed ageording
to a modified method of (20]. Freshly prepared mitochondrin were
centrifuged for I35 min nt 500 % g The supernatant was centrifuged
for 30 min at 27500 % g, resuspended and cemri(\med‘auain for
40 min at 27500 x g The peller was swollen by water for 15 min and
centrifuged for 40 min at 27300 % g. This step was repeated again,
The resultant pellet containing mitoplasts was exposed to 25 mM

NaH3: PO, at pH 9 for 60 min. The phosphate solution was then cen-
trifuged for 80 min at 90000 x g. The final supernatant was adjusted
to'pH 7 and was concentrated with Centricon 10 microconcentrators
(Amicorz, Danvers, MA, USA). The concentrated sample was sub-

jected to FPLC gel permeation chromatography, measurement of CK.

activity and cellulose acetate electrophoresis. -

2.4, FPLC gel permeaiion chromatography

Gel filtration experiments. were  performeet on . an  FPLC-
SUPEROSE 12 HR 10/30 -column  (Pharmacia) as described
clsewhere - [21). The elution solution was composed of 50 mM
NaHzPO,, 150 mM.NaCl, 2 mM 2-mercaptoethanol, 0.2 mM EDTA
and 2 mM NaN; (pH 7.2). The column was calibrated with ferritine
(440 kDa), catalase (232 kDa), aldolase (158 kDa), chicken BB-CK
(80 kDa) and a-chymotrypsinogen (24.5 kDa) as standards, CK ac-
tivity in each fraction was detérmined as described below, ‘

2.5, CK activity mieasuremen!s

" Using a pH-stat (Radiometer, Copenhugen, Denmark), CK ac-
tivities-in the direction of ATP synthesis were measured by titrating
the reaction solution at pH 7 and 25°C, as described previously (22].

One unit of enzymatic activity corresponds to the ‘formation- of
1 zmol ATP per min,

2.6. Cellulose acetate electrophoresis
Samples prepared from various tissues were applied on cellulose
acetate -membranes (Cellogel, Chemetron, Milano, Italy) and sub-

jected to electrophoresis for 35—-50 min at a constant voltage of

140-150 V in veronal buffer, pH 8.4-8.6, as described elsewhere
[20], Separated isoenzymes were stained by the overlay -gel technique
[23] in the presence-and absence of 0.01 mM P!, p! dl(adenosme-s )
pentaphosphate (Ap5A) which blocks adenylate kinase (AK) activity
[24].

3. RESULTS AND DISCUSSION

3.1. CK activities in total homogenates and mito-
chondrial preparations of smooth muscle

CK activities were determined in whole tissue extracts

of various organs of the guinea-pig (Table I).  On the

basis of tissue wet welght, skeletal muscle (psoas) show-

ed the highest specific CK activity tested. Smooth

muscles of taenia caeci and vas deferens had specific ac-
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(Ln.-mhw kinase (CK)activitics of thssue extracty of the guinedspig and
ehicken
Prepurations Actvitics
(U/g wet weight) (Usmg protéin)
Guinewpilg .
- Brain ‘ 130.1 2R
Skeletal muscle ‘ 2037.8 ‘ 1.0
C Qacdiae musele 2513 iy
Smeooth musele ‘ \
Taenia cueel 153.3 54
Vas deferens 28T 7.8
Aoria : 26.0 0.6
Chicken
Smooth musele ‘
Girzard 165.1 : 6.2

tivities comparable with those of brain (cerebrum) and
heart (ventricle), while that of the thoracic aorta was
approximately 10 times lower. The low CK activity of
aorta may be at least partly due to the larger non-
celiular space compared to that of the ‘other tissues.

When the activities were expressed in terms of protein
content, the above relative proportions of specific CK-
activities of the various tissues tested were not altered.

‘Table I also shows the CK activity of chicken gizzard

smooth muscle which possessed a comparable amount
of CK activity as visceral smooth muscles of the
guinea-pig. ‘

The specific CK acuvxtles of ennched mitochondrial
fractions prepared - from heart, brain and smooth
muscles were also determined (Table I1). Mitochondrial :
fractions of the guinea-pig heart displayed a specific
CK activity of approximately 2 U/mg mitochondrial
protein. The cerebral mitochondrial fraction revealed
approximately 30% of the cardiac CK ‘activities. In
mitochondrial fractions of the taenia caeci and vas
deferens, spe.'iie CK activities were relatively high, yet
slightly lower than that of the cerebral fraction.

Table 11

CK activities of enriched mitochondrial fracnons plcparecl from
tissues of the guinea-pig and chicken

‘Preparations Activities
(U/mg mitochondrial protein)
© Guinea-pig : '
Brain : 0.68
Cardiac muscle . 2,36

Smooth muscle
Taenia caeci ‘ 0.38
Aorta C 0,10

- Chicken

Smooth muscle
Gizzard 0.10




Valume "83 number |

M\tochondrml !‘rmusns of the gumea-png aorta and

chicken guzard showed only 5% of the activity ct“ the

guinea-pig ventricle mitochondria.

3.2. Identification of CK isoenzymes in smoaoth muscle

When smoath muscle tissue extracts were subjected
to cellulose acetate electrophoresis and the CK isoen-
zymes - subsequently visualized, 3 bands appeared
(Fig. 1), Two bands migrated to the anode and one
band migrated slightly to the cathode, The fast moving
band towards the anode is BB-CK, since it exactly cor-
responded to BB-CK from brain (Fig. 1). Such a fast
migrating CK band was already reported in smooth
muscles [6,7,9]. The second band with slower clec-
trophoretic mobility towards the anode, also reported
earlier {5,7,8], is likely to be the hybrid form MB-CK,
since it corresponded to the faint band of cardiac mus-
cle tissue extracts [3,24].

The third band of smooth muscle extracts and the
faint band at the equivalent place in brain extract seem-
ed to correspond to the intense. MM-CK bands of car-
diac and skeletal muscle extracts (Fig. 1), but proved to

be due to adenylate Kinase activity, since it disappeared

in the presence of 0.01 mM P',P*.di(adenosine-5')-
pentaphosphate (Ap5A), an adenylate kinase inhibitor
[24] (Fig. 2). Furthermore, when PCr, a substrate for
CK reaction, was omitted from the staining solution in
the absence of ApSA, this very same band appeared at

the equivalent place (data not shown), also mdlcatmg‘

that it represents adenylate kinase. In contrast, by the
same criteria, the cathodic bands in skeletal and cardiac
muscle extracts seen in Fig. 1 proved to be largely due

. BB MB
Brain‘ | ’
Skeletal ’
Cardiac ! !

Taenia caeci ‘ 0
Vas deferens . ‘

Aorta e :
o, ~

Fig. 1. Cellulose acetate electrophoresis of tissue extracts of guinea-
pig brain, skeletal, cardiac and smooth muscles (taenia caeci, vas
deferens and aorta). Electrophoresis was performed for 40 min at
145 V. CK isoenzymes were visualized by the overlay gel method [27],
in the absence of P',P*-di(adenosine-5 ' )pentaphosphate (ApSA). BB
represents the brain-type BB-CK isoenzyme; MM, the muscle type
MM-CK; MB, the hybrid form between MM and BB; and Mi, the
mitochondrial CK-isoenzyme, AK, adenylate kinase; + and -
represent the anodal and cathodal direction, respectively.. Sample
application was on the vertical line,
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A. Control- |
Taenia caeci

MB AK

BB

Rt

Vas deferens A ’ 4

Aorta ‘ ;
B. ApSA :

Taenia caeci .

Vas deferens

Aorta ‘
.(.. ‘ -

hg 2. Effest ot‘ ApSA on the Ch ymogram pattern of smooth,

muscle tssue extriets. A and B, eellulose acctate membrane wag

stained in the absence and presence of 0.01 mM ApSA, respectively,

Note! in B, bands slightly cathodal near the origin were abolished,

indicating the presenee of adenylate kinase (AK) at-this position, BB

and MB represent BB- and MB-CK, respectively, Samplcs were
applied on the vertical line,

to MM-CK and an additional CK isoenzyme, presum-
ably Mi-CK. In brain extracts, two bands could be
assigned to Mi-CK. The less cathodic form represents
dimeric and the more cathodic form octameric Mi- CK
(sec below).

" In order to obtain cont“xdent evidence for the pres-
ence of Mi-CK in smooth muscles, enriched mitochon-
drial fractions of taenia caeci, vas deferens and aorta
were subjected to cellulose acetate electrophoresis: in-
comparison to. enriched ‘mitochondrial fractions of
brain and cardiac muscle (Fig.. 3). In these mitoclion-
drial fractions of smooth muscles, some BB-CK and
MB-CK were still detected, but clear cathodal bands of
Mi-CK appeared in the presence of ApSA (Fig. 3). The

Mt fractions BB MB MM - Mi
'~ Cardiac

Taenia caeci ’ | @ - é%
Vas deferens @

Aorta @ 4 | &

. Brain

Tty
¥
L 2%

Fig. 3. Mitochondrial CK in smooth muscle, Cellulose-polyacetate

electrophoresis of enriched mitochondrial fractions prepared. from

brain, cardiac muscle, tacnia caeci, vas deferens and aorta.of the

guinea-pig. ‘Membrane was stained in the presence of ApSA to

suppress AK activity. Note: Mi-CK is found in all these smooth,
‘ muscle preparations.
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place of the cathodal band in smooth muscle mitochon-
dria was equivalent to that of the more cathodal band

of brain Mi-CK and to that of the less cathodal band

of cardiac Mi-CK, but it was distinctly different from
that assigned for adenylate kinase (Fig. 3). Omission of
PCr from the staining mixture prevented the appear-
ance of all the cathodal bands (data not shown).
Therefore, the cathodal band of smooth muscle mito-
chondrial fractions is indeed due to thc activities of
Mi-CK.

Chicken gizzard smooth muscle has Lurremly been
used for the biochemical and biophysical characteriza-
tion of its contractile properties. This led us to analyze
CK isoenzymes in gizzard as well. Fig. 4 shows the elec-
trophoretic patterns for a whole tissue extract and an
enrichedd mitochondrial fraction of gizzard as well as
for a tissue extract of chicken heart, As already known
[25], chicken heart showed a band for BB-CK, not
MM-CK, and two bands for Mi-CK in the presence of
ApSA. On the other ‘hand, neither tissue extract nor

enriched mitochondrial fraction of the gizzard gave any

Mi-CK ‘bands, while BB-CK was present in significant
amounts.: It is thus suggested that, unlike mammalian
smooth muscle of the guinéa-pig, chicken gizzard
smooth muscle does not express Mi-CK.

3.3. Characterization of smooth muscle MI-CK by
FPLC gel permeation chromatography and cel-
lulose acetate electrophoreszs

Mi-CK from different species and tissues is l\nown to
exist in dimeric and octameric form [15,20,23,26,27].

To obtain information on the oligomeric state of Mi-

CK in the guinea-pig, freshly prepared phosphate ex-

tracts of swollen cardisc and cerebral mitoplasts were

subjected to gel filtration and the CK activities of the

respective ' fractions were analyzed by -the pH-Stat’

method (Fig. 5). Cardiac phosphate extract revealed

Mi
o+ -
Gizzard Mt
Gizzard tissue extract
Cardiac tissue extract b ff
DO

Flg 4. CK isoenzymes identified in the chicken gizzard smooth

muscle, Tissue extract ‘and enriched mitochondrial: fraction from

gizzard ‘as well as tissue extract of chicken cardiac muscle were

subjected to cellulose acetate electrophoresis'in the presence of ApSA

to suppress AK activity. Note: complete absence of Mi-CK in chicken

gizzard and presence of Mi-CK ‘octamers (O) and dimers (D) in
chicken cardiac muscle.
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Fig. 5. Gel permeation clution profiles (FPLC Superose 12 ehroma-
tography) of phosphate extracts from cardine musele (A) and brain
(B) mitochondria and CK activity profiles of gel-Tiltrated fracdons:
The upper panel shaws elution profiles and the lower panel shows the
enzynvitic activity, O and D refer to the octamer and dimer elution:
positions of Mi-CK, respectively. Note: the refatively high proportion
of Mi-CK dimers in extracts from heart versus brain mitochondrin is
mdmuve for a higher stability of brain Mi-CK octamers compared
to cardiac Mi- Ch octamers,

two peaks of CK activity corresponding to molecular
weights of around 85 and 350 kDa, thus being equi-
valent to those of dimeric and octameric molecules of
Mi-CK; respectively [23,28]. On the other hand, in the
phosphate extract of brain mitochondria, the 350 kDa
peak was predominant and that of 85 kDa was very

- small. These results suggest that octameric and dimeric

Mi-CKs are formed in the guinea-pig cardiac musclc
and brain,

Electrophoretic patterns of ca:d:ac and brain mito-
chondrial phosphate extracts showed two Mi-CK bands
in the cathodal area (Fig. 6). Fractions from gel filtra-
tion runs containing exclusively dimeric Mi-CK were
also included in Fig. 6 for comparison. In two Mi-CK
bands of heart and brain, the band for dimeric Mi-CK
corresponded to the less cathodic one, the more acidic
band therefore représenting octameric- Mi-CK. The
same pattern was observed with the chicken and rat Mi-
CK isoenzymes and may: be explained by the higher
isoelectric point. of octameric versus dimeric Mi-CK
[201. As can also be seen in Fig. 6, exclusively oc-
tameric Mi-CK was 'present in brain mitochondria,
whereas a mixture of dimeric and octameric Mi-CK was
visualized in cardiac mitochondria, eventually signify-

“ing that brain Mi-CK octamers are more stable than

cardiac Mi-CK octamers.

Furthermore, the brain Mi-CK bands moved slow to
the cathodic direction compared to the cardiac Mi-CK
bands (Fig. 6). Coincidentally, chicken brain Mi-CK
was recently reported to have a slower electrophoretic



Volume 283, number |

a8

M
o e
Eralﬂ M‘ ‘ ' o ‘
Brain-D fraction ‘ '
Brain P‘i-eix!mcf 1 “
Cardiac Mt .. . -
‘ : MM ! ‘
Cardiac D-fraction ! ‘
Cardiac Pl-extract i .
4
+ DO -

Fig. 6. Compiriian between brain-type and cardiae musele~type Mis
CK isoenzymes of the guinea-pig. Enriched mitochondrial (My)
fractions, phosphate (Pi) extracts thereo! and dimer (D) fractions
after gel filtration of the phosphate extracts were subjected (o
celulose acetate electrophoresis and bands were visualized in the
presence of ApSA to suppresy AK, Note: the different electrophoretic

mability of octamers (O) and dimers (D) of brain Mi-CK versus’ ‘

cardine Mi- CK BB, MB, MM und Mi refer to BB-CK, MB-CK, MM
CK and mitochondrial CK, ‘

mobility than that of the chicken heart on the cellulose

acetate membrane [20]. N-terminal sequence analysis

revealed that Mi-CKs of chicken brain and heart were:

two distinct isoenzymes differing in 10 out of 30 N-
terminal amino acids [29]. Recently, also in human,
two distinct: Mi-CK isoenzymes were identified by
molecular genetics [30). These results suggest that
mammalians as well as birds possess two distinct isoen-

-zymes of Mi- CK a brain-type and cardiac muscle-type

Mi-CK.

The reversible conversion between Mi-CK d:mers ‘

and octamers depends on-a variety of conditions, such

as Mi-CK concentration, pH and the ‘presence of

nucleotides and salt [20,31,32]. When mitochondrial
fractions of guinea-pig cardiac muscle were exposed for

30 min to dimerizing conditions, the more cathodic
band faded in favor of the more anodic band (Fig. 7).
On the other hand, the Mi-CK band of the brain
mitochondria. was apparently not affected by the ex- -

posure to dimerizing conditions for 30 min (Fig. 7).
However, after repeated freezing and thawing of the
brain mitochondria under. dimerizing conditions, the
original band slightly faded in favor of the more anodic
band (Fig. 7). Density ratios of the anodic versus
cathodic brain Mi-CK bands were 1.32 after 3 times
freezing and thawing under dimerizing conditions and

0.09 after 3 times freezing and thawing under control .

conditions. These results suggest that in the guinea-pig
the octameric form of brain Mi=CK is much more stable
than that of the cardiac muscle Mi-CK in the
guinea-pig.

Most 1mportantly, smooth muscle Mi-CK was also

expospd to.dimerizing conditions, but no appreciable
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Fig. 7. Effects of dimerizing conditions on electrophoretic patterns
of Mi-CK isoenzymes obtained from enriched mitochondrial
fractions of brain and cardiac muscle, Dimerizing conditlons were
mide by ddding 4 mM ADP, 5 mM MgCly, 20 mM ¢reatine and
50 mM KNO, 10 a control solution composed of 50 mM - Nal; PO,
150 mM NacCl, 0.2 mM EDTA, 2 mM 2-mercaptocthanol and 2 mM
NaNy (pH 7.2), as reported by [20). [n A, mitochondrial fractions
were subjected to freezing-and- unwmg Jtimesin control solution; B,

- 3 tmes freezing-and-thawing in dimerizing conditionsi' C, mito-

chondria werc exposed for 30 min 1o contrel solution at 4°C without
repeated freezing-and-thawing; D, exposed for 30 min to dimerizing
conditions at 4°C. The pattern: of the mitochondrial fraction of
taenia cacci after repeated freezing-and-thawing (more than § times)
in control solution is-also shown, indicating that the octameric Mi-
CK (0) from smooth muscle, similar to brain Mi-CK octamers, is
very stable and isnot as easily converted into dimers (D) as cardiac
Mi-CK ouamcrs ‘

change in the density ratio of acidic to basic band was
observed on cellulose acetate membranes (data not
shown). Instead, several times freezing and thawing
during a prolonged storage period of mitochondrial
fractions at ~70°C gave two bands at comparable posi-
tions with those of brain Mi-CK (Fig. 7)., Although a
direct analysis of the oligomeric state of smooth muscle
Mi-CK was not possible, due to the small amounts of
Mi-CK and the small amounts of guinea-pig smooth
muscle available, the fact that smooth muscle Mi-CK

‘octamers comigrated with brain Mi-CK octamers and,

like brain Mi-CK, could partially be converted.into Mi-
CK dimers proves the fact that smooth muscle Mi-CK
can exist as octamers and dimers and that it possesses
properties much more similar to brain Mi- CK rather‘
than to cardiac Mi-CK.

The higher stablhty of brain-type Mi-CK octamers is
further suggested by the following facts: among diluted
tissue extracts only brain tissue extracts showed an oc-
tameric Mi-CK band, although the intensity =was

. relatively weak (Fig. 1). The ratio of Mi-CK octarmer to
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dimer was much higher in brain compared to cardiac
mitochondria (Fig. 3), When phosphate extracty of
brain mitochondria were subjected to gel fileration,
predominantly the octameric  form was  detected
(Fig. 5). Under physiological conditions the predomi-
nant. presence of ‘octameric Mi-CK was reported for
bovine heart mitochondria, while a predominance of
dimerie Mi-CK was found in pigeon breast musele [32].
In the chicken, cardiac Mi-CK octamers are more stable
than brain Mi-CK octamers {20,33]. Thus, species as
well as tissue-specific differences in the stability of Mi.
CK octamers are obvious.

Table Il summarizes the CK isoenzymes detected in
tissue extracts and enriched mitochondrial fractions of
smooth muscles, cardiac muscle, skeletal musele and
brain of the guinea-pig as well as the chicken gizzard
smooth muscle, BB-CK was identified in smooth
muscles and tissues other than skeletal muscle. MM-CK
was found in skeletal and cardiac muscles of the
guinea-pig, but not in other tested tissues mcludmx,
brain. This is in contrast. to a recent work -in which
substantial amounts of MM-CK were found in human
brain [34]. This again could point to species differences
in the expression of CK isoenzymes,

Table IIl. shows the wide distribution of Mi-CK
isoenzymes among tissues except the chicken gizzard
smooth muscle. Smooth muscle ‘usually produces long
lasting contraction more than several minutes, a so-
called tonic contraction. In contrast, it has recently
been shown that chicken gizzard responds to the con-
tractile stimuli for a brief period of less than 60 s
{35,36]. Presumably, such a difference in the contrac-
tile properties of chicken gizzard ‘is at least in part
reflected by the lack of Mi-CK 'in this tissue.

3.4. Mitochondrial CK and smo‘oth‘ muscle energetics
Interms of energy expenditure, both glycolytic and

oxidative pathways of metabolism contribute to the

function of the guinea-pig taenia caeci. When activated
by depolarization, the maximum ATP turnover rate
through both pathways of metabolism was calculated
to be approximately 5 xmol/min/g wet weight (U/g) at
37°C and approximately 60% of the total turnover rate
was due to oxidative phosphorylation [18]. Thus, com-
pared with the total CK activity measured in this muscle
(153.3 U/g at 25°C), relatively small amounts of Mi-
CK are required to support the PCr production depen-
dent on oxidative phosphorylat:on The presence of on-
ly small amounts of Mi-CK in smooth muscle may
partly explain the failure of detection of Mi-CK in the
tissue extracts of guinea-pig smooth muscles. The
cytosolic CK activities are suggested to be predomi-
nant, while the total CK activities are much higher than
the required maximum ATP turnover rate of the taenia
caeci. It will be interesting to: investigate whether in
smooth muscle a certain fraction of ‘cytosolic’ BB-CK
~is also compartmentalized and bound to subcellular
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Table 1H

CK bovmymes. did adcnm\c kinase (AK) Idenivied in variows
thisues of the gulnenpig  and chicken, wing wlhﬂmv aeetale
clectrapharesis ‘

€K hmnmmn AK
BE O OMB MM M

Preparations

Tisswe extraeiy

Guinga-pig ‘ .y

© Braln ‘ * - - *

. Skeletal musele Lk * *
Cardiac muscle b * + * &
Smooth muscle

Taenia eueei * + - - »

- Vax deferens + + - - -

Aoria R - = *

Chicken gizzard + - - - *
Mirochondrial fractions

Gulnea-pig
Brain - - * nd
Cardiae musgle - ~ + * *
Smoath musele

Taenia cacei * % - + *

- Vag deferens + + - * nd
Aoria + + - + nd
Chieken gizzard k - - - +

BB represents the brain-iype BB-CK isoenzyme, MM the muscle-type

MM-CK; MB a hybrid form between MM and BB.CK, Mi

mitochondrial CK and AR adenylate kinase. Symbol + means the

identificationand ~ the absence of the respective CKi mocnz;. mesand
AK: nd, not determined

locations with high energy turnover [37], for CK isoen-
zymes have been shown to be associated with acetyl-
choline receptor-rich postsynaptic plasma membranes
in Torpedo electrocytes [38], to sarcoplasmic reticulum
membrancs of muscle [39] and to be structurally incor-
porated into the skeletal and cardiac: muscle: M-band
[40], suggesting a dual structural‘and enzymatic role,
The presence of Mi-CK in mitochondrial fractions of
guinea-pig smooth muscles may provide the molecular
basis for the dependence of PCr-production on ox-
idative metabolism observed in the guinea-pig taenia
caeci [17,18]. This is corroborated by the recently
reported fact that in the porcine carotid artery, a two
site molecular exchange between ATP and PCr dueto
CK reaction can be assumed from *'P-NMR saturation
transfer experiments [41]. Thus, one may postulate that:
these two corresponding sites in the smooth muscle cell
may be cytosolic BB-CK on one hand and mitochon-
drial Mi-CK on the other hand, forming a so-called
PCr-circuit [37] where high-energy phosphate fluxes
between mitochondria and cytoplasm are facilitated via
Mi-CK and BB-CK. Since the cell volume of smooth
muscle. is small compared to skeletal muscle [42], diffu-
sion limitation of ATP and ADP may not be as crucial
in smooth muscle as in skeletal muscle cells [43] so that
the high concentration. of BB-CK in these cells, espe-
cially in chicken gizzard, may be sufficient for the buf-
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fermg of ATE’/ADP levels mtribumd to CK [37,44].
However, the presence of appreciable amounts of Mi-
CK in guinea-pig smooth muscles indicates that under
oxidative working conditions the energy transport

function of the CK system facilitated via Mi-CK [37)

becomes physiologically significant in these smooth
muscles. Thus, while ATP hydrolysis oceurs upon

;stimulmion of smooth muscle contraction, the PCr-
cireuit system may coordinately work to maintain the

eytosolic ADP concentration low, to keep the cytosolic

pH constant and on the mitoehc}ndri’al side to effective-
ly stimulate oxidative phosphorylation in elevating
ADP and proton concentrations at the intermembrane
space. .
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