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The interaction of mitochrondrial creatine kinase (Mi-CK: EC 2.7.3.2) with phosphalipid monolayers and spread mitochondrial membranes ut

the airfwater interface has been investignted. It appedred that Mi-CK penetrated inte these monolayers as evidenced by an increase in surfuce

pressure upon incorporation of Mi-CK., The increase in surfuce pressure was dependent an (1) the amount and (2) the eligomerie form of Mi-CK

in the subphase, ns well ax on (3) the initial surface pressure and (4) the phospholipid compesition of the monalayer. In this experimental system
Mi-CK was uble ta interact equally well witls both inner and outer mitochondrial membranes.

Creatine kinase; Model membrane: Prowin=lipid interaction: Mitachondrion

1. INTRODUCTION

Creatine kinase (CK; EC 2.7.3.2) isoenzymes catalyze
the reversible transfer of the phosphoryl group from
phosphocreatine (PCr) to ADP, thus regenerating
ATP. CK genes are expressed in several tissues with
high, fluctuating energy turnover, e.g. skeletal and car-
diac muscle, brain and photoreceptor cells, and sper-
matozoa [1].

Several isoenzymes of CK have been characterized:
brain-type (BB-), muscle-type (MM-), as well as the
hybrid MB-CK isoenzymes are mainly cytosolic and are
always dimeric (see [1] and references therein), The
mitochondrial CK isoenzymes (Mi-CK) are restricted to
mitochondria and have been shown to exist in two
oligomeric forms, as d dimeric and as an octameric
molecule [2].

Evidence has accumulated that the interaction of the
various CK-isoenzymes with cellular structures plays an
important role in their function. Cytosolic CK isoforms
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are associated with specific subcellular sites, e.g. in
muscle, a physiologically significant portion of MM-
CK is specifically bound at the myofibrillar M-line,
while another portion of the same isoenzyme is loosely
associated with the l-band.: Some MM-CK is also
specifically bound to the sarcolemma and the sar-
coplasmic reticulum, while in Torpedo, a BB-like CK
species was found to be associated with acetylcholine
receptor-rich post-synaptic membranes (reviewed in
(. ‘

Mi-CK is located in the mitochondrial intermem-
brane space, where it is bound to the outer leaflet of the
inner mitochondrial membrane [3]. In addition to the
localization of Mi-CK along the cristae membranes (2],
recently, subfractionation of disrupted mitochondria
has shown that Mi-CK is accumulated in the fraction of
contact sites between inner and outer membrane (4].
The presence of Mi-CK at contact sites was confirmed
by ‘in situ’ histochemical staining, which showed CK
activity localized at sites of close proximity between
hoth mitochondrial membranes [3].

The specific subcellular location of CK isoenzymes
can be interpreted in terms of the PCr/Cr circuit [1], as
a means to ensure a high phosphorylation potential at

- sites of ATP consumption, and phosphocreatine syn-

thesis at sites of ATP production. Functional coupling
of the creatine Kkinase reaction and oxidative
phosphorylation in mitochondria has been described
[6]. Recently, we reported on the ability of Mi-CK to in-
teract simultaneously with two phospholipid domains,
thereby creating a contact between two membrane in-
terfaces [7].
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The aim of this work ix to ¢haracterize more exten-
sively the direct interaction of Mi-CK with membeanes,
The behaviour of different CK isoforms (MM., BB-
and Mi-CK) towards model membranes using the
monolayer technique is deseribed, The lipid specificity
of the Mi-CK-membrane interaction is investigated us-
ing lipld extracts from various ¢ellular membranes and
pure lipid species.

2. MATERIALS AND METHODS
Al rengents used were of analytieal grade qualing,

20, Source of CK ixvengymps

Chicken cardiae MI-CK, BB-CK and skeleta) muscle MM-CK were
purified 1o homogencity gy dexeribed [2.8,9), The ixoenaymes (3.5=3
mgs/mi) were aliquotted, rapidiy frozen in Haquld nitrogen and siored
atl = 70°Cin 25 or 30 mM sodium phosphate, pH 7-7.2, 150-230 mM
WNaCl, 2 mM BME, 0.2 mM EDTA. Qctameric MCK wus taken from
asample at high protein concentration (see above), which eonsisted of
Z290% octameric Mi.CK,' A dimeric Mi-CK sample, containing
835-90% dimeric enzyme, was generated by ineubation of Mi-CK for
=R’ h at low pratein concentration (0.4 mg/mi) with a mixture of 4
mM ADP, 5 mM MgCly, 20 mM Cr, 30 mM KNOj in 150 mM NacCl,
25 mM sediam phosphate, pH 7.2, known to induce a transition xate-
analog complex (2,10},

2.2, Isolation of membrane froctions

Isolation and subfractionation of rat liver mitochondria were pers
formed accarding to (1], Mitochendria from chicken heart were
isolited as deseribed [12) with an-additional Percoll (Pharmacin) gra-
dient centrifugation step, Microsomal membranes were isolated from
rat liver as described {13].

2.3, Lipids
Lipids were extracied from the different membrane fractions by the

method of Bligh and Dyer [14] as described [11), then dissolved in

CHCIly/CHAOH (411, v/v) 10 a concentration of 1-5 mM lipid.phos-
phorus and stored at =20°C. Diolcoylphosphatidylserine and dio-
leoylphosphatidylcholine were synthesized according to established
methods: {15,16], Cardiolipin from bovine heart was isolated and
purified essentially as described [17]. Soybean phosphatidylinesitol
was purchased from Larodan Fine Chemicals AB (Malme, Sweden).
Lipid phosphorus was measured after destruction of phospholipids
with 70% perchloric acid by the method of Fiske and Subbarow [18].

24, Radioactive methylation of Mi-CK

Mi-CK was radiolabeled by reductive methylation with ("*Clfor-
maldehyde (Du Pont-New England Nuclear, 55 Ci/mol) and sodium
cyanoborohydride {19). The net charge of the protein is not altered
through this method. The réaction was carricd out in' 25 mM sodium
phosphate, pH 7.0, 50 mM NacCl, 2 mM BME, 0.2 mM EDTA ata
protein concentration of 1.9 mg/ml for 1.7 hat 25°C. The molar ratio
of monomeric protein/formaldehyde was 1:140, After dialysis against
the same buffer, the specific enzymatic activity, oligomeric form and
dimerizing ability of methylated Mi-CK were indistinguishable from
those of the unlabeled protein. The specific radioactivity of the label-
ed Mi-CK was 44 uCi/mg.

2.5. Creatine kinase aussay

Creatine kinase activity was determined cither in the direction of
ATP synthesis in a pH stat [20] or in the direction of PCr synthesis
according to Bicher et al. {21},

2.6. Protein determination

Protein was determined either by the BCA assay of Pierce Chemical
Company (Rockford, USA) including 0.1% sodium dodecylsulfate
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{SD85 of by 1he methedd of Lawey [33) fo the prosenes of 1% SBX, uss
g BSA a n wrndacd. Both nvthady gave Identieal oy, The ¢ons
canration of purifivd cardias MECK was determibned meavaring the
absorption al 280 am. wing an absorbing ndes ALY of 12, ax deter-
mined by amine acid analysis of the pure tneyme,

37 FPLC-Giel permeation chromatography
Gel-filtration experiments were performed on o FPLC Supeross 12
FUR. 10430 eolumn (Pharmacial as doveribed [12],

2.8, Monatuyer weehnlgues

tmerfacial measurements were performed at 3¥°C In a ther
mastativally controlled box under a nitrogen armosphere, The surlace
pressurd was meaasured by the Withelmy method {23}, The amount of
radiolabel at the interface was determined by recording the surface
raclenctivity with a gas flow detectar [23). or by collcetion of the
manalayer, follawed by seintiation counting,

Manomoleculur Hpld layers were spread Trom a CHCWACHOK
(4:1, vav) liphd solution to give the desired inftdal swrface pressure,
Twe different Tefton dishes were used: one with a subphave volume
of ' mi and o surface aren of &6 ¢m? for surfacespiessure
measurements, and ane whily a volume of 19 mi and a surface area of
29.6 ¢m® which allowed surface pressure and interface radioaetivity to
be monitored concomitantly.

Inner and -ouler mitochondrial membranexs were spread at the
nitrogenswarer interfuce essentally as described by Verger and Pattus
(24). The teflon dish consisted of 3 chambers, each with a velume of
19 mlb and a surface area of 35 eni®. Vesicle suspensians (5-10 mM
lipid phosphorus) were applicd from a syringe at o constant speed het.
ween 3 and 40 gl/min to a rough glass plate partially submerged ivthe
subphase, The applicaton of vesicles was stopped when the surface
pressure reached 6-8 miN/m. The filim was then slowly compressed
with & weflon bar ro the desired surface pressure, and the interconnecs
ting channel was ¢losed, Subphase buffers were 10 mM sodium
phosphate, pH 7.0 or 220 mM mannitol., 70 mM sucrose, 2 mM
HEPES, pH 7.4, [n all experiments the subphase was continuously
stirred with a magnetic bar. The subphase was washed by injecting
and ejecting 6 subphase volumes of buffer solution at opposite sides
of the dish at a rate of 10-20 ml/min, Proteing were added with a syr-
inge through a hole in the teflan chamber connected 1o the subphase.
The volumes of actual injections into the subphase were always = 2%
of the total subphase volume except for dimeric Mi-CK where the sub-
phase volume was increased by maximally 10%. Due to the increased
buoyaney of the Wilhelmy plate following these injections; correc-
tions were necessary to oblain the true protein-induced inerease in sur-
face pressure,

2.9, SDS Polyacrylamide Gel Electrophoresis (SDS-PAGE)

SDS-PAGE was performed with Phastgel Gradient 10-15%
polyacrylamide (PhastSystem, Pharmacia). Proteins were stained by
the Diamine silver staining method (Development: Technique File No.
210, Pharmacia).

3. RESULTS

3.1. Interaction of octameric Mi-CK with phospho-
lipid monolayers

The interaction of Mi-CK with model membranes

was studied by the monolayer technique. First the sur-

face activity of the Mi-CK itself was measured by injec-

ting increasing amounts of Mi-CK in 10 mM sodium

Mi-CK induced an increase in.surface pressure that
reached a maximum of 20,3 mN/m at a concentration
of 0.1 uM octameric Mi-CK. All further experiments
with lipid monolayers were performed at surface



Volume 281, number 1,2

LR LT LR wARE T WAk e
.. .4

¥
1
TN
{

i B n & L2} [T T P " (R Y Gy

THRE i

Fig. 1. Aseciation of ocmmeric MbCK with menatayers of
mitechondtial inner membrane phosphelipids. Changes in surfuce
pressure (upper tracing: =) and surlace radioaetivity (ower tracing:
~) At the Interface were menjlored s w funcdon of ume. The
monolayer was farmed at 22 mN/7m on 4 subphiase of 10 mM sodium
phosphave, pH 7.0, Prowin concéntration after Injection (arrow: Mi-
CK) was 0:12 pM af ectameric MECK, Subphiave was replenished with
6 vols. of buffer at the points indicaied. "Clabeled MLCK (44
#Cirmgl and non-radiclabeled Mi-CK were added in a mass ratio of
1 to 38, Wash buffers were 10 mM sodium phosphate pH 7.0 contain.
ing either O (1), 50 (2), 100 (3), 150 {(4), or 500 (3) mM NaCl. The
amount of MLCK sl the Interface before snd after subphase wash
with 10 mM sodium phosphate was 316 and 278 ng/em® (n=2),

pressures of =22 mN/m in order to avoid non-specific
surface adsorption,

In the initial experiments  with phospholipid
monolayers, surface-pressure changes were measured
and simuitaneously the amount of '*C-labeled Mi-CK
at the interface was quantitated. *C-labeled Mi-CK was
injected into the subphase below a stable monolayer of
inner mitochondrial membrane phospholipids at an in-
itial surface pressure of 22 mN/m (Fig. 1). The surface
pressure increased slowly and equilibrated after 40-60
min at 27 mN/m. Surface radioactivity followed a
parallel time-course, implying that Mi-CK was indeed
causing the surface pressure increase. Labeled and
unlabeled Mi-CK did not differ in their ability to in-
teract with monolayers, since mixtures of native and
14C.methylated Mi-CK in different proportions caused

—~

g 5

3 A
=4

o

(%]

®

[

-

o

8

Q

[

2

7

0

2

2

o

o

1]

= o T T T T T
a 0,0 0.2 0.4 0.6 0.8 1.0

M CK

. FEBS LETTERS

Aprit 199)

the same pressure ingrease and gave the expected pro-
portional change in surface radioactivity {data not

* shawn). After équilibration of surface pressure and

raclioactivity, the subphase was washed with sodium
phasphate buffers (pH 7.0) containing increasing con-
centrations of NaCl. Even at $00 mM NaCl (Fig. 1) only
& minor proportion (33%) of the bound Mi-CK was
removed from the interface and no decrease in surface
pressure was observed. Washing the subphase with 23
mM sodium phosphate pH 8.8 resulted in the removal
of 25% of the bound Mi-CK (not shown).

The influence of the subphase composition on the in-
itiation of the Mi-CK-monolayer interaction was also
investigated, Octameric Mi-CK (0.12 MY was injected
underneath a monolayer of inner mitochondrial mem-
brane phospholipids with an initial pressure of 122
mN/m into subphases of different composition. The
surface-presence increase was found to be independent
of ionic strength (0=150 mM NaCl), pH value (7.0-8.4)
and the pressure or absence of 0.2 mM EGTA or 5 mM
BME (not shawn).

3.2. Interaction of different CK- isoj’orms with
phospholipid monolayers

To investigate whether octameric Mi-CK excluswely
induced a surface-pressure increase in a phospholipid
monolayer, the interaction of other CK-isoforms with
phospholipid monolayers was also studied.

All CK-isoenzymes tested induced a surface-pressure
increase upon injection below monolayers of inner
membrane phospholipids. The interaction of the dif-
ferent creatine kinases with the lipid interface was’
characterized by measuring the surface-pressure in-
creasc induced by the isoenzymes as a function of their
subphase concentration (Fig. 2) and as a function of the
initial surface pressure of the monolayer (Fig. 3). Injec-
tion of dimeric Mi-CK into a subphase implied the

- simultaneous addition of reagents inducing a transition

state~analog complex to the subphase; therefore, in
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Fig. 2. Surface-pressureincrease of inner mitochondrial membrane phospholipid nllonolayers as a function of the concentration of CK isocnzymes
at an‘initial surface pressure of 22 mN/m. (A) octameric (1) and dimeric (&) Mi-CK; (B) MM; (¢) and BB-CK (&),

125



Volume 281, number 1,2

é
i A
L "
h
g o
]
8
39
&
3
8
a
a
v o
% oli i

initial surfnca prassure (MN/m)

FEBS LETTERS

April 1991

T~

e T Y r Y
*6 2¢ 4 EL L1 8 a2

suiface pressure increase {mMms)

Initial surtace prossura (mN/m)

Fig. 3. Surface-pressure increase of inner mitochondrial membrane phospholipid monolayers ut different intinl surface pressures upon injection
of (A) (.12 pM octnmeric Mi-CK (0), 0.48 xM dimerie Mi-CK (@); (B) 0.28 ;oM MM- (o) or 0.5 pM BI.CK (4] into the subphase, The lines
drawn are the result of leasi-square fits (o all the data poinis: r= 0,96 (octameric Mi-CKY; 0.93 (dimeric Mi-CK); 0.97 (MM-CK); 0.99 (BB-CK).

order to compare the behaviour of dimeric and oc-
tameric Mi-CK towards phospholipid monolayers
under identical subphase conditions, the same amount
of reagents present in the dimer sample was added to
the subphase prior to injection of octamieric Mi-CK.
Gel permeation analysis of the subphases of these ex-
periments showed that no shifts of the dimer tooctamer
ratio occurred during the experiments (not shown). The
magnitude of the pressure increase was saturable with
all isoenzymes, but saturation was reached at different
subphase concentrations of the particular isoproteins
(Fig. 2). Octameric Mi-CK showed the highest affinity
towards phospholipid monolayers, with saturation
reached at 0.05-0.1 4M. The saturation concentration
of octameric Mi-CK was lower than that of dimeri¢ Mi-
CK (0.2-0.4 uM). The two cytosolic isoenzymes also
showed ‘higher saturation concentrations than oc-
tameric Mi-CK and subtle differences in the saturation
behaviour between both cytosolic proteins became evi-
dent: while MM-CK saturated at 0.2-0.3 uM, BB-CK
did so at 0.3-0.5 uM.,

The surface . pressure increase induced by CK-
isoenzymes was inversely proportional to the initial sur-
face pressure of the monolayer (Fig. 3). For Mi-CK the
amount of protein bound to the monolayer was
measured as a function of the initial surface pressure us-
ing radiolabeled protein. It appeared that the two
parameters . displayed inverse proportionality (not
shown). The so-called ‘critical pressure’ is the initial
surface pressure of a monolayer above which a protein
is no longer able to penetrate the monolayer and to
cause a surface-pressure increase. With respect to this
parameter, the different CK-isoforms also’ differed
from each other (Fig. 3). The critical pressure of oc-
tameric Mi-CK was about 30 mN/m (Fig. 3A, Fig. 5),
while that of dimeric Mi-CK was about 26 mN/m. The
critical pressure of the cytosolic CK isoenzymes was
higher (Fig. 3): about 33 mN/m for BB-CK and 32
mN/m for MM-CK.
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3.3, Phospholipid specificity of the Mi-CK-monolayer
interaction

It has been argued that anionic phospholipids, in par-
ticular cardiolipin; are essential for the interaction of
Mi-CK with model and mitochondrial membranes [25].
Therelfore, the lipid specificity of the surface-pressure
increase induced - by Mi-CK ' was investigated.
Monolayers composed of dioleoylphosphatidylcholine
plus varying amounts of anionic phospholipids which
oceur.  in mitochondria, that: ‘is, cardiolipin,
phosphatidylserine and phosphatidylinositol, were
used. The interaction of Mi-CK with monolayers of
pure phosphatidylcholine at an initial pressure of 22
mIN/m resulted in a lower pressire increase than with
monolayers of total phospholipid extracts from dif-
ferent membrane fractions (Fig. 4, ¢f. Figs. 1, 2, 3 and
5). The surface-pressure increase was augmented with
increasing content of anionic' phospholipid in the

surface pressure increase {mN/m)

mol % of anionic phospholipld

Fig. 4. Surface-pressure increase of phospholipid monolayers at an in-
itial surface pressure of 22 mN/m as'a function of the anionic
phospholipid content of the monolayers. Monolayers were composed
of dioleoylphosphatidylcholine plus the indicated ‘mol% of
phosphatidylinositol (m), dioleoylphosphatidylserine (o) or car-
diolipin (x ). Protein concentration was 0,12 uM octameric Mi-CK,
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manolayer, the effect being mast prominent for car-
diolipin (Fig. 4).

The above findings imply’ that Mi-CK has a
preference - for monolayers c¢ontaining  anionic
phospholipids. Moreaver, it is suggested thar the en-
zyme may not discriminate between membrane inter-
faces having a comparable anionic. lipid content fr-
respective of the Hpid species present. For this purpose,
monolayers were prepared with phospholipids extracted
from whole mitochondria, endoplasmie retieulum, as
well as inner and outér mitochondrial membranes,
which are known to have a similar anionic lipid content.
The pressure increase induced by Mi-CK was measured
as a function of the initial surface pressure with the
various monolayers (Fig. 5). Mi-CK did not show any
specificity for.a particular phospholipid mixture, that
is, the inverse proportionality between the Mi-CK in-
duced surface pressure increase and the initial surface
pressure of the monolayer was the same for all
phospholipid extracts (Fig, 5).

3.4, Interaction of Mi-CK with inner and outer
mitochondrial membranes spread at the air/water
interface

Next, the effect of Mi-CK on monolayers spread
from freshly isolated inner and outer mitochondrial
membrane preparations was studied (for background
see {26] and references therein),

First, the interface itself was investigated. Mitochon-
drial outer membranes were spread over a subphase of
220 mM mannitol, 70 mM sucrose, 2 mM HEPES at pH
7.4 and compressed to 22 mN/m. The interface was
then collected and analysed for phospholipid and pro-
tein content, Spreading yield of protein was 53 = 12%
(n=4), and the phospholipid to protein ratio of the in-
terface (795 <+ 65 nmol lipid phosphorus/mg protein,

L T U V

T U M
18 18 20 22 24 28 28 ao

surface pressure increase (mN/m)

initial surface pressure (MN/m)

Fig. 5. Surface pressure increase of phospholipid monolayers at- dif-

ferent initlal pressures. Monolayers were made with phospholipid

mixtures extracted from microsomal membranes (+), inner (& ) and

outer mitochon:rial membranes. (o) from rat liver, and of whole

mitochondria from chicken heart (x). Protein concentration was

0.12 uM of octameric Mi-CK. The line drawn is the result of a least-
square fit to all the data points: r= 0,94,
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s 3) was almost equal to that of the original vesicles
applied (840 nmol/mg). The SDS-PAGE patterns of the
interface and of the wvesicles applied were wun-
distinguishable (not shown). Second, the interaction of
Mi-CK with these monolayers was studied. Inner and
outer mitochondrial membranes were spread, com-
pressed, and Mi-CK was injected in the subphase
kelow. At an initial surface pressure of 22 mN/m, the
injection of MI-CK into the subphase resulted in a
surface-pressure increase of about -6 mN/m (data not
shown). Since the membranes spread at the air/water
interface resemble mitochondrial membranes: more
closely than a pure phospholipid monolayer, this result
confirms the ability of Mi-CK to interact similarly both
with the inner and the duter mitochondrial membrane
{cf. Fig. 5).

4, DISCUSSION

In the work presented we showed that all CK isoen-
zymes (BB-, MM- and Mi-CK) induced a surface
pressure increase when injected below a phospholipid
monolayer (Figs. 2 and 3). This property is shared by
many phospholtpid-binding proteins (sce e.g. {27] for
reviéw), As shown in Figs. 2 and 3, the cytosolic CK
isoforms interacted with phospholipid monolayers with
lower affinity than Mi-CK. The membrane-binding
behaviour of the cytosolic CK isoenzymes is in agree-
ment with the reported association of BB- and MM-CK
with subcellular structures (reviewed in [1]) and with
observations from many authors, in which cytosolic CK
was shown to be partly co-enriched during purification
of mitochondria (see e.g. {2]), but contradicts the
reported inability of MM-CK to bind to heart
mitochondria {28]. For Mi-CK, however, the data are
straightforward and represent novel aspects of the
meémbrane interaction of this mitochondrial enzyme.

A large proportion (£ 65%) of the Mi-CK associated
with the monolayer was not solubilized with high salt or
alkaline pH buffer (Fig. 1), indicating that the interac-
tion of the enzyme with the phospholipid molecules at
the interface is strong and not only of ionic nature. By
contrast, Mi-CK is - effectively solubilized from
mitochondrial inner membrane preparations under
these conditions [2,29]. It is still a matter of debate
whether ionic strength or salt composition is decisive
for Mi-CK solubilization [29,30]." A spin-label electron
spin resonance study on the binding of Mi-CK to
cardiolipin-containing vesicles indicated that the en-
zyme binds to the surface region of the bilayer and does
not penetrate into the hydrophobic region of the mem-
brane [31], while our results suggest that domains of the
Mi-CK molecule penetrate inbetween the phospholipid
molecules of the monolayer.

Octameric and dimeric Mi-CK were shown to differ
in = their ability ‘to interact. with: phospholipid
monolayers. The octamer induced a higher surface-
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pressure increase and showed ahigher affinity as wellas
a higher eritical pressure than the dimer (Figs. 2 and 3).
Because of the latter facts, the pressure increase
measured upon injection of a Mi-CK preparation ¢on-
taining mosty dimeric Mi-CK (= 85%) might be dug to
the small propertion of actameric Mi-CK (= 15%) still
present in the sample,

The experiments with monolayers of different
phospholipid compesition confirmed the preferential
interaction of Mi-CK with cardiolipin already establish-
ed by Carafoli and co-workers [25]). However, the data
shown here allow the conclusion that, beside car-
diolipin, other anionic phospholipids can also function
as membrane receptors of mitochondrial - creatine
kinase: Mi-CK interacted with various negatively-
charged phospholipids (Fig. 4), a feature which was
also observed by the above authors with phospholipid
vesicles [32]. Mi-CK did not show any specificity in in-
teracting with monolayers of total phospholipid ex-
tracts from different membranes (Fig. 5). Some of these
membranes contain no cardiolipin at all, but other
negatively-charged phospholipids in a similar propor-
tion (s¢e e.g. [33]). The ability of Mi-CK to interact
equally well with monolayers spread from phospholipid
extracts from inner and outer mitochondrial membrane
suggests that the enzyme might in principle bind to both
mitochondrial membranes. Indeed Mi-CK interacted
with both ‘inner and outer mitochondrial membranes
spread at the air/water interface, inducing a similar
surface-pressure increase,

The described membrane-binding properties of Mi-
CK have several implications for the function and
localization of the enzyme in vivo. Dimeric and oc-
tameric Mi-CK show somewhat different kinetic pro-
perties [34] as well as a differential pH-dependency of
interaction with mitoplasts [12]. In this work dimeric
and octameric. Mi-CK differed in their behaviour
towards monolayers especially at  high surface
pressures, with the octamer showing a higher critical
pressure than the dimer (Fig. 3). Since the ‘equivalent
surface pressure’ of biological membranes is thought to
be in the range of 30-35 mN/m [35,36] it is tempting to
say that, as proposed recently [12], mostly octameric
Mi-CK interacts with mitochondrial membranes in
vivo,

The ability of Mi-CK to interact equally well with
both inner and outer mitochondrial membranes is
especially relevant in view of the occurrence of Mi-CK
at sites of close contact between inner and outer mem-
brane of mitochondria, where a simultaneous interac-
tion with both membranes has been proposed [12,37].
Over the last years evidence has accumulated that con-
tact sites play a central role not only in the import of
mitochondrial precursor proteins (see review [38]) and
most probably in the intramitochondrial transport of
phospholipids (see [33]), but also in energy metabolism
(7,37]. Recently, we reported that Mi-CK mediated
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close contacty between two model membrane interfaces,
a phospholipid monolayer and Jarge unilamellar
vesicles [7]. The present work sets the stage for further
studies on Mi-CK-induged contacts between two mem-
brane interfaces. The:latter experimental system will
resemble more closely the complex in vivo situation at
contact sites and .in the intermembrane space of
mitachondria.
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