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To better understand the mechanism olintravellulir Cat™ mebiizatin, wause nocyles were microsinjeeted with vaged sinositol 14,5 trigphosphate
teaged-InsPy) together with the Cad® indicator Fluo-d tio Srredv e and monitor Cat® redistribution, Phatoereleased sty clivits [Caé')
N ]

changes exhibiting several kinetic phises and threshold beio,

Naplalt oscillations were induced after dosingle [nsh, pulse. Autaregeneritive

Cattotrmsients eould alse be induced by infections of Cad " itell, demnsteating uncguivoually the presence of a0 Caf “sinduced Ca? 7 -releiase
tevhanism in these cells,

Inositol 14,5 trisphosphate: Plash photalysis: Caletum ion, cytosoliv; Oscillittion; Oocyte (monse)

1. INTRODUCTION

AN increase in [Ca®");, often taking she form of
periodic oscillations, is commonly observed in it variety
of cells under different kinds of stimulation [3-5].
Neither their originating mechanism nor their physiolo-
gical role have yet been conclusively clarified, although
several models [6-8] have been proposed. Mammalian
aocytes represent a convenient cellular model known to
generate repetitive Ca**  spikes during activation
[9-11], probably mediated by InsP; [12].

The way in which oscillatory Ca?* changes are
generated in response to extracellular stimulation ap-
pears to involve two types of intracellular Ca?* sources
functionally defined as InsPs-sensitive stores, sites of
InsPa-induced Ca?* release (IICR), and InsPi-insen-
sitive stores, probably sites of Ca®"-induced Ca®*
release (CICR), although the existence of this latter pro-
cess in non-excitable cells needs to be more generally
assessed [13]. Appropriate feedback connections be-
tween these two kinds of store may originaie the spiking
behaviour [6,14,15].

Coupling of electrophysiological and microfluori-
metric techniques allows the testing of the presence of
both kinds of processes in the same single cell: the
cytosolic Ca?* concentration can be directly monitored
by Fluo-2 [16], while InsP3 is photolytically generated
and graded Ca®* increases can be produced by voltage-
driven Ca** influx.

2. MATERIALS AND METHODS

A single mouse occyte with an intact germinal vesicle (GV stage)
was internally perfused by means of a patch-clamp pipette connected
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W a conventional patehi-clamp amplifier [17). The pipettes (1.2 MQ
resistance) contiined (n mM) 140 RKCH 4 MaCle, 10 Hepes-KQH, pH
7.2, 1o which 100 @& Fluosd as Ca®* indicator {16,18] and 20 M
seiped' - hsPy (Calbiochemy were added. The external solution con-
tained (in mM): 125 NaCl, § KCI, 1.2 MaCla, 2 CaClz, 25 Hepes-
NuOH, o glucose, pk7.3, temperature 28-30°C, The light from the
150 W Xenon are lamp (Muller) wis passed through 4 narrow-band
interference filter centred vt 490 nn to exeite the fluo-3 Tuorescence.
Photolysis of caged TnsPywas induced by electronically changing the
filter for a controlled time with a broad-band UV-A filter, A light
guide connected the filter chunger to aninverted microscope equipped
for epifluorescence. The emitted light was collected by a high N.A.
objective (Nikon Fluor 40x) and measured by a photomultiplicr
(Cairn Research Lad Sittingbourne, Kent, UK). The amount of InsP,
produced, as estimated by a competitive binding assay (Amersham),
was only a small percent of the pipette concentration (between 10 and
100 nM) and approximately proportional to the flash duration,

3. RESULTS

Generation of small quantities of IsnP3 (10-100 nM)
revealed a ‘threshold’ behaviour of the Ca** transients
and also the existence of characteristic kinetic phases.
Thisis illustrated in Fig. 1 (left column): a 50 msec flash
caused only an almost undetectable Ca®* increase
(trace A); doubling the amount of photo-released InsP
with a 100 msec flash, induced initially a slow and
steady Ca®* rise which eventually triggered a larger
transient lasting for a few seconds (trace B); a 200 msec
flash (trace C) caused a more steep initial rise which ac-
celerated the generation of a larger and longer tran-
sient; the last trace (D) shows the response to a 400 msec
pulse consisting of an immediate and larger rise, fast
partial decline followed by a plateau phase, ending with
a steep decline phase,

A single InsP; pulse could also lead to the establish-
ment of sustained Ca?* oscillations. This is shown in
Fig. 1E and F which illustrates two ococytes in which a
400 msec light pulse triggered Ca? * transients similar to
that shown in Fig. 1D. In these two cells however, the
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Fig. 1. Ca® " responses induced by variable amounts of photo-released InsPy: o barely detectable Ca® ' inerease is caused by 4 50 msec thash in
(A) UnsP wreleasing flashes uppear as intterruptions in the fluorescence trace and are indicated by arrowheads); doubling the flash duration makes
the Ca™ level slowly increase towards the generation of a Ca® ' spike (B3): successive doubling of the fash duration elicits i * transients having
a lurger peak and ashorter tag (€,0); in the bottom trace a slowly declining platenu also appears, which is terminated by a fust descent to the basal
level, () a 500 msee flash in another oocyte caused the characteristic kinetic phiscs already seenin (12) followed by the occurrence of fast sustained
Ca** oscillations. (F) in another oocyte stimulited with a 400 msee flash the usual transient was tollowssd by slow frequency ascillations.
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Fig. 2. The process of Ca?* -induced Ca?* release may be activated in mouse cocytes by hyperpolarizing the cytoplasm for various times from

Vi = +20mVto ~150 mV (B bottom trace): Ca** entering through unspecific membrane leaks increases the Ca®* level almost undetectably

for the 0.1 and 0.2 sec pulses; the 0.3 sec pulse is just subthreshold, while the initial Ca®* rise due to the 0.4 sec pulse triggers an autocatalitic

Ca?* spike with a second slowly declining phase. A very similar Ca?* transient could be generawad in the same oocyte by photo releasing a super-
: threshold amount of InsP; (upper trace).
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Fig, 3. laterference of DusPy-induced with spontancous Cu** trausients. (A) original recording showing a spontancous transient (1), un

LisPy-induced transient (2); transient 3 was spontanceously triggered but atits peak a 100 msee flash wis applied; transient 4 was again spontancous

and the flash was given halfway during the decline phase. 10 (B) transients 2, 3 and 4 have been superimposed to the control spantancous transient

1 (plotted as a dashed line: transient 4 was alsa multiplicd by 1,13 to mateh the control amplitude), (€7) shows the indicated difference traves.
Holding potentiul ~ 350 mV.

Ca®* concentration, instead of stabilizing to the initial
level, began to oscillate at fast (E) or slow (F) fre-
quency.

The threshold behaviour of the InsPa-induced cyto-
solic Ca®* rises, illustrated in Fig. 1, suggests the
presence of a regenerative mechanism for Ca®* release
[19]. The presence of a Ca?* -induced Ca?* -release pro-
cess would provide such a regenerative mechanism in
oocytes. Fig. 2 shows that this is indeed the case. Here,
Ca?* transients could be induced in the same cell in two
ways: by photo release of InsP3, or by direct Ca®* in-
jections. These were done by applying strong hyper-
polarizing pulses of brief duration to allow Ca** entry
through unspecific membrane leaks. In the experiment
of Fig. 2, the oocyte was voltage-clamped at +20 mV
and Ca®?* transients could be normally induced by
photo releasing InsPs (Fig. 2A). The bottom trace in
Fig. 2B shows brief hyperpolarizations (to — 150 mV)
of increasing duration causing progressively larger
Ca?* elevations. These eventually triggered a full-sized
Ca®* transient with a time course very similar to the
one generated by InsPs.

The InsP; photo-release technique allows one to
repeat the stimulation after short delays to investigate

the ability of the cell to produce successive caleium tran-
sients. In the cell illustrated in Fig. 3 periodic Ca®*
oscillations were induced by a priming InsP; pulse
several minutes before, The top trace (A) shows spon-
tancous Ca** transients intermixed with InsPs-induced
Ca** transients. Three 100 msec InsPj pulses were
given at different times during the spontancous tran-
sients: just at the end (1), at the peak (II) and during the
decline (I11) of the spontaneous transients.

This recording was analysed in the following way: the
spontancous transient no. 1 was considered the control
transient and was subtracted from the test transients 2,
3 and 4 after alignment of the traces to make the peaks
correspond in time (Fig. 3B). Traces in C are the results
of the subtraction and show that (i) the InsPj-induced
transient is practically identical to the spontaneous one
(2-1), (i) an InsP; pulse at the peak of a spontaneous
transient is able to mobilize some more Ca®*, although
at a strongly reduced rate (3-1) and, (iii) an InsP; pulse
during the decline phase of a spontaneous transient is
able to generate an almost full-sized Ca?* transient
4-1).

The experiments reported here were normally per-
formed under a voltage-clamp, different from the case
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of human fAbrobliasts {17] No effeet of the membrane
R ‘

potential could be detected and the Ca " responses

could be induced also in current-chiump conditions,

4, DISCUSSION

The vesults illusteated above demonstrate that mouse
oocytes possess intraccllular stores that are able to
discharge Ca®* ions in the cytoplasm in response to
sy and to Ca*’ dtselt. The kinetics of the TnsPi.
induced Ca* ™ release show complex phases that can be
matehied by the Cat ' induced Cat* release (see Fig, 2).
Morcover, the time course of the spontancous oscilli-
tions is icentical to that of the IsnPi-induced Ca*”
transient (Fig. 3). Then the role of the InsPa-induced
release of Ca*™* appears to be that of gradually raising
the Ca*” level up to the point where Ca*’ -induced
Ca** release is triggered.

These observations, therefore, produce evidence sup-
porting the oscillatory model of {8, 14] which is based on
the interplay between InsPi-sensitive and Ca?*-sen-
sitive stores. However in order to produce oscillations,
this model requires a continuous generation of InsPy,
which does not appear essential in the experiments
shown liere (see Fig. 1). A possible explanation of this
result is that another feedback loop involving [usPa ex-
ists, i.c., if Ca** could act bv enhancing the activity of
phospholipase C [19,20], then a cross activation of
InsPa and Ca** could be established, leading to an
oscillatory behaviour {7].

It is important to note that usually sustained Ca®*
oscillations arose at the moment of the rapid re-uptake
phase ending in a plateau, as illustrated in Fig. 1. This
may suggest that loading of a particular Ca** store is
the specific triggering event for oscillations.

A last point which deserves to be commented upon is
the ability of the cell to produce repetitive releases of
Ca?*, even at very short stimulation intervals. This in-
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dicautes that the CICR positive Teedback s not ter-
minated by depletion of avaituble Ca® * and therefore it
appenrs seeessity to hvpothesize the existenve of o
spontineous  inactivation  provess of the  CICR
mechanisin,
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