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a calcium storage site, by showing that 
Ca 2 + accumulation occurs even at low 
Ca2+ concentrations at which mitochon
dria cannot accumulate calcium or when 
mitochondrial calcium uptake is in
hibited 10•15. Thus ERin liver cells, synap
tosomes and macrophages has been 
shown to accumulate Ca2+ at the low con
centrations required of a physiological 
regulator. A more direct approach has 
been to visualize, through electron 
microscopy, sometimes combined with 
electron-probe X-ray microanalysis, the 
deposits of calcium (or strontium, which 
acts as a more electron-opaque substitute 
for calcium) oxalate in the ER of synap
tosomes5, squid axons 13, photoreceptor 
cells 16 and endothelium 17• 

For the ER to regulate cell Ca2 +,it must 
have not only a mechanism of calcium up
take, but also one of calcium release. On 
stimulation of cells by hormones or trans
mitters, the signal for Ca2 + release may be 
mediated by a change in the properties of 
the surface membrane, most commonly de
polarization, and/ or by a diffusible intra
cellular second messenger. The feasibility 
of the first mechanism is suggested by the 
close (about l0-20 nm) proximity of ER 
subsurface cisterns to the plasma mem
brane. These structures, which resemble 
the 'surface couplings' of cardiac, smooth 
and some skeletal muscles, have been 
observed in some non-muscle cells 18-20 and 
may be present in all eukaryotic cells. There 
is also evidence that electrical stimulation 
of the surface membrane of fibroblasts, 
known to contain subsurface cisternae, can 
release calcium from an intracellular 
source, probably the subplasmalemmal 
ER 20. The second possibility, that an endo
genous intracellular messenger releases cal
cium from the ER, has recently received 
strong support. Thus in pancreatic cells21 , 
in isolated hepatocytes 22 and in insulinoma 
cells 23 , a phosphatidylinositol metabolite, 
inositol trisphosphate, has been shown to 
release intracellular Ca2+ from a non
mitochondrial site, presumably the ER. It 
was further observed that caffeine releases 
intracellular Ca2 + from a non-mitochon
drial source in rat nerve cells24, reminiscent 
of the caffeine-induced Ca2+ release from 
the SR of skeletal muscle25 . Caffeine
induced Ca 2 + release from the ER has also 
been observed in macrophages8, but not in 
liver 15. 

The first inkling that mitochondria 
might not have a significant role in the 
regulation of cytoplasmic Ca 2 + followed 
the observation that, in the presence of 
physiological Mg 2 + concentrations, the af
finity of isolated mitochondria for Ca2+ is 
too low26. In the normal cell, Ca2+ fluctu
ates, at most, from 5 X w-s to 5 X w-6 M 
between rest and maximal activation, while 
theCa 2 + concentration required for a half
maximal rate of calcium transport by mito
chondria is I0-5 M or higher 17 ·26• Further
more, in intact cells, the calcium content of 
mitochondria is relatively low compared 
with that of the SR and even after sustained 

increases of Ca2+ within the physiological 
range in maximally contracted muscle, 
mitochondrial calcium content is not in
creased 17. On the other hand there is no 
question that in the presence of inorganic 
phosphate (Pi), mitochondria can ac
cumulate massive amounts of calcium and, 
perhaps, become initial sites of pathologi
cal calcification when cell Ca2 + (and Pi) 
rises to abnormally high levels due to cell 
damage. In injured cells, mitochondria 
may serve as the final low-affinity/high
capacity buffer for Ca2 +, and moderate 
loading of mitochondria by Ca2 + may be 
an alternative to cell death. It remains to be 
shown that such cells survive and that mito
chondria can discharge their excess Ca 2 + to 
the extracellular space via the various sur
face-membrane-mediated calcium trans
port mechanisms that must ultimately 
maintain the steady-state calcium content 
of cells. One candidate for a naturally oc
curring 'transmitter' that can release mito
chondrial calcium has been identified: 
sodium can discharge calcium from mito
chondria isolated from heart, brain and 
skeletal muscle, although not from liver, 
kidney and smooth muscle mitochondria2. 

What, then, is the physiological role, if 
any, of the complicated mitochondrial cal
cium transport system so passionately pur
sued by biochemists for nearly 20 years? 
One possibility is that, although mitochon
dria do not have the capacity to regulate 
cytoplasmic Ca2 +, they themselves can 
respond to changes in cytoplasmic Ca 2 + 

concentrations by producing very small 
changes in the Ca2+ of the mitochondrial 
matrix space 27. A number of the mitochon
drial enzymes (dehydrogenases) are sensi
tive to Ca2+ in the range 0.1-lO 1-1M. 
Therefore, small changes in mitochondrial 
Ca 2 +, achievable by even a relatively ineffi
cient (low-affinity) calcium transport sys
tem, could have important effects on oxi
dative metabolism. 

While far from complete, the case (even 
in plants) for the ER as the major intra
cellular regulator of Ca 2 + has clearly 
become much stronger during the last few 

100 years ago 
ARRANGEMENTS have been made by the Council 
of the Scottish Meteorological Society for the 
completion this season of the Observatory of 
Ben Nevis. The first portion of the Observatory 
was, it may be remembered, opened in October 
last, and since the observers went into residence 
continuous hourly observations have been made 
of the conditions of the atmosphere at the top of 
the Ben, with special reference to temperature, 
pressure, humidity, and motion. From the dis
cussion of these, and what were daily made by 
Mr Clement L. Wragge in the summers of 1881 
and 1882, by the Secretary, Mr Buchan, the 
Council have been fully confirmed in the high 

years. The lumen of the ER communicates 
with the perinuclear space where, in some 
instances, high concentrations of calcium 
(or strontium) have been demonstrated. 
Perhaps an ER system, capable of accumu
lating calcium against a gradient in the 
nuclear membrane, was acquired with the 
nucleus when cells became eukaryotes. 
Unfortunately for biologists, living sys
tems often evolve to use different struc
tures and mechanisms to solve the same 
problems (photoreceptor systems and con
tractile regulation are but two examples), 
and grand unifying schemes with funda
mental principles applicable to 'all 
cells' are rare. In the regulation of cell 
Ca 2 + by the ER in all nucleated cells, we 
may have a rare example. D 
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expectations they had formed concerning the 
value of a high-level station, both in its bearing 
upon general meteorological problems, and also 
with reference to possible forecasts for the 
British Islands. The additions to be made to the 
Observatory will just double its size, and enable 
the three observers- who during the winter have 
been considerably cramped in their one apart
ment - to work under more comfortable con
ditions. On the south of the present doorway 
there is to be erected a shelter for tourists. The 
estimated cost of the completion of the 
Observatory will be 8001., which is, however, 
irrespective of a heavy item of charge for con
veying on horseback the materials to the top of 
the hill. It is understood that the cost of equip
ment and maintenance of the Observatory 
heretofore has been heavier than was antici
pated. The directors intend shortly to make a 
fresh appeal for funds to the public, which will 
no doubt be as liberally responded to as was 
their last. 
FromNature30, 179, 19June 1884. 
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