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Abstract. Creatine phosphokinase-mediated t1anspoit of energy from the site of
production to the site of consumption is a key process for meeting the eneigy-
demands of 1eactions i cytosol. The mitochondiial creatine phosphokinase (inCPK)
plavs an unportant 1ole 1 this process, with the enzyme activity localized paiti-
culatly m the mitochondrial contact sites (M1CS) Earlier studies in adult animals
have shown that the formation of MiCS vaiies in response to the energy demand
and the physiological state of the heait, and it is stimulated by an inciease m
[CaT), However, theie is little known about MiCS formation in juvenile hearts,
charactetized by metabolism different from adult hearts. In the present study we in-
vestigated the modulation of MiCS formation via Ca?* 1n hearts of 14-day-old rats.
The moderate response of MiCS to various stimuli (elevated extracellular Ca’*,
diltiazem, cardiac arrest by Cd?*) may 1efer to a still increased mtracellular Ca”™+
concentiation, the incomplete development of mitochondrial energy production as
well as to persistingly high eneigy demand of the developing heart
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Introduction

Creatine phosphokimase (CPK) plays an mmportant role in the mtracellular energyv
ttanspott, particularly m tissues with high eneigy demand, such as heart, skeletal
muscle bramn ete (Wallimann et al 1986) The enzyimne exhibits specific 1soforms,
localized m the cytoplasm, on myofibiils and 1n the mtochondiia Among them, a
special function 1s fulfilled by the mitochondriial 1soensyme that, in dimeric form. is
present in the space between the mner and outer membianes of the mitochondiia
However, 1t can be organized also m oc tameres that were found to be localized 1n the
mitochondnal contact sites (MiCS) MiCS are locr whete the imnner and outer mito-
chondrnial membranes became connected by the structure consisting of a molecule of
porm 1 the outer membrane, the octameric mitochondrial creatine phosphokinase
(mCPK) m the mter-membiane space, aud the molecule of ATP/ADP tianslocase
1 the mner mitochondrial inembrane MiC'S are believed to participate in the trans-
fer of energy through the mitochondnal membranes (Bidiczka 1991 Wyss et al
1992) Brermans et al (1989) utilized the presence of mCPK octameres in MiCS for
oy tochemical detection of these stiuctures The latter study also revealed that the
amount of NLC'S present m cardiac nutochondiia mareases m parallel with the m-
crease m metabolic activity of the heart Owr previous studies 1evealed that in adult
heatts an mciease m mtiacellular Ca®™ concentration ([Ca®t],) may act as a signal
for both, an increase in the metabolic activity of the heart as well as an enhanced
formation of the MiCS (Bakker et al 1993, 1994, Ziegelhoffer-Mihalovicova et al
1997) It has been well documented that the metabolism of rat hearts undergo
most dramatic changes durig fust 2 weeks of postnatal development (Wittnich
1997) There 1s a shift from anaerobic metabolism i the prenatal period to aerobic
metabolism 1 the adulthood (Hohl 1997, Tribulovd et al 1997) This 15 accompa-
nted by changes m caleiun handling So, we were mterested m the formation of
AICS and m the modulation of this process m nnmature 1at hearts

Materials and Methods

Hearts of 36 14-dav-old Wistar 1ats, divided mto 6 groups (6 annnals each). were
exased and Langendoifl-perfused at 37°C for 15 nun stabilisation petiod (SP)
with Krebs-Henseleit solution (K-H) contaiming (in mmol 17!) 118 5 NaCl 250
NaHCO3, 12 KH;PO;, 118 KCI1, 12 MgSO4 11 5 glucose, and 1 6 CaCl, It was
gassed with a mixture of 95% oxygen and 5% caibon dioxide Subsequently, the
hearts were perfused for additional 15 min as follows Group 1 (Contiols) — the
same K-H solution as above, Group 2 (High Ca?*) - K-H contaming 2 2 mmol 17
Ca?t, Group 3 (Controls with diltiazem) — K-H containing 1 6 mmol 171 Ca’*t +
5 pmol 17! diltiazem, Group 4 (High Ca?™ with diltiazem) - K-H contaimng 2 2

mmol 17! Ca?t + 5 mmol 17! diltiazem, Group 5 (Ca-paradox-like model) 3
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mm Ca’*-depletion and 12 min Ca’*-repletion, Group 6 (Cardiac airest) — after
SP admmistration of 5 mmol 17! CdCl,

After completion of the experiment, the hearts were perfusion-fixed and fur-
ther processed for cytochemic al determination of octameric mCPK according to the
method of Biermnans et al (1989), (for details see Ziegelhoffer-Mihalovidova et al
1997) The method 15 based on reduction of a thiocarbamyl mitro blue tetrazolium
chlonide salt i the presence of lactate and glucose-6-phosphate dehydiogenases
Thin sections of embedded tissue slices were examuned 1 electron microscope
Stereological method (Baddelev et al 1986) was used to evaluate the MiCS surface
to mutochondiia sutface 1atio (Ss) The testing grid was applied over the election-
micrographs and the ratio of intersections of cycloids with MiCS and mtersections
of (ydowds with mitochondrial membranes was counted

Results

The bascline values of 1ate-pressure product, parameter of cardiac performance
(heatt 1atexdeveloped pressure, RPP), of the left ventricle after SP did not duffes
between the groups Perfusion with high Ca*t concentiation (group 2) mcreased
the RPP by 42 6% as compated to control values (group 1) Diltiazem (group
3) decreased RPP by 71% while m the presence of 22 mmol 17t Ca?t. 1t was
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Figure 1. Cvtochemically detected MiCS in heart mitochondnia of 14-days old 1ats
control group arrows mutochondrial contact sites, M — mitochondria
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decreased by 46.9% onlv. Calcium-paradox-like intervention (group 5) decreased
heart performance by 74.8%.

The electionmicrograph (Fig. 1) shows an example of the histochemically de-
tected MiCS in control rat heart.

Results fiom the stereological evaluation of MiCS friequency are shown in Fig. 2
as the MiCS suiface to mutochondiia surface 1atio (Ss).
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Figure 2. MiCS swmiface to mitochondiia suiface 1ati0 (Ss) i hearts of 14-days old
1ats € = countrols, Ca = high calcrum, Dilt = controls with diltiazem, Ca+Dilt = high
caleum with diltiazem, CaP = Ca-paradox-like model, CdCl = cardiac arrest, error bars
=+SENM

The detection of MiCS 1n the first group of hearts, serving as contiols, showed
very abundant staimng of contact sites with the precipitate from the cytochemical
detection of mCPK.

Perfusion of hearts with increased extracellular [Ca?t]. (group 2) as well as
the Ca?t overload model (group 5) failed to induce any significant increase in the
amount of MiCS Diltiazem depressed the formation of MiCS in hearts peifused
with noimal [Ca?*]e only nonsignificantly Relaxed heaits of group 6 (cardiac ai-
rest) revealed only nonsignificant deciease in the amount of MiC'S.

Discussion

Duiing peimatal and early postnatal development, hearts undeigo numerous chan-
ges m their metabolisin connected to the shift from anaerobic to aerobic eneigy
production. The oxidative capacity of cardiac mitochondria increases during this
petiod reaching its adult values at 15 20 days postnatally (Glatz and Veerkamp
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1982). In the control of mitochondrial respiration in the heart, Ca®* plays an
important role in the activation of mitochondrial enzymes (Hansford 1994).

Our results indicate that, in 14-day old rat hearts, the response of MiC'S forma-
tion to Ca’*-signalling is altered as compared to adult rat hearts. This is partially
die 1o the alterations in calciwin handling and caleinm tolerance in immature 1at
Learts (Mahony 1996). Increased intracellular Ca®t transients (Vornanen 1996)
seem to maintain the formation of MiCS persistingly high.

The high energy demand of the developing heart present even in control sit-
uation requires effective transport of energy from mitochondria to the cytosol,
provided by MiCS. The weak response of MiC'S formation to Ca®* stimuli may
result from the fact that. to keep the transport of energy produced in the ma-
turing mitochondria sufficient, maximal amount of transport places rather than
downregulation of MiCS is required.
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