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Release of Cu** from intrac:!lular stores was visualised in individual neutrophils 1in the presence of the Mn® or SKF 90365, Influx of Mn™ quenched

fura-2 close 10 the plasma membrane but did not quench fura-2 at the sile of store release The size and location of the ‘eloud’ of elevated Ca?*

was unalTected by the ehannel blocker SKF 96365. Furtheimore, the size and loralion was unaflected by the presence of exiracellular Ca®*. This

dissoeiation of Lransmembrane influx fromm slore release demonstrates that the entry of Ca®" into the eytosel of neutrophils eceurs direetly into
the eylosol and not via he sloie site,

Neuuaophil; Ca® slore; Ca?* cloud; Ratio imaging
g

1. INTRODUCTION

Cell imaging has revealed that f-met-leu-phe (fmlp)
produces an inerease in free Ca** throughout the cytosol
of human neutrophils [1]. Two hypotheses have been
proposed; firstly that the entry of extracellular Ca**
occurs direclly into the cytosol via Ca** channels on the
plasma membrane [2], and secondly that Ca®* entry into
the cytosal occurs only from intracellular stores de-
pleted by IP; [3].

In neutrophils, two features support the latter hy-
pothesis. First, in the absence of extracellular Ca?*, a
“cloud’ of elevated cytosolic Ca®" is observed, presuma-
bly as a result of release from intracellular stores [4].
Second, in the presence of extracellular Ca*", a “hotspot’
of locally higher Ca™ is not observed at this site {1.4],
consistenl with entry of Ca’" oceurring via the emptied
store. However, the inability to detect store release,
which is swamped by transmembrane influx [4,5], has
prevented the lesting of these hypotheses further.

Here, we report two strategies which enable internal
siore release of Ca® 10 be dissociated from transmem-
brane influx in the presence ol extracellular Ca**. Re-
lease of Cu®" from the store was visualised in the pres-
ence of the fura-2 quenching ion, Mn?' [6] or by block-
ing the receptor-mediated Ca* channel with SKF 96363
[7]. Our data does not support the hypothesis that entry
of extracellular Ca*" oceurs via the store. Furthermore,
under either condition, extracellular Ca™ did not signif-
icantly influence ihe characteristics of thu uytosalic Ca®*
‘cloud’. Thus, transmembrane influx of Ca** in neutro-
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phils played no sigrificant role in the generation, loca-
tion or magnitude of the fmlp-proveked Ca®* release
from the intracellular store.

2. MATERIALS AND METHODS

2 1. Materils

Fura-ZAM and pluronic F-127 were purchased from Moleculur
Probes, Oregon, USA: {mlp, EGTA and manganese chloride were
[rom Sigma Chemucals. Poole, Dorsel. SKF 96365 was a kind gift from
Dr. P. England, Smuth Kline Beechamy Pharmaceutieals, Welwyn,
Herts.

2.2. Newrophil ssokuion

Meutropluls were isolated from heparinized blood of healthy volun-
teers as descrbed previously [1] and resuspended in Krebs bufler (120
mM NacCl, 4.8 mM KCl, 1 2 mM KH,PO,, 1.2 mM MgSQ,, 1.5 mM
CaCls, 25 mM HEPES and 0.19 bovine serum albummn (adjusied o
pH 7 4 with NaOH)

2 3. Measurement of eyoselic Ca'~

Neutrophils were 1oaded with [ura-2 and population and imaging
measurements performed as previously deseribed [1,4.5,8). Excitalion
wavelengths were selecled using monoehromaters (Spex, Glen Spec-
tra, Stanmore, UK).

3. RESULTS

3.1. Intracellular store release after SKF 96365

In order 1o visualise Ca®* release from stores in the
presence of extracellular Ca*, influx of divalent ions via
receptor-operated Ca** channels was blocked by SKF
96365 [7). Mn*" in the extragellular mediwm enabled
entry of divalent ions to be monitored by ihe fura-2
quenching [6]. Blocking of transmembrane influx of di-
valent ions was demonstrated Dy prevenlion o' Mn®*
quenching (Fig. 1A), yei an elevation of cytosolic free
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Fig. 1. Store release after SKF 96365, (A) Ca® (340 nm) and Mn®* (360 nm} sensitive finorescence form neutroplul popdlations. {B) Cytosalic free
Ca?* imaged in an mdridual neutrophil in the presence of SKF 96365 (100 A0}, (i) aL rest, (1)) 20 s after addition of SKF 26365, and 7 s, 14 s,
21 5, 28 s and 35 5 alter fmlp ¢b indieated,

Ca® remained, indicating release from intracellular
stores (Fig. 14), in agreement with a previous report [7).

Imaging of the neutrophils, under these conditions
revealed a discrete and localised ‘cloud’ of elevated Ca®"
(Fig. 1B) with similar spatial characteristics to those

Table ]

The % area of the cell ceeupied by the Co* ‘cioud” and the mean
maximum cytosohe free Ca® concentration within the ‘cdoud’

% Aren Ca* (oM)
+Ca+8KF Nrio 472 1 23
~Ca+SKAEQTA 9t 16 AGH + D}
+Ca+MaCly B 520 + 42
-CurEGTA 22z i 435 5 44

Mesn £ 8.E., n = 8, are shown. For this analysis o *cloud’ was definecd
as the area in the cell with 4 Ca* copcentration greater than 250 HM,
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observed under other conditions (Table I). In 37% of
neutrophils examined, SKF 96365 iiself provoked a
‘cloud’ of elevated Ca®". Subsequent stimulation with
fmlp released Ca® from the same site, suggesting an
interaction of SKF 96365 with the fmlp releasable store.
This interaction iay aceount for the small inhibition
and the slowing of finlp-induced release observed in the
presence of SKF 96365 (Fig. 2B). However, the kinetics
of release of Ca*' from the store and removal from the
cytosol were unaffectad by the absence of extracellular
Ca®" (Fig. 2A). This indicated that no entry of Ca?* into

-—d

Fig. 3. {A4) Fum-2 Huorescence (340 nm nad 360 am), (B) The mtracel-

Iulr distnounion ol eytosohe freg Cu® within wnoindividual seunophl

under the samg senditions shown as pseudo 3D plots: () at rest, (i)

7 5, (i) 14 » and (v} 21 s after fmlp, and {v} 7 5 and {v1} 14 s after
fonomycin,
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Fig 2. (A) Time course of release from intraceliular Cu** store in individual neutrophils (« = 8, ¢ &.E.) following incubatien with SKF 96365
{50 4M) 1 the presence and absence of extracellular Ca. (B) In absence of extracellular Ca*" and SKF 96365,
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the cytosol (or stere) occurred other than via channels
inhibited by SKF 96365.

3.2, Visualisation of Mn” influx and intracellutar Ca™
release from siores

Since both Ca* and Mn*" entry occurred via chan-
nels which were inhibitable by SKF £6365, the route of
divalent jon entry was visualised using Mn** quenching
of fura-2. Under these conditions, a transient localised
*cloud” of elevation in 350/380 nm ratio was observed,
indicating that a rise in cytosolic free Ca* occurred
(Fig. 3A.B). No quenching by Mn** was observed at the
site of’ elevated Ca**. Quenching of the fluorescence by
Mn** was however visualised as a decrease in cell size,
as the intensity of fura-2 at the cell edges fell below the
raticing threshold. The magnitude, kinetics (Fig. 4) and
spatial characteristics were similar to those found previ-
ously in the absence of extracellular Ca** [4,5] (TableI).
Due to the decrease in apparent cell size, the % area
occupied by the ‘cloud’ in the presence of Mn™ may
have been overestimated. The addition of ionomycin
produeed a smaller rise in cytosolic free Ca®* concentra-
tion at the same site (Fig. 3A,B). before measurement
was prevenied by total quenching of the fura-2 signal
by Mn**,

4, DISCUSSION

The data presented in this paper demonstrate that
transimmembrane influx of divalent ions into neutrophils
occurs directly into the cytosol, via channels which are
irhibited by SKF 96363, and not via an internal store,
The entry of both Ca® and Mp* ions into the cytosol,
detected by fura-2 flucrescence enhancement and
quenching respectively, was inhibited by SKF 96365.
The failure of Mn** to quench the signal generated by
release of Ca® from the internal store, demonstrates
that Mn* does not enter the cytosol via the organelle
from which Ca* was released. Since the presence of
extracellular Ca** did not influence the magnitude and
spatial charaeteristics of the cloud generated in the pres-
ence of SKF 96365, it was concluded that Ca* influx
into the eytosol occurred exclusively through channels
inhibited by the agent. Therefore, as no evidence for
Mn*" entry via SKF 96365-inhibited channels into the
cytosol via the store site was found, it was also con-
cluded that Ca*" entry into neutrophils similarly does
not proceed via the intracellular store. Furthermore,
extracellular Ca** played no role in the kinetics or in
determining the magnutude of released Ca®' from Lhe
stcre, These results thus do not support the original
mode! proposed by Putney (3], or the modified model
proposed by Rink and Merritt [¢], and Irvine [10]. They
are, however, more in keeping with the recent proposa!
of Putney [11] where transmembrane influx and empty-
ing of the intraccllular Ca*" store are not physicully
linked and refilling of the store oceurs from the cytosol
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Fig. 4, Release of [mlp-stimulated intracellular Ca®* store in individual

neutrophils in the presence and absence of extracellular Ca*™, and

Mn?*. The figure shows the Ca® concentration within the Ca™ *cloud’
measured within a series of neutrophils (n = 8, £ 5.E.),

rather than the external medium, ln this latter model it
is the emply store which signals the opening of Ca®*
channels on the plasma membrane.

Localised elevations in Ca*" have been observed in a
number of cell types. including adrenal medulla cells in
response to 1P-generating agonists [12,13), dendritic
spines [14,15], and in fibroblasts [16], in neutrophils and
fibroblasts both being located to a site near the nuclens
whirl stains with DIQC(3) [4,16]. The storage and han-
dling of intracellular Ca®* in these cells may thus be
similar. [n some cell types, a second Ca* store whose
release is regulated by cytosolic free Ca?* concentration
also exists [12,17-19], However, here the release of Ca®*
from the store remained localised, suggesting the ab-
sence of Ca*"-induced Ca*" release sites in neutrophils.
Several possibilities for the role of store release in neu-
trophils exist. Emptying the store may signal opening of
channels on the plasma membrane, as suggested by the
association of transmembrane influx to emptying of the
intracellular stores by thapsigargin, 2,5-di-(tert-butyl)-
1,4-bydroquinone and cyclopiazonic acid [20]. In con-
trast, it is possible that some physiological stimuli only
release Ca®" from this store providing a mechanism of
localising the response to one part of the celi, such as
may occur during chemotaxis and phagacylosis [4].
Further progress in establishing the role and regulation
of the intracellular store may be made with methods for
monitoring the Ca® within the stores of living cells,
using endoplasmic reticulum targettad Ca®**-activated
photoprotein [22]. Since changes in the amount of re-
leasable Ca®" in the slore may have profound sffects on
cell behaviour, the finding that neutrophils from inflam-
matory sites have an increased Ca®' cloud [21] may
therefore be important for an understanding of the be-
haviour of neutrophils during the inflamrmatory proc-
ess.
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