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Ae~affo~ by ICa?+h of Ca±÷-sensitive K + ehanneh has long been Imown to came dehydration of red cells 
suspemled in low-K, plasma-like media. However, the fundamental question of the extent to which Ca influx 
must be increased to trigger dense cell formation in eoudhRions likely to arise in the circulation has not been 
established. We report here that in ionophore pen~abiIized red cell& hlclmasing Ca inllnx above 0.7 
mmol/ l i t re  ceils per h induces the formation of sublmpulafions of dehydrated mils within 1-2 hours. The 
presence or absence of glyeolytle suhalrotes had IRtle effect suggesting that ATP depletion was not large 
enough to sigaifiumtly inln'bit the pemp wilhtn that peHnd. Below maximal ~eh~dratinl Ca inflz~es of 
1.2 mmol/ l i t re  cells per I~ the trend was for the fraction of dense celia formed to remain steady in time. As 
Ca influx was increased, both tim rate of dense cell formation and the fraction of dense cells formed 
increased. These results are analyzed in relation to mechanisms and to possible states of ima'eased Ca z'~ 
permeabltlty in physiological and physlopathologieal conditions. 

lntrmlactien 

Ca 2+ permeabilization of red cells in r ive has 
been suggested to occur under normal and 
abnormal conditions, but was only convincingly 
demonstrated under certain abnormal conditions 
[1,2]. Shear stress in the microcirculation, and the 
process of normal red cell senescence were claimed 
to ~ u r  with states of increased Ca 2+ permeabil- 
iw [3-6]. In sickle ceil anaemia, the elevated red 
cell [caT]z ['/,8], mostly accumulated by inward 
transporting Ca 2 + pumps within endocytic vesicles 
t9-11], documents past episodes of intracircula- 
t o ry  C a  2+ permeabilization with transient in- 
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creases in [CaZ÷]i. More recent evidence suggesls 
that these transient [Ca2+]i htcreases may also 
activate the K + channels of some cells and cause 
their dehydration [1,2]. This is important and a 
subject of intense research because such a mecha- 
nism may explain critical steps in the physiopa- 
thology of sickle cell anaemia, where the presence 
of dense and irreversibly deformed red cells (ISCs) 
is thought *.o participate irL va,~3cclusive episodes 
respons;.ble for ~he main symptoms in this disease, 

What has not been investigated yet is the more 
general and basic question of the precise level of 
Ca :* permeabilizafion required to trigger dehy- 
dration of normal red cells through K ~ charmel 
aedvatlon in plasma-like media. Aside from its 
intrinsic interest, this investigation represents a 
necessary ' normal cell calibration" for comparison 
with the results in abnormal red cells. The results 
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presented here show that iouophore-induced Ca 
influxes representing less thm~ 3% of the maximal 
Ca extrusion capacity of the Ca 2+ pump can gen- 
erate subpopulations of dense cells, as dense as 
ISCs, within one hour of Ca 2 ÷ permeabilization, 
that dehydration of all cells is readily obtained 
with only twice the threshold influx, and that 
below maximal response different cells show dif- 
ferent degrees of dehydration and tend to remain 
p~.rtia!ly dehydratecl de~-pite sustained Ca ~+ 13er- 
meab'dization. 

.Matet~s and Method_s 

Blood was obtained from the blood bank (less 
than two weeks old) or from healthy volumoers by 
venipanetttre into hepaKa-containing syringes. The 
cells were washed four times in a medium (solu- 
tion A) containing (in mM): NaC], 145; KC1, 3; 
Tris-HCl or Itepes (pH 7.6-7.7 at 37°C), 10; 
MgCI2, 0.2; EGTA, 0.1. The buffy coat and top- 
most c.ell layer were removexl after each wash. The 
remaining washed red cells were resuspended at a 
10% haemat0erit in solution A bat with only 20 
/tM EGTA. When present, the external concentra- 
tions of glucose and iuosine were 10 mM and that 
of iodoacetamide, 6 mM. The cell suspension was 
preincubated at 37°C for 15-31) rain. Ionophore 
A23187 was added to this suspension from cow 
centrated stock in ethanol or dimethyl sulfoxide 
(DMSO) to give the reported final concentrations. 
Two to five minutes after ionophore addition 
aliquots of the ceil suspension were distributed 
into magnetically stirred tubes containing con- 
centrated Ca 2÷ solutions to give the different in- 
tended final Ca 2+ concentrations. Time zero for 
each condition corresponded to the initiation of 
the Ca influx, at the moment of mixing the Ca 2÷ 
permeabilized ceils with Ca 2+. At the indicated 
times, 50 pl samples of each suspension were 
added to 1.5 ml nominal capacity plastic micro- 
fuge tubes containing 0.95 ml of solution A and 
0.4 ml of phthalate oils, at room temperature, and 
rapidly spun for about i rain at 14000 × g. It was 
important to perform the density separations at 
about 2O°C shace the viscosity of the denser 
p~th-,date oils is increased at tower temperalures 
and this reduces the fraction of cells which could 
traverse the ell within eonvenienl spinning times. 
After the spin, the fluids and cells on top of the 

cell pellets were aspirated, the tube walls dried 
and cleaned with cotton swabs, and the cells in the 
pellet lysed in 1.4 ml of Drabkin's solution for 
haemoglobin measurements, The phthalate oils 
used were dibutylphthalate of relative density 
1.042, through which all cells would spin, diethyl- 
phlhalate of  relative density i .1i7-1,I18,  through 
which only cells that have lost over 36% of  their 
original K content [3,12] would spin, and mixtures 
prepared ad hoc to give intermediate densities as 
illustrated in the experiment of Fig. 3. The 
haemoglobin in dense cell pellets was divided by 
the total haemoglobin in dibutylphtlaalate pellets 
from comparable samples in order to calculate the 
reported tractions of  dense cells. This automati- 
caly corrects for lysis since the haemoglobin in the 
dense cells is referred to that in unlysed ceils at 
each time. 

To measure lh¢ ionoph0re-induced Ca influx 
responsible for dense coil generati0a it was neces- 
sary to inhibit the Ca2+-pttmp zaodiatcd fluxes. 
Pump inhibition was aehloved by depleting red 
ceil ATP by preineubation with inosine and 
iodoacetamide, as described previously [13]. The 
ATP-depleted cells were resuspended in similar 
conditions to those used for Ib.¢ normaI-ATP cells 
except for the presence of  45Ca (specific activity 
about l0 T cpm//tmol) .  Ca influx and Ca-induced 
changes in density distribution were always mea- 
sured in parallel in cells from the same batch, as 
illustrated in the experiment of  Fig. 4. At selected 
times, 50 pl samples were dofivered to mierofuge 
tubes with solution A and dibutylphthalate oil as 
before but at 0~C to prevent loss of Ca from the 
cells through residual ionop,ore  permeability (cell 
pelleting through dibutylphthalate is not reduced 
at low temperature even during short spins [14]. 
The Ca content of the cells was determined by 
measuring the 4~Ca activity in triehloroacetic acid 
extracts of the cell pellets [24,14]. 

Results 

Preliminary experiments such as that of Fig. 1 
indicated the range of  ionophore and external 
Ca :+ concentrations required for submaximal 
dense cell formation using the density of diethyl- 
phthalate oil (1.117-1.118) as the eat-off point. 
The results in Fig. 1, with inosine-fed red cells 
from five different donors, are representative of 
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six similar e x p e ~ e n l s ,  The ionophore c0ncentra- 
tiDn in the suspension used was 0.1 ~tM, equiv- 
alent to about 1/~mol/fi~re ceils [15], The external 
Ca 2+ concentration range in which dense ceils 
formecl was 30-500 pM. At submaximal dense 
cell formation the fraction of dense cells levelled 
off in time and showed no tendency to t he  pro- 
~essively to maximal levels. The lowest measured 
steady den.~e celt fractions were reached in 90-120 
min whereas the highes~ were attained in less than 
30 mln. The maxLraal f~a~tion of  dense cells formed 
comprised 80 to 1009~ of  the cells in samples from 
different donors. Increasing the eatcmal Ca ~+ 
concentration increa~d both the rate of dense ceil 
formation and the final fraction of dense cells. In 
comparable conditions, the fractions of dense. ,.ells 
vaxied .somewhat among cells from different 

donors, in all, however, despite regular incr~raents 
in external Ca 2+, the distribution of  sabmaximal 
imermcAiate curves was such that few could be 
found in the middle range, suggesthlg that the 
range of  Ca influx, from minimal to maximal 
effect, is rather narrow, and that the i'e.~pofl..~ to 
such influx is non-linear. The steepness of the 
response is illustrated in Fig. 2, drawn using the 
maximal dense cell fractions from each of the 
curves in Fi$, 1. 

Under  conditions of  rapid and high dense ceil 
foa-mation~ the fraction of dense ceils showed a 
variable ~eadency to decline with Lime (Figs~ 1, 4a 
and 6, but see also Fig. 3), probably due to both 
time and Ca~+.dependent ['ysis of ionopharc- 
treated cells []6]. Lysis was allowed for in the 
present experiments (see Methods). Prelytic re- 
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swelllng of so, me of the shrunken cells or activa- 
tion ~I" Na influx through the Na+/H + exchanger 
by the increased [CaZ+]i and the lowered internal 
pH within the shrunken cells may also contribute 
to explain the observed decline [12,17,18], but this 
was not investigated here. 

Formation of dense cet~ L-, the experiment of 
Fig. 1 was followed with reference to a single 
arbitrary density cut-off point+ In the experiment 

of Fig. 3 the Ca2÷-induced changes in cell density 
were measured for three density cut-off points. 
The results show that the dense cell fraction 
formed at each Ca influx is larger the lower the oil 
density used for separating dehydrated cells. This 
indicates the existence of intermediate density 
shifts which persist in time, suggesting that the 
increased Ca influx generates stable subpopula- 
tions of cells with different level~ of dehydration. 

The precise relation between cell ionophore 
eonee~tra.*~on ~nd ,~nopborc-induced Ca influx 
was determined in the past for ATP-depleted c~I]~ 
suspended in high-K media, in ¢ondifioe, s which 
prevented cell voinme and lea composition 
changes [19,20]. A roug~ ,~sfimate of the likely Ca 
influx r~mge in ~[zc experiment of Fig. 1 based on 
the ¢quilib;ium measurementa suggests that dense 
ceils may form when Ca influx is as low as 0.2-0.5 
mmol/litrc cells per h. "Ibls is far below the 
saturated Ca2+-pump extrusion capacity (approx. 
30 mmol/litre eels per h [21]), and only 4-10-times 
the physiological Ca influx (approx. 50 pmol/litre 
cells per h [22])+ In conditions in which Ca2+-per . 
meabilized cells become dehydrated, the relation 
between cell ionophore concentration and Ca in- 
flux has not been investigated. Since the iono- 
phore is a strict Ca :+ /2H + exchanger [23], and 
the proton concentration ratio increases in dehy- 
drated ceils [3,12,14,21,24,25], Ca influx and the 
final |Ca2+l~ level may be expected to be higher in 
dehydrated cells. It is therefore important to di- 
rectly measure Ca influx in low-K media. 
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This was done in the experiments illustrated in 
Figs. 4 and 5. CaZ+-induc~ dense cell formation 
(Fig. 4a) and Ca influx (Fig. 4b) were determined 
in parallel in the same cells. Ca influx was mea- 
sured after ATP depletion. Otherwise, the condi- 
tions were the same as thos© in the experiments 
shown in Fig. 1. Tke results in Fig. 4b report 
initial Ca influx values of between 0,7 and 1.2 
mmol/l itro ceils per h for th© range of Ca 2+ 

concentrations spanning minimal to maximal levels 
Of dense cell formation in the inosine-fed cells 
(Fig. 4a). 

Ca influx was simultaneously measured in high. 
K and [ow-K conditions for ¢omparison (Fig, 5), 
.'~" i~nophore and initial external Ca 2+ con- 
centrations were identical for both groups. At 
comparable external Ca 2+ concentrations, both 
the initial Ca influx and the final cell Ca 2+ con- 
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t~tit were higl'~r in the low-K conditions. Ca 
influx in iow-K media was about twice that in 
eqnilibrium conditions. The detailed mechanism 
of these differences ~-* well as the study of both Ca 
influx and cytoplasmic Ca buffering is outside the 
scope and aims of the present work, and will be 
reported separately. The relevant result here is 
that Ca influx in low-K media is at most only 
twice that in equilibrium conditions. 

In two pilot experiments using "*SCa, it was not 
possible to detect any significant increase in the 
mean total Ca content of dehydrated cells ([CaT]i) 
expos,~ to ionophore induced Ca influx in any 
submaximal condition (not shown). With the pre- 
cision of such measurements [14,241 [CaT]i must 
have increased by less than 1 /xmol/litre cells. 
This means that the Ca ~+ pump sustained a 
pump-leak baianee with minimal total Ca gain in 
all but maximally permeabilized cells. This is in 
line with the low Ca influx found to be required to 
form dense cells, hardly a challenge to the Ca 2+ 
pump in fed cells. With a Ca~+/ATP stoichiome- 
try of about 1 : 1 [26,27], the increased ATP con- 
sumption by the Ca 2+ pump required to balance 
the ionophore-induced Ca influx, of up to about 
1.5 mmol/l i t re cells peJ ]l, may however pose a 
small metabolic overload on the normally sluggish 

gtycolytic metabolism of the red cells. The extem 
to which this may affect dense cell formation was 
investigated in the experiment illustrated in Fig. 6. 
The fractions of dense cells formed at different Ca 
influx in the absence of snbstrates, were compared 
with those formed in the presence of ghiense or 
inoaine. The protocol was otherwise identical to 
that of Fig. 1. The results show that the presence 
or absence of substrates has little effect on the 
range of Ca influx able to generate submaximal 
dense call populations, and that, within the three 
hour period during which dense cell formation 
was followed, there was no late tendency for the 
fraction of dense cells to increase. There was a 
minor trend to form higher fractions of dense cells 
at comparable influx in glucose relative to inosine, 
and slightly more, in the absence of substrate 
relative to the conditions with glucose or inosine. 
This, and the stability of the submaximal fractions 
of den.~ cells formed, suggest that whatever the 
effect of substrate presence or absence might be, it 
oeeui~ initially, and does not intensify within the 
three hour period explored. 

Discussion 

The present results offer a first characterization 
of the conditions required for submaxlmM Ca-in- 
duced dehydration. The main findings are (i) that 
for dense cells to form within 1-3 h of Ca permea- 
bilization, sustained increases in Ca influx of about 
0.7 mmoi/ l i t re  cells per h are required, (it) that 
maximal dehydration is elicited when Ca influx is 
increased further to about 1.2 mmol/ l l t re  cells per 
h, and (iii) that as Ca influx is increased within 
this range both the rate of  dehydration and the 
fraction of  cells within each density fraction in- 
crease. At submaximal Ca influx each dense ceil 
fraction formed would tend to remain stable in 
time. This means that despite uniform increases in 
Ca influx, different cells dehy~ate  initially to 
diffea'ent extent and then tend to remain in a 
partially de, hydrated state. 

The dehydration process investigated here rep- 
resents a complex multistep reaction [26]. The 
sequential steps in Ca2*-induoed red cell dehydra- 
tion are: (i), increased Ca influx, (it) increased 
[Ca2+L, (iii) activation of Ca2+-sensitive K "  chan- 
nels, (iv), net loss of K, largely with an aecompa- 
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nying diffusible anion, but partly also in exchange 
for protons [3,12], and (v), loss of a slightly al- 
kaline, hypertonic fluid [3,12]. We may now at- 
tempt to interpret the present results in terms of 
the information they provide on some inter- 
me.clinic steps of the dehydration process, as it 
may occur in physiological conditions. 

It is possible to estimate the pump-leak steady- 
state value of [Ca2+]i in the Ca influx range whet© 
submaximal dense c¢11 fractions were generated. 
Ca efflu× through the Ca z+ pump in the physio- 
logica] [CaZ+li rang0, far below saturation kinet- 

ics, was found to be adequately described by the 
equation [22] 

Ca etflux = ,~([Ca :+ Ij 2 

In pump-leak steady-slate, by definition, 

L = ~. ([Ca 2 + ],)~ 

where L represents the inward leak flux of Ca. If 
L' represents the innophor¢-induced Ca influx in 
which dense cells are formed, and L and [CaZ#]i 
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the physiological Ca influx and [Ca2+]i level, re- 
spectively, we may estimate [Ca2--]~, the increased 
[Ca2+Ii expected in the measured L'  range from 

iC.~+ If - (L ' /L )  1"° "l ca=+ [t 

With values of L',  L and [Ca2*], of 0.7 to 1.2 and 
0,05 mmol/litre cells per h, and 10 to 30 nM, 
respectively, as obtained from ReL 22 and from 
the present results, the predicted increased [Ca2+]i 
would be in the range 40 to 150 nM. This means, 
for instance, that in cells with physiological [Ca2+]i 
levels around lfl riM. and in the present experi. 
mental conditions, minimal dehydration may be 
triggered by a [Ca2*]i rise to about 40 nM, and 
maximal dehydration by a further [Ca2+]i rise to 
about 50-60 riM. The threshold [Ca2+]i values 
and the [Ca2+]i range to maximal response com- 
pare to the lower values found to activate K + 
channels in inside-out vesicles, in MgX+-contain - 
ing re.sealed 8hosts and in intact cells under differ- 
ent experiment'M conditions [21,27-32]. The ob- 
served celt heterogeneity of the dehydration re- 
sponse precludes any direct assessment of the 
kinetics of K + channel activation. However, the 
narrow activation range of Ca influxes and esti- 
mated [Ca2+]i values suggests a steep response of 
the K + permeability to [Ca2+]i. 

The increase in Ca influx cauzed by pulymeri- 
zatinn of hemoglobin S in sickle ceil anaemia red 
cells, was estimated previously in Benz-2-1oaded 
discocytes, suspended in autologous plasma, and 
exposed to rapid and complete deoxygenation un- 
der argon in a tonometcr [9]. The values found 
varied from 60 to 200 pmol / l i te r  cells per h. 
These represent mean values iJa the cell popula- 
tion, and could be much higher in some cells than 
in others. Since the Ca influx range from minimal 
to maximal dense cell formation in normal red 
cells is so narrow, there is a distinct possibility 
that sicklin 8 can generate a sufficiently high Ca 
influx in some calls, wtfich eveu if it persists for 
brief periods at a time, may lead to cumulative 
dehydration. If, as recent experiments suggest [2], 
only 5-30% or sickle cell anaemia red cells he- 
come highly permeable to Ca during each sickling 
pulse, and if most of the measured mean Ca influx 
is into such cells, [Ca2+]i may easily reach values 
"-hown to have maximal dehydrating effects in 
normal ceils. 

T h e r e  is a characterist ic" t e n d e n c y  for  the  f rac-  
t ions  of dense celts to level off in time at submaxi- 
real Ca influx, before the cells had been maxi- 
mally dehydrated. This means either that the de- 
hydration process has been halted or that it has 
been balanced by oposing hydrating processes. 
The overall effect re,ambles a kind of all or none 
response [33-36]. Although in principle many di- 
verse factors may cause such a response, (he steep 
[Ca2+]i-dependence of the K + permeability dis- 
cussed above suggests that minor timed reductions 
in [Ca2+]i may offer the simplest explanation for 
the  observed effects, and o u g h t  to  be cons ide r ed  
first in subsequent studies. The reasons why some 
cells dehydrate more than others, and some not at 
all, may be doe to differences in pump-leak 
steady-state [Ca2+]~ among cells due to dif- 
ferences in pumping, or to coordinated differences 
in the [Ca2+]t  thresholds of  the channels belong- 
hag to different cells [34,35,37,38]. Further work is 
needed to resolve these options. 

In conclusion, uniform increases in Ca influx 
within the narrow range 0.7-1.2 mmot/ f i t re  cells 
per h cause minimal to maximal dehydration of 
normal human red cells suspended in plasma-like 
media. The dehydration response to Ca 2+ permea- 
bilizalion is therefore extremely steep and would 
seem to occur within the estimated range of  [Ca 2 +], 
from 40 to 150 riM. At submaximal Ca influx the 
dehydration re,Toast is heterogeneous, either all 
or none or transient. 

Aeknowledgemems 

We wish to thank the Wellcome Trust for f 'mds 
and the Burroughs We((come Fund for a Well- 
come Research Travel Grant to LL.S. W~ are 
grateful to R,M. Bookchin for useful discussions, 
to J. Gareia-Sancho for helpful comments on the 
manuscript, and to Jackie Gray for excellent tech- 
nical assistance. 

References 

10hnishl.  ~,T. (1953J Br. J, l-laematoL 55. 665-67l. 
2 Bookchin, R.M., Ottiz, O.E. mad Lew, V,L. (198b) in Ap- 

proaches to the "t'heraw Of Sickle C¢11 Anaem,a (Beazard, 
Y., Charache~ S. and Galacteros, F., eds.), pp. 291-299, 
INgE3;tM, Paris, 

3 Low, V.L. and gookchin, R.M. (1986l J. Mcmbr. Biol. 92, 
57-74. 



165 

4 Latseft, F.L, Ka~=, Sr, ROU[O~S, BIDr ~ d  Brooks, D.E. 
O981) Nature 294, 667-668. 

5 Bookchin, R.M., Rolh~ E,F., Jr. and Lew, V.L, (1985) 
Blood 66, 220-223. 

6 Bookchin, [LM., Lew, V.L. and R.mh, E.F., Jr. (1985) in 
Cellular and Molecular Aspects of A#ns: The Red Call as 
a Model (Eaton, J.W., ed.). l~P, 369-37.5, Alan R. Liss. New 
York. 

-/ Eaton, J.W.. Skehon, T.D,, Swofford, H.S.. Koplin, C,E. 
and Jacob, H.S. (1973) Nature 246,105-t00, 

8 Palek, J~ (Lw?3,~ Blood 42, 988-1000, 
9 Bookel~n, R.M., Ortiz, O.E,, Sorulyo, A.V., Somlyo, A.P., 

Scpftlveda, M,L, HockMay, A. and Lew, V.L. (1985) Trans. 
Assoc. Am. Phys. 9~, 10-20, 

10 Lew, V.L., Hockaday, A., Sepftlved~, M.L, Som]yo, A.P., 
Somlyo, A.V., Orfiz, O.E. and B~aoiehia, R.M. 0985) Na- 
ture 31~, 586-589. 

11 Orrlnger, E.1 a. and Mattern. W.D. (1976) N. EnsL J. Med. 
294. 1436-1420. 

12 Freeman, C.L, Bookchio, ILM., Ortiz, O,E. and Low, V.L. 
(1987) J. Membr. Biol. 96, 235-241. 

13 Lew, V.L, (1971) Bioehim, Biophys. Acia 233, 827-830. 
14 Lew, V.L and Brown. A.M. (19"/9) in Detection and Mea- 

suremettt of Frtm Ca :l÷ in Cell (Ashley. C.C. and Campbell, 
A,K,, eds,L pp. 423-432, Elsevier/North Holland, 
Amsterdam, 

15 Lew. V.L. and Simonsen, !-O. (1980) J. Physiol. (London) 
31~, fop. 

16 Tiffert, T,, Gal'cia-Saneho, J. and Lew V.L. (1984) BioebJm. 
Biophys. Acta 773, 143-D6. 

17 Grlnsteln, S. and Rothstein, A. (1986) L Membt. Biol. 90, 
1-12. 

18 Escobales, N. and Cane~sa, M. 0986) J. Membr. Biol. 90, 
21-28. 

19 Simonaen. L.O. and Lew, V.L. (1980) in M_embran¢ Trans. 
port in E~'throeytes (Lessen, U,V., Ussing, H.H. and Wilt .... 
l.O., eds.), pp. 208-212, Munkslgtard , Copenhsgen, 

20 Simonsen, L.O., Gomme, J. and h:w, V.L (1982) Biochim. 
Biophys. Acta 692, 431-440. 

21 I..~w, V.L. and Gatcia.$anch¢,, 3, (198,$) Cell Calcium 6. 
15-23. 

22 I.¢w, V.L,, Tsien, R.Y.. Miner, (2. and Book,chin. R.M. 
(1982) Nature 298, 475-481. 

23 P~ssman. B..C. (3976) Annu, Rev. Biod'~m. 45. 501-530. 
24 Ferreka, H.G. and Lew, V.L. (1c;76) Na*.ure 2~9, 4"]-49. 
25 Sarkadi, B., Szasz. I. and Gafdos, G. (1976) J. Membr. Biol. 

26, 357-370. 
26 Schatz.rnann. H,J. (19~12) in Meml~ane Calcium Trenspoft 

(Carafoli, E.. ed.), pp. 41-108, Academic Press. London. 
27 Dasher, G. and Lew, V.L. (198:8) J. Physiol. {London), in 

press. 
2g Lew, V.L (1974) in Comparalive Biochemistry and Physi- 

ology of Transporl (Bolis, L., Btoch, K., Luria, S~E. 
Lyuen. F., eds.), pp. 310-316. North-Holland Publishin$ 
Company, Amsterdam. 

29 Porzig, H. 0975) J. P~ysiol. (Loadon) 2.49. 27-50. 
:30 Simons, TJ.B. 0976) J. PhysioL (London) 256, 227-24,4. 
31 Lew, V.L. aad Ferreira, H.G. (1976) Nature 263, 336-338. 
32 Garcia.S~mchn, J,, Sanehez, A. aad Herreros, B_ (19"~} 

Biochim. Boiphys, Acta 556, 118-130. 
33 Miner, C., L6pez-I~udllo. S.. Garcia-Sa~ho, J, and Hc- 

reer~, B (1983) Biochim. Biophys, Acta 77_'I. 266-2-/2. 
34 Al,~arez, J., Gmcla-Sancho, $. and Hcrre~,  B. (19831 3'. 

PhysioL (L~ndon) 343, 95P. 
35 Riordan, J.R. and Passow, H. (19-/3) in Cm,~parative Physi, 

olos~y (golis, L~ Sch.-'mdt.Nielsen, K. arid Maddrell, gH.P,, 
¢ds0, pp. 543-58L North-Hc41and Publishing Company, 
Amslerdam. 

36 Low, V.L., Meallem, S. and Seymour, CA. (1983) Ceil 
Calcium 4, 511-'317. 

37 Lew, V.L., Muallem. S. ~ d  Seymour, C.A. (I982} Nature 
296, 742-744. 

3~ Garcla-Sancho, 3., Sutl3nehcz, A. and Heff~os~ B- 0982} 
Nature 296, 744-746. 

39 AIvar~ J. and Gar¢la-Sa~cho. L (198-/) 8iochim. Biophys. 
Acta 903, 543-546. 

40 C.-r~gorczylg IL, Schwat~. W. and Passnw, H. (1984) Bio- 
phys. J. 45,693-695. 


