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In recent years much attention has focussed on drug- 
receptors in cell membranes. In the majority of these 
studies the receptors under investigation have been 
for neurotransmitters or hormones. In this article 
attention will be given to receptors for chemical 
agents which block sodium ion translocation across 
biological membranes. 

Two distinct types of sodium channel are found in 
living membranes. These are the voltage dependent 
sodium channels of electrically excitable tissues and 
‘channels’ in epithelial membranes through which 
sodium ions pass without prior triggering. In the 
former the fully activated I/V relations of the sodium 
channels are either linear, that is ohmic as in squid 
axon, or are non-linear and fit the Goldman equa- 
tion, as for example in Xenopus nodes. Hence ionic 
movements in these sodium channels have much in 
common with free diffusion down electrochemical 
gradients. The voltage dependence of the sodium ion 
conductance or permeability is explained in terms of 
a ‘gating’ process in which the electric field across the 
membrane governs the orientations of charged mem- 
brane molecules controlling ion flow. Recently 
techniques have been developed to record ‘gating 
currents’ in squid axon membranes, that is capacita- 
tive currents representing the movement of charged 
gating particles (Armstrong & Bezanilla, 1974; 
Keynes & Rojas, 1974) and there is much evidence, 
even though it is incomplete, to suggest that these 
displacement currents are formally equivalent to the 
Hodgkin-Huxley m gating process controlling the 
activation of the inward sodium current. 

In epithelia the sodium entry process is less well 
understood. Measurement of sodium influx through 
the mucosal membranes of amphibian skins and 
bladders, membranes considered reasonably equiva- 
lent to parts of the mammalian nephron, have shown 
that there is a non-linear relation between sodium 
influx and sodium concentration of the mucosal 
bathing solution, even when the potential across the 
membrane is held constant by a voltage clamp, 
probably indicating that entry is not by simple free 
diffusion down an electrochemical gradient. 

Using frog skin, Biber & Curran (1970) found that 
sodium uptake could be resolved into a linear and a 
hyperbolic component, only the latter being associ- 
ated with uptake into the transportingcompartment. 
The saturating component was half saturated at a 
concentration of 14.3 m sodium. Using a different 
extracellular marker (mannitol instead of inulin) to 
allow for contaminating extracellular sodium Erlij & 
Smith (1973) found only a hyperbolic component of 
uptake. However, their skins were open circuited and 
it is not possible to calculate exactly how the poten- 
tial change associated with changing the sodium 
concentration may have affected uptake. 

What influx measurements in epithelia indicate is 
that sodium ions probably interact with the mem- 
brane during transit. The saturating influx suggests 
a carrier facilitated diffusion mechanism, or even 
a saturating active step. Careful studies by groups 
working with frog skin (Smith, Martin & Huf, 1973) 
and toad bladder (Finn & Rockoff, 1971) suggest 
that sodium moves down an electrochemical gradient 
into the transporting compartment. However, other 
work (Hvid Hansen & Zerahn, 1964) with lithium, 
an ion which can also be handled by epithelial 
transport, shows it accumulates in the tissue in 
a way which suggests it moves up an electrochemical 
gradient. Difficulties of interpretation of the nature 
of the entry step in epithelia relate directly to prob- 
lems of locating and identifying the sodium trans- 
port pool, that is the sodium which has entered the 
epithelium but has yet to be transported into the 
serosal compartment. A downhill active entry step 
remains a further, if not very sensible, possibility. 

The foregoing paragraphs have emphasized the 
difference between sodium entry mechanisms in 
excitable membranes and in sodium transporting 
epithelia. There are, however, some similarities if 
one looks for them. According to Hille (1968a, b) 
entry to the sodium channels in excitable membranes 
is controlled by an ion selectivity filter, which can 
be blocked by tetrodotoxin or saxitoxin. It appears 
that the interaction of these drugs is not with the 
gating particles, as gating currents are usually 
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measured in the presence of tetrodotoxin to prevent 
any sodium current due to trace amounts of sodium 
in the bathing solutions. Interestingly enough the 
gating currents are blocked by the local anaesthetic, 
procaine (1 %) (Keynes & Rojas, 1974). 

The nature of the ion selectivity filter in excitable 
membranes has been investigated principally by Hille 
(1968a, b; 1975a, b) who concluded that an ionized 
acidic grouping with a pKa of around 5.0 was an 
essential part of the sodium channel, as g,, fell to 
low values in acidic solutions. Later, Woodhull 
(1973), in electrophysiological experiments with 
frog nodes of Ranvier, showed that the pH effect 
was voltage dependent in that the inhibitory effect 
of protons on P,, diminished at more positive vol- 
tages. The interpretation was made that the ionizable 
group, which had a pKa of 5.4 at zero membrane 
potential, lies one quarter of the way across the 
membrane from the outside. In addition protons 
modified the gating properties of the channels by 
an effect on surface charge. 

Apparently Na ions pass through the channels 
without crossing high energy barriers. By the use 
oforganic cation probesacting as sodiumsubstitutes, 
Hille (1971) concluded that the selectivity filter was 
an oxygen lined channel with a bore of 3-5 A, and 
in which the ionized grouping, possibly a carboxylic 
acid, served to lower the free energy required to 
dehydrate cations during passage through the 
selectivity filter. 

Both toxins (tetrodotoxin and saxitoxin) have high 
affinities (around lo9 M - ~ )  for the channel and inter- 
act with a probable stoichiometry of 1 : 1. Blocking 
activity of tetrodotoxin (pKa 8.8) is reduced at 
alkaline pH indicating that the cationic form is the 
active moiety (Camougis, Takman & Tasse, 1967). 
Radiolabelled toxins can be used to estimate the 
density of sodium channels in excitable membranes. 

When the specific binding of saxitoxin to desheathed 
rabbit vagus nerves was measured as a function of 
pH it appeared that protons competed with the toxin 
for a binding site with an apparent pKa of 5.9 
(Henderson, Ritchie & Strichartz, 1973). 

In electrophysiological experiments on frog nodes 
of Ranvier, Ulbricht & Wagner (1975) concluded 
that tetrodotoxin cations compete with protons for 
the same binding site in the channels but, unlike 
protons, the blocking effect of tetrodotoxin was not 
potential dependent. 

The effects of tetrodotoxin and saxitoxin cited 
above have been taken as evidence for the Kao- 
Nishiyama hypothesis (1965) that the charged 
guanidinium grouping in these toxins plugs the ion 
selectivity filter, the rest of the molecule preventing 
the toxin from proceeding further and also con- 
tributing to the total binding interaction between 
toxin and the channel. 

Fig. 1 shows drawings of CPK-space filling 
models of tetrodotoxin and saxitoxin and it is self- 
evident that the guanidinium grouping in these sub- 
stances is prominently exposed and might well be 
able to interact with the channel in the way des- 
cribed. Tetrodotoxin and saxitoxin have no inhibi- 
tory effect on sodium transport in amphibian 
epithelia, however two other substances do so. 
These are amiloride and triamterene and it is clear 
from Fig. 1 that these too have either an exposed 
guanidinium (amiloride) or a similar isosteric 
grouping (triamterene) making it tempting to extend 
the Kao-Nishiyama hypothesis even further to the 
blocking effect of these substances in epithelia. The 
effects of amiloride are exclusive in that no effects 
upon voltage dependent sodium channel conduc- 
tance have been observed. Presumably both the 
toxins and diuretic compounds owe their exclusivity 
to the non-guanidinium part of the molecule. 

FIG. 1. CPK-space filling models of, from left to right, saxitoxin, tetrodotoxin, amiloride, triamterene and 
benzimidazoleguanidine. 
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Recently experiments have been performed in my 
laboratory to examine the pH dependence of the 
inhibitory action of amiloride. When the pH of the 
solution bathing the mucosal surface of frog skin 
(Rana temporaria) was changed between pH 7-11 
there was little change in the short circuit current. 
At all pH values between these limits the SCC was 
reduced to zero by amiloride, 1 0 - 4 ~ .  In these experi- 
ments the pH of the serosal solution was buffered 
with tris at pH 7.6, while the pH of the unbuffered 
mucosal solution was controlled with a pH-stat. At 
pH values between 7 and 3 the short circuit current 
declined to a minimum at pH 4 and then increased 
again at pH 3. At pH 3 none of the short circuit 
current could be inhibited by amiloride, and the 
current was probably due to the mucosal to serosal 
movement of protons. At pH 4 most of the current 
was amiloride sensitive, and at pH 5-7 the current 
could be totally inhibited by amiloride. 

A plot of the amiloride sensitive short circuit 
current against pH hadthe form of a simple titration 
curve for a monobasic acid with a pKa around 5.0, 
very similar to the behaviour with pH of the sodium 
conductance in excitable membranes. Further ex- 
periments to determine the apparent affinity of 
amiloride as an inhibitor of the amiloride sensitive 
short circuit current showed that affinity was maxi- 
mal at around pH 8. At more alkaline pH values 
the fall off in affinity corresponded to a reduction 
in the amount of ionized (i.e. guanidinium) form 
of amiloride (pKa = 8-7). At pH values less than 8 
the reduction in value of the apparent affinity of 
amiloride corresponds very closely to the predicted 
values assuming that protons and the charged form 
of amiloride compete for binding with a negatively 
charged grouping with a pKa of around 5. 

Thus, at least in a superficial way, the similarity 
between the sodium entry mechanism in excitable 
membranes and epithelia is striking. Hille’s pro- 
posed ionic selectivity filter controls entry to a 
channel through which sodium ions pass by free 
diffusion, while in epithelia this is not so, although 
the entry mechanisms have similar characteristics in 
both instances. Whether the amiloride binding site 
occupies a sentinel position in respect of a channel 
through which ion flow saturates or guards access 
to a saturable carrier, or is part of a carrier system 
is not in the least clear. 

In  1973, I developed a method for determining 
the density of specific amiloride binding sites, and 
hence the density of the sodium entry sites, in the 
mucosal surface of frog skin. Although all binding 
studies are bedevilled by non-specific binding, I was 

helped considerably by the realization that sodium 
and amiloride compete with each other for the entry 
site. By performing experiments with solutions in 
which the sodium concentration was reduced to low 
values (1-2.5 m), the apparent affinity ofamiloride 
was increased by at least one order of magnitude 
with consequent reduction in the proportion of the 
non-specific binding. By measuring both specific 
(displaceable) binding simultaneously with the short 
circuit current in the same tissue, it was possible to 
know both the amount bound and the reduction 
in sodium ion transport. The amount bound at 
100% occupancy was then derived by simple calcu- 
lation. As the slope of inhibition curves for amiloride 
had indicated a stoichiometry of 1 : 1 with the recep- 
tor the number of sodium entry sites was deduced 
(Cuthbert, 1973). 

Around 400 sites pm-2 were found in frog skin 
when the mucosal bathing solution contained 
2.5 m NaCI. This density is of the same order of 
magnitude as the density of sodium channels found 
in various excitable membranes (for references see 
Keynes, 1975). 

Together with Dr Wing Shum, I examined the 
effect of ADH on amiloride binding in frog skin 
(Cuthbert & Shum, 1974). ADH increases sodium 
transport through this tissue. The sequence of 
changes is not completely understood although it is 
known that ADH interacts with receptors in the 
serosal surface of the epithelium. As a consequence 
of this the following effects have been described : 
(i) activation of adenyl cyclase and generation of 
CAMP, (ii) dephosphorylation of specific membrane 
proteins and (iii) calcium release from the mucosal 
surface. Following ADH, sodium influx through the 
mucosal surface is increased, possibly as a result of 
the actions given above or other unknown 
effects. 

ADH had no effect on the density of sodium 
channels in frog skin. However, the nominal current 
flowing through each channel was approximately 
doubled by hormone treatment, from 1.29 to 
2.55 x 10-le A (Cuthbert & Shum, 1974). The value 
of the current was obtained simply by dividing the 
total short circuit current by the total number of 
channels. Further, after ADH the apparent affinity 
of amiloride was reduced by a factor of 2-3. Con- 
sideration of these facts has led to the suggestion 
that ADH, or more properly its second messenger(s), 
acts as an allosteric activator of the mucosal entry 
sites (Cuthbert, 1974). This interpretation means 
that ADH increases the proportion of channels 
which are operative at any instant, explaining the 
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apparent increase in current in each channel and 
the change in affinity. The macroscopic affinity of 
amiloride will be an average affinity of the ligand 
for the operative and non-operative channels. As an 
inhibitor amiloride must have a higher microscopic 
affinity (and perhaps exclusive affinity) for the non- 
operative channels and the proportion of these will 
be reduced by ADH, thus reducing the apparent 
overall affinity. We have shown in separate experi- 
ments in isolated epithelial cells that ADH shifts 
the binding curve for amiloride to the right as would 
be expected if the proposed allosteric mechanism is 
correct (Cuthbert & Shum, 1975). 

Another hormone which increases sodium trans- 
port in anphibianepitheliais aldosterone. Again one 
of the final effects of this hormone is an increase 
in the sodium permeability of the mucosal face of 
the cells. The stimulating effect of aldosterone is 
blocked by inhibitors of transcription and transla- 
tion, and it seems certain that the steroid stimulates 
DNA dependent RNA synthesis (Rosier, Wilce 
& Edelman, 1974). 

Most of the experiments with aldosterone have 
been performed with cells isolated from the mucosal 
epithelium of toad bladders (Bufo marinus). It was 
shown that a specific saturable binding component 
for amiloride could be detected with properties ex- 
pected for sodium entry sites. The evidence was that 
the concentration of amiloride which half-saturated 
the channels corresponded to the concentration 
which caused a 50% inhibition of sodium transport 
(approximately 1 0 - 8 ~  at a sodium concentration of 
1.1 m). Furthermore, the inhibition of amiloride 
binding by triamterene was quantitatively predictable 
from the relative affinities of the two ligands deter- 
mined from inhibition studies (Cuthbert & Shum, 
1975). These were the criteria we had used previously 
to detect the specific binding component for amilo- 
ride in intact frog skin (Cuthbert & Shum, 1974). 

In a series of experiments it was shown that 
aldosterone increases the density of amiloride bind- 
ing sites, and presumably of sodium entry sites, in 
cells isolated from toad bladder epithelium. We 
conclude that the aldosterone-induced protein repre- 
sents the de novo synthesis of new channels, or 
alternatively is an agent which uncovers latent chan- 
nels (Cuthbert & Shum, 1975). The extent of the 
increase in channel density depends on the concen- 
tration of aldosterone and the conditions of the 
experiments. 

Thus the two hormones can complement one 
another in a very practical way. ADH acts rapidly 
and transiently to increase the proportion of func- 

tioning sodium entry sites, making possible quick 
and frequent adjustments of the extent of sodium 
reabsorption. Aldosterone acts more slowly and 
increases the number of sites available for sodium 
reabsorption, and provides a way of sustaining an 
increase in sodium reabsorption during sodium de- 
privation, without impairing the ability of the 
system to adjust to transient needs with ADH. 

We have estimated that the half-life of sodium 
channels in toad bladder epithelial cells is approxi- 
mately 60 h, and we were unable to detect any 
difference in the rate of disappearance of the channel 
population in control and aldosterone treated tissues 
(Cuthbert & Shum, 1976a). 

It might be supposed from what has been written 
that the question of sodium entry into epithelia and 
its modification by hormones is becoming reasonably 
clear. However there are some confusing features 
which suggest that there are other more subtle con- 
trol mechanisms at work. For example we found in 
frog skin that the density of sodium channels was 
dependent upon sodium concentration. At zero 
sodium in the mucosal solution we found 86 f 4 
binding sites pm-a in 45 determinations, while 
at 1.1 m Na the corresponding value was 201 14 
binding sites pm-2 in 15 determinations. In a few 
measurements at 2.5 mM sodium the binding site 
density appeared to be even larger (378 f 98 binding 
sites pm-2 in 4 determinations) (Cuthbert & Shum, 
1974). Of course there is a considerable scatter 
between individual skins, but both the values for 
1.1 and 2-5 m Na are significantly different from 
the value at zero sodium. Using a suspension of 
toad bladder epithelial cells and an amiloride con- 
centration of 2.2 x ~ O - * M  no specific (i.e. dis- 
placeable binding) was detected at zero sodium, 
while at 1.1 m there were 822 15 sites pm-* 
occupied by the ligand. This effect of sodium was 
not mimicked by potassium. 

One is immediately reminded of other situations 
in which the levels of receptor macromolecules in 
membranes are determined by existing concentra- 
tions of specific ligands. For example, the density 
of insulin receptors in fat cells is controlled by 
insulin concentrations (Soll, Kahn & others, 1975), 
the density ofp-receptors in pineal tissue is controlled 
by p-receptor agonists (Kebabian, Zatz & others, 
1975); in both instances the control is a negative 
feedback. The response of pineal tissue to /3-agonists 
is particularly interesting as it does not involve the 
de novo synthesis of new protein, rather the un- 
covering of latent receptors. Perhaps in transporting 
tissues there are dormant sodium translocating sites 
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which can be exposed by Na or alternatively by 
aldosterone-induced protein. 

We have found, for example, at low sodium con- 
centrations that when frog skin is voltage clamped 
at -50 mV (serosa -ve) there is an 80% increase 
in the number of amiloride binding sites compared 
to the density at 0 mV. Clamping at +50 mV reduces 
the density seen at OmV by 30% (Cuthbert & 
Shum, 1976b). We were very careful when we did 
these experiments to make sure that the potential 
dependent effects were not due to change in concen- 
tration of amiloride at the membrane surface. 
However, no change in apparent affinity was seen 
which would be anticipated if the local concen- 
tration did not reflect the bulk concentration. 

It has not been possible to examine amiloride 
binding at high sodium concentrations as the effec- 
tive affinity for it is reduced because of competi- 
tion with sodium ions. There is evidence however to 
suggest that mucosal permeability is reduced at high 
sodium concentrations. Lindemann devised a method 
by which the mucosal sodium concentration could 
be changed very rapidly (25 m s). On changing from 
a low to a high sodium concentration the level of 
sodium transport rose abruptly to a peak value and 
then declined, with a time constant of a fewseconds, 
to a plateau, as if some fraction of the sodium 
entry sites has shut off. More interestingly, thedecline 
could be prevented by benzimidazoleguanidinium 
(BIG, Fig. 1) (Zeiske & Lindemann, 1974). Further- 
more, BIG causes an increase in sodium transport 
in high sodium solutions when applied in the 
mucosal bathing solution. 

If these interpretations are correct then at low 
sodium concentrations there may be subtle auto- 
regulatory events designed to increase sodium uptake, 
while the converse is true at high sodium concen- 
trations. It is difficult to reconcile the stimulatory 
actions of BIG with the Kao-Nishiyama hypothesis, 
that is if the guanidinium group is the active moiety 
of all the compounds shown in Fig. 1, it is difficult 
to see how occupancy of an ion selective pore by 
this group can both inhibit and increase sodium 
influx. Alternatively, if the two state model suggested 
earlier is correct one might expect that BIG has a 
higher affinity for the operative forms of the channel 
while amiloride and triamterene have selective 
affinities for the non-operative forms. 

It is important not to ignore morphological con- 
siderations in considering sodium entry into epi- 
thelia. There are two major cell types in toad 
bladder epithelium; mitochondria rich (M-R) cells, 
constituting around 15% of the total number, and 

a majority of granular cells. The mitochondria rich 
cells are flask shaped with only a small proportion 
of their surface exposed to the mucosal face. Each 
M-R cell is surrounded by a rosette of granular 
cells (Ferguson & Heap, 1970). Scott, Sapirstein & 
Yonder (1974) have man.aged to separate the two 
cell types and find that ADH sensitive adenyl cyclase 
and nuclear aldosterone-receptors are present only 
in the M-R cells. On the other hand, Goodman, 
Bloom & others (1975) have found, using an im- 
munofluorescent method, that all cells stain equally 
well for CAMP. These results suggest many possi- 
bilities for the transepithelial route taken by sodium. 
For example, the mucosal surface area of the M-R 
cells is so small that sodium influx exclusively 
through these sites is perhaps unlikely. Perhaps 
CAMP generated in the M-R cells passes to the 
granular cells through tight junctions to modify the 
properties of mucosal surfaces of the granular cells. 
If sodium enters through the granular cell mem- 
branes is it pumped out of the granular cells, or 
alternatively does it enter the M-R cells before it is 
extruded into the serosal compartment? It is vitally 
important to examine amiloride binding in the 
separated cell types as this may indicate the site 
of sodium entry. 

Finally, to return to the comparison between 
sodium channels in excitable tissues and epithelia, 
it is instructive to make some simple calculations 
with the data that are available. Hille (1970) has 
compared the properties of sodium channels in 
amphibian nodes of Ranvier with the physical 
characteristics of a pore with a radius of 3 A. In 
Ringer solution (110 m~ sodium) the convergence 
resistance of a 3 A pore is 1 nmho, and from diffu- 
sion theory such a pore would have maximally 
1.3 x 108 new encounters with sodium ions each 
second. Unit conductances of 0.1-0.2 nmho have 
been seen at nodes with sub-threshold depolariza- 
tions, although in squid axon channel conductance 
is estimated as 2.5 pmho. 

In frog skin, with 1.1 mM Na bathing the mucosal 
surface, the convergence resistance of a 3 A pore 
would be 0.02nmho with 1.3 x lo6 ions entering 
the pore each second. The maximal recorded current 
through channels in frog skin is 2 x 10-I6A. Even 
if the channels open only intermittently (see Cuth- 
bert, 1974), the maximal current is probably not 
greater than 5 x 10-lsA, which corresponds to 
3000 ions s-l. The potential across the mucosal face 
of epithelial cells with low Na bathing the mucosal 
surface is about 10 mV indicating a conductance of 
only 0.05pmho. Thus, although there may be 
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similarities between the initial entry stages for translocation steps may be very different. 
sodium with both types of channel, the subsequent 

R E F E R E N C E S  

ARMSTRONG, C. M. & BENZAMLLA, F. (1974). J. gen. Physiol., 63, 533-552. 
BIBER, T. U. L. & CURRAN, P. F. (1970). Zbid., 56, 83-99. 
CAMOUGIS, G., TAKMAN, B. H. & TASSE, J. R. P. (1967). Science, 156, 1625-1627. 
CUTHBERT, A. W. (1973). J. Physio!. Lond., 228, 681-692. 
CUTHBERT, A. W. (1973). Zbid., 228, 681-692. 
CUTHBERT, A. W. (1974). Mol. Pharmac., 10, 892-903. 
CUTHBERT, A. W. & SHUM, W. K. (1974). Zbid., 10, 880-891. 
CUTHBERT, A. W. & SHUM, W. K. (1975). Proc. Roy. Soc. Lond. B., 189, 543-575. 
CUTHBERT, A. W. & SHUM, W. K. (1976a). J. Physiol. Lond., 225, 587-604. 
CUTHBERT, A. W. & SHUM, W. K. (1976b). Ibid., 225, 605-618. 
ERLIJ, D. & SMITH, M. W. (1973). Zbid., 228, 221-235. 
FERGUSON, D. F. & HEAP, P. F. (1970). Z .  Zellforsch. mikrosk. Anat., 109,297-305. 
FINN, A. L. & ROCKOFF, M. L. (1971). J. gen. Physiol., 57, 326-348. 
GOODMAN, D. B. P., BLOOM, F. E., BATTENBURY, E. R., RASMUSSEN, H. & DAVIS, W. L. (1975). Science, 188, 

HENDERSON, R., RITCHIE, J. M. & STRICHARTZ, G. (9173). J. Physiol. Lond., 235, 783-804. 
HILLE, B. (1968a). J. gen. Physiol., 51, 221-236. 
HILLE, B. (1968b). Zbid., 51, 199-219. 
HILLE, B. (1970). Prog. Biophys. Mol. Biol., 21, 3-32. 
HILLE, B. (1971). J.  gen. Physiol., 58, 599- . 
HILLE, B. (1975a). Fedn Proc. Fedn Am Socs exp. Biol., 34, 1318-1321. 
HILLE, B. (1975b). Biophys. J., 15, 615-619. 
HWD HANSEN, H. & ZERAHN, K. (1964). Actaphysiol. scand., 60, 189-196. 
KAO, C. Y. & NISHIYAMA, A. (1965). J. Physiol. Lond., 180, 50-66. 
KEBABIAN, J. W., ZATZ, M., ROMERO, J. A. & AXELROD, J. (1975). Proc. Nut. Acad. Sci. U.S.A., 72, 3735-3739. 
KEYNES, R. D. & ROJAS, E. (1974). J. Physiol., 239, 393434. 
KEYNES, R. D. (1975). Phil. Trans. Roy. Soc. Lond. B., 270, 295-559. 
ROSIER, B. C., WILCE, P. A. & EDELMAN, I. S. (1974). Proc. Nut. Acad. Sci. U.S.A., 71, 3101-3105. 
SCOTT, W. N., SAPIRSTEIN, V. S. & YONDER, M. J. (1974). Science, 184, 797-800. 
SOLL, A. H., KAHN, C. R., NEVILLE, D. M. & ROTH, J. (1975). J. elin. Invest., 56, 769-780. 
SMITH, T. C., MARTIN, J. H. & HUF, E. G. (1973). Biochim. biophys. Acta, 291, 465479. 
ULBRICHT, W. & WAGNER, H.-H. (1975). J. Physiol. Lond., 252, 159-184. 
WOODHULL, A. M. (1973). J. gen. Physiol., 61, 687-708. 
ZEISKE, W. & LINDEMANN, B. (1974). Biochim. biophys. Acta, 352, 323-326 

1023-1025. 




