Biochimica et Biophysica Acta, 1067 (1991) 187-190 187
© 1991 Elsevier Science Publishers B.V. (005-2736/91/503.50
ADONIS 000527369100311D

BBAMEM 75281
2,2,4-Trimethylpentane induces Ca?* release
from the sarcoplasmic reticulum terminal cisterns
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Using quin2, the effects of aliphatic hydrocarbons on the system of Ca®*-induced Ca®* release in isolated

of rabbit skel musele have been stmlied The hytlrocnrlmns were inserted into the
membranes by means of h b ining i 2,2,d-Trimeth ) caused a rapid
release of 70-75% of Ca?* taken up by the terminal cistern vesncles during lhe Ca?*-pump operation. This effect
was inhibited by the caffeine-induced Ca?* release blockers ~ Mg>*, h red and The same was
observed with a d in the of ATP that is known to activate the terminal cistern Ca®* channels.
The effect of 2,2,4-trimethylp on the | 1 cistern fracti tically devoid of Ca®*-channels was
insignificant, Heptane, hexane and octane caused a slow release of 5-10% of the accumulated Ca%* from the

terminal istern vesicles; no such effect was induced by decane.

1. Introduction

The Ca®* release from the sarcoplasmic reticulum
(SR) of skeletal les is an inter link be-
tween the electrical excitation of plasma membranes
and the contractile response of muscle fibers [1]. The
molecular mechanism of Ca* release from SR is still
unknown. Therefore, a study of the Ca*-induced Ca®*
relcase system of the terminal cisterns of skeletal mus-
cle 5 is of special interest {2-6]. The central compo-
nents of such a sys\em are, in all probability, ad

2, Materials and Methods

2.1. Chemicals. Caffeme, m‘udazole. Hepes, ruthe-
nium red, t and gl | were
purchased from Serva; phosphocreatine was from
Sigma; creatine kinase and ATP were obtained from
Reanal (Hungary); sucrose, KCl and potassium oxalate
were from Merck; ium gl was }
from Fluka; benzoylcholine mdnde was from Chemapol
(Czechoslovakla), hexane, heptane. octane, decane,

nucleotide-dep Ca?*-ch Is [7-9]. Studies on
the biochemical mechanisms underlying malignant hy-
perthermia induced by halothane anaesthesia demon-
strated that the volatile anacsthetic halothane (1,1,1-
trifluoro-2-chloro-2-bromoethane) can induce Ca?* re-
lease from thc termimal cysterns of SR (10-12] It
seems likely that the halothane-induced Ca?* release
is due to the increased affinity of the Ca®* release
system for Ca®* [12]. Taking into account the specific
effect of halothane, an investigation of the effects of
aikanes on the system of Ca®* release of skel

224-"--- and haloths were Soviet
was isolated from the fungus
Trichoderma viride. ATP and caffeine were separated
from Ca?*, using Dowex 50X8 (Serva) and Chelex 100
(Bio-Rad), respectively.

2.2. Methods. The experiments v.ere carried out on
two SR fractions, i.c., on the termin:! istern (TC) and
longitudinal tubule (LC) fractions isclated from rabbit
hind limb white skeletal muscle h [13). Pro-
tein ion was d d by the biuret reac-
tion. The uptake and release of Ca®* by the SR

1 hioi

muscle SR was initiated.
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were d by quin2 fluc [14lina
medium (2 ml) containing 100 mM potassium glu-
conate, 1.5 mM MgCl,, 2 mM ATP, 0.1 mM KH,PO,,
7 mM phospt 2-3 LU. kinase, 20
M Ca* (including contaminant Ca?*), 25 uM quin2,
50-90 pg/ml of SR membrane protein and 10 n-'
Hepes (pH 6.8) (28°C). The measuremems were p:
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Fig. 1. Ca®* transport by the terminal cistern (TC) and longitudinal
cistern (LC) fractions as measured by quin2 fluorescence. The incu-
bation medium contained: (A) 2 mM ATP + SR protein+2 mM
MgCl, (4) or 4 mM MgCl, (3) or 2 mM MgCl, +3 uM ruthenium
red (1) or 2 mM MgCl, +0.2 mM tetracaine (2); (B) 2 mM ATP+SR
protein + 1.5 mM MgCl,. Additions: (A) 5 mM caffeine; (B} DPL (1)
or DPL+decane (6) or DPL +hexane (3) or DPL + heptane (4) or
DPL+octane (5) or DPL+2,24-trimethylpcntane (2). Concentra-
tions: DPL, 5 ug/mk alkanes, 3.5 ug/ml Other conditions as
described in 2.2. Methods.
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formed on a Hitachi 850 spectrofluorimeter in a ther-
mostated cell supplied with a vibrator. ATP hydrolysis
was measured pH-metrically in a medium (4 ml) con-
taining 100 mM NaCl, 4 mM MgCl,, 2 mM ATP, §
mM sodium oxalate, 20-25 pg/ml of SR protein and
2.5 mM imidazole (pH 7.0) (37°C). The reaction was
initiated by an addition of 25-35 uM CaCl,.

3. Results and Discussion

Fig. 1 shows the kinetics of Ca®* transport in the
TC and LC fractions as measured by quin2 fluores-
cence. An addition of SR membranes to the incubation
medium contammg Mg ATP, Ca?* and quin2 results

in a ti in fluc as a
consequence of the ATP-dependent Ca®* uptake by
the SR i After the fi has

reached a plateau, the fluorescence is maintained at a
constant level for at least 10 min, which points to the
lack of permeability of SR membranes for quin2. After
addition of the channel-forming polypeptide alame-
thicin, tie fluorescence returns to a level above the
initial one due to the presence of contaminant Ca®* in
SR membrane preparations. The basal level of fluores-
cence of quin2 was shifted in uii fluorescence plots

d herein, d ding on the concentration of
Ca?* added together with SR membranes. In order to
determine the antount of the accumulated Ca?*, quin2
fluorescence was calibrated by an addition of 2-4 nmol
CaCl, before the addition of SR membranes and after
the addition of alamethicin. The free Ca®* concentra-
tion in the incubation medium was determined as
described by Rink [14]. Under the conditions used, the
TC and LC fractions took up to about 80-100 nmol

Ca®*/mg protein during ATP hydrolysis, as a result of
which Ca?* cc ion in the medi dto
0.05-0.1 uM. An addition of 5 mM caffeine after the
saturation of SR vesicles with Ca®* resuited in the
liberation of about 30 nmol Ca®*/mg protein from the
TC fraction and of about 5 nmol Ca®*/mg protein
frem the LC fraction (Fig. 1). The caffeine-induced
Ca®* release was inhibited by 3 uM ruth red, 0.2
mM tetracaine or by further addition of 2.5 mM MgCl,,
which is in good agreement with the literature data
[15,16]. Halothane also induced Ca®* release from the
TC fraction; however, this reaction proceeded at rather
a slow rate. The hydrocarbons were inserted into SR
membranes within the ition of hyd ‘bon-
containing fiposomes. The latter were obtained by the
method of Batzri and Korn [17] by injecting dipalmi-
toyllecithin (DPL) (5 mg/ml) and a hydrocarbon (5
ul/ml) solution in ethanol with a Hamilton micro-
syringe. As can be seen from Fig. 1, an addition of
DPL or of a DPL + decane solution in ethanol (2 p1)
to the incubation medium after Ca®>* uptake does not
change the Ca?* concentration inside the SR vesicles.
DPL in combination with hexane, heptane or octane
causes a slow release of a small amount of Ca?*
(5-10%). When 2,24,.-trimethylpentane (isooctane)-
containing liposomes are present in the incubation
medium, 70% of the accumulated Ca®* are rapidly
released from the SR vesicles (Fig. 1). Isooctane was
found to liberate up to about 10% of the accumulated
Ca®* from the LC fraction which, as can be judged
from the magnitude of the caffeine-induced effect (Fig.
1). contains a small amount of TC vesicles. The isooc-
tane-induced Ca?* release is inhibited by Mg?*, ruthe-
nium red and tetracaine. A decrease in the ATP con-
centration from 2 mM to 10 uM at a constant concen-
tration of Mg?* (0.5 mM) causes a significant decrease
in the rate of Ca** release induced by isooctane (Fig.
2). At low concentrations of free Mg?* (1.5 mM MgCl,,
2 mM ATP), 3.5 ug/ml isooctane causes a maximal
release of Ca®*, because further additions of caffeine
produce no effect. The half-maximum concentration of
isooctane under these conditions is 1 ug/ml. At high
Mg?* concentrations causing the inhibition of the
isooctane effect, the isooctane enhances the caffi
induced Ca?* releasc. An interesting finding is that
hexane and heptane, which normally do not cause any
significant release of Ca* even at fow Mg2* concen-
trations, have a stimulating effect on the caffeine-in-
duced Ca®* release. Octane has no effect at all,
whereas decane has an inhibiting effect (Fig, 2).
Isooctane-containing liposomes were found to influ-
ence the kinetics of ATP hydrolysis by the TC fraction.
When the rate of ATP hydrolysis in SR b
was measured by the pH method, the CaCl, added to a
medium cortaining Mg-ATP, oxalate and SR mem-
branes increased the rate of ATP hydrolysis. After a
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Fig. 2. Ca* release from the TC vesicles induced by 2,2.4-trimethyl-
pentane (A) or caffeine (B) as measured by quin2 fluorescence. TC
membranes were preincubated for 3-4 minutes in a medium contain-
ing: (A) 2 mM ATP+ 1.5 mM MgCl, (6) or 1.5 mM MgCl, +3 uM
ruthenium red (1) or ! S mM MgCl, +0.2 mM tetracaine (3) or 2.5
mM MgCl; (5 or 4 mM MgCl, (4) or 10 M ATP+0.5 mM MgCl,
(2% (B) 2 mM ATP+ 1.5 mM MgCl,. Two minutes prior to caffeine
addition, DPL (2) or DPL+decane (1) or DPL+octane (3) or
DPL + heptane (4) or DPL+ hexane (5) were added to the incuba-
tion medium. Concentrations: DPL, 5 pg/ml; alkanes, 3.5 pg/ml.
The amount of Ca®* in the SR vesicles before the addition of
2,24-trimethyl pentane or caffeine (5 mM) was taken for 100%.
Other conditions as described in 2.2. Methods.

definite time interval, the rate of ATP hydrolysis
dropped to the initial level. This decrease reflects the
accurnulation of added Ca?*, since a second addition
of Ca?* results in the activation of ATP hydrolysis
(Fig. 3). Isooctane-containing liposomes added to the
incuabation medium cause a several-fold increase in the
amount of ATP hydrolyzed during Ca®* transport, i.e.,
a decrease of the Ca**/ATP ratio; a similar effect is
induced by caffeine. The decrease of the Ca?*/ATP
ratio by isooctane and caffeine is observed only in the
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Fig. 3. ATP hydraolysis in the TC (A) and LC (B) vesicles as measured
by the pH-method. The SR .aembranes were preincubated with 2
mM ATP+4 mM MgCl, + contaminant Ca®* (approx. 10 pM)" 45
mM caffeine (5) or § pg/mi of DPL+3 5 ng/ml of 2.2, 4 lnmethyl-
pentane (2) or DPL+2,2,4-trimeth 3IuM red
(4) or DPL+2,24 +0.2 mM Q). ATP
hydrolysis was induced by an addition of 100 nmol CaCl,. Other
conditions as described in 2.2. Methads,

100 nmol xnzpo‘,
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Fig. 4. Effects of benzoylcholine and caffeine on ATP hydrolysis in
the TC vesicles as measured by the pH-method. The TC vesicles
were pmncubaled for 2 min with 2 mM ATP+4 mM MgCi,+
contaminant Ca?* (approx. 10 M) (1) or 2.5 mM benzoylcholine (2)
or 5 mM caffeine {4) or 2.5 mM benzoylcholine +3 pM ruthenium
red (3) or S mM caffeine + 10 mM benzocaine (5). ATP hydrolysis
was induced by an addition of 100 nmol CaCl,. Other conditions as

described in 2.2, Methods.

TC fraction and it can be prevented by ruthenium red
and tetracaine (Fig. 3). Other n-alkanes tested had no
effect on the Ca*/ATP ratio.

it can thus be d that i imul the
Ca?*.channels of the Ca?*-induced Ca?* release sys-
tem. Evidence for this assumption can be derived from
the following facts. First, the TC fraction, which is rich
in Ca®* channels [9], is more sensitive to isooctane
than the LC fraction. Second, the rate of Ca?* releasc
by isooctane diminishes with a decrease in the concen-
tration of ATP which activates the Ca®*-channels of
TC [9). Third, the blockers of the caffeine-indnred
Ca®* release suppress the effect of isooctane. Une
cannot also exclude the possibility that isouctane, like
caffeine and halothane, induces the transition of the
Ca** release system to a state characterized by a high
affinity for Ca’* [4,12). The isooctane-induced de-
crease of the Ca?*/ATP ratio can also be explained in
terms of the Ca?*-channel activation.

The high specificity of isooctane in comparison with
n-alkanes sugjyests that the Ca®* release system com-
prises a hydrophobic cavity which is adapted to the
trimethyl group. The fill-up of this cavity with struc-
turally appropriate radicals results in the activation of
the Ca®*.channels. Fig. 4 shows that addition of ben-
zoylcholine (2.5 mM), a benzoic acid choline ester,
causes a decrease of the Ca?*/ATP ratio in the TC
fraction; this effect is blocked by rutheniuvm red. Ben-
zocaine, a p-aminobenzoic acid ethyl ester, which is
devoid of the trimethylammonium group, does not only
ducrease the Ca®*/ATP ratio, but, contraiwise, in-
hibits the caffeine-induced decrease of Ca>* /ATP.

One important finding of the present work, ie.,
Ca®* release from the TC vesicles under effects of
2,24-trimethylpentane, may be essential for a search
into ways and means of pharmacological influence on
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the SR Ca®*-channel function. It is probable that the
Ca?* release from SR under the influence of struc-
turatly complex cumpounds 18] is, in some cases, due
to hydrophobic interactions described above.
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